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Executive Summary

Within the project, Aalborg University, Denmark, has with support of the project group made a survey
in order to update and enhance the extensive market research needed for large-scale heat pumps. The
research shows the trends for implementation of heat pumps in district heating systems as well as the
trends in heat sources and refrigerants.

Based on the results of Task 2, the project group has chosen some of the most promising concepts
which are described in this report.

Concepts for single-family houses are described as well as concepts for district heating. All of the
concepts show that heat pumps can provide flexibility services. The concepts also show that heat
pumps can act in the ancillary service market.
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1. Introduction

1.1. Heat Roadmap Europe: The increasing role of large-scale heat
pumps in district heating systems

Within the project, Aalborg University, Denmark, has with support of the project group made a survey
in order to update and enhance the extensive market research needed for large-scale heat pumps.

The survey expands on a previous survey made in 2017. The survey includes recent data collection
from the European Heat Pump Association, Plan Energi, and the IEA Annex 47. The survey includes
information regarding:

e Site Location

e Year of establishment

e The Heat source

o Refrigerant type

e Thermal capacities

e COP for heating and cooling

e Source inlet and outlet temperature
e Supply and return temperatures

e Economical values.

The results are presented in an article which is a part of the deliverables from Aalborg University.



2. Representative concepts and solution

The described representative concepts and solutions are all taken from the projects analysed in
Task 2.

2.1. Heat pump flexibility in single-family houses
In general, heat pumps can provide flexibility services. It is important to understand that the flexibility
potential can be distinguished in ‘capacity’ and in ‘time length’.

First, the outside temperature is a major determinant for the capacity that can be provided. Naturally,
the outside temperature determines the operational level of the heat pump. As illustrated in Figure 1,
electricity demand increases with falling temperatures. Therefore, the potential to reduce electricity
consumption is high as illustrated by the red field in Figure 1. At high outside temperatures, heat
pumps do, however, not run on full load and can, therefore, ramp up easily. This is illustrated by the
green field in the figure.

Maximum HP electric capacity

Increase consumption
= negative balancing energy

Reduce consumption
= positive balancing energy Electric HP demand

Outside Temp [° C]

Figure 1 Consumption versus outside temperature (AIT)

Second, it is also important to consider outside and room temperatures as they constrain the
operational flexibility with respect to the time length for which flexibility services can be provided.
Either the building cools down or it heats up. In case of provision of negative balancing energy
(meaning that the heat pump consumption is higher than required by the outside temperature), the
building heats up. In case of provision of positive balancing energy, the building cools down since the
power consumption of the heat pump is lower than required by the outside temperature.
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Figure 2 Flexibility potential depends on outside temperature. (AIT)

The positive flexibility potential increases with lower outside temperatures since the electric heat
pump demand can be reduced, at least for a certain time period. However, one has to keep in mind
that the electric load of the heat pumps is only moved in time. Sooner or later, the heat pumps have to
run harder to catch up with missed heat production. Moreover, it is also important to consider outside
and room temperatures as they constrain the operational flexibility with respect to the time length for
which flexibility services can be provided. Either the building cools down or it heats up.

Figure illustrates the potential to provide positive balancing energy, i.e., reducing the power
consumption of the heat pump below its required level. This example illustrates that at low outside
temperature levels (e.g., -10°C), the electric heat pump load amounts to around 2 kW. Therefore, the
flexibility potential is equal to that.

This capacity can be offered for around five hours, which is the time that the building takes to cool
down from 22°C to 20°C. For higher temperatures, the flexibility capacity is lower (e.g., 0.5 kW at
10°C), but it can be offered for 12 hours, which is the time it takes for the building to cool down.

-10 °C -5°C 0°C 5°C 10 °C

2.5

\

\

VAN
0s | W WA

0.0

kw

Figure 3 Positive flexibility potential on different outside temperature levels. (AIT)



Figure illustrates the potential to provide negative balancing energy, i.e., increase the power
consumption of the heat pump above its required level. At low outside temperature levels (e.qg.,
-10°C), the potential to further ramp up heat pump consumption in this example is low (5 kW), but it
can be offered for around 12 hours. Obviously, at -10°C, it takes a rather long time to heat up the
building until it reaches its upper limit of 23°C. Conversely, at +10°C, the electric consumption of the
heat pump is typically around 0.5 kW. Therefore, the potential to increase consumption amounts to
around 2 kW. However, it takes only approx. three hours until the building reaches a room
temperature of 23°C.

Negative flexibility corresponds to negative balancing energy, i.e., the heat pump runs on a higher
load than required. The potential was calculated under certain thermal coefficients. The starting room
temperature is 21°C, and energy gains (caused by higher heat pump activity) are held constant over
time. This is a simplification since energy gains decrease with falling room temperatures.
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Figure 4 Negative flexibility potential on different outside temperature levels. (AIT)

2.2. Potential backup systems (electrical heater, biomass, gas/oil

burner)
In Denmark, the implementation of heat pumps in smaller district heating grids has accelerated over
the last years. A promising solution is to combine heat pumps with an electrical boiler and a storage
tank and use biomass / gas or oil as backup solutions. A plant that operates with such a solution is
Sdr. Felding district heating.

The district heating company in Sdr. Felding which supplies 740 households has expanded their
existing biomass-based production facilities with a large air to water CO2 heat pump at 3.3 MW, a
huge buffer tank of 3370 m?3 (4.5 m3/consumer) and a 10 MW electrical boiler. This visionary
installation really shows the future of district heating, which will run without any air emissions and
serve as an important player in balancing the electrical grid. It will absorb large amounts of green
electricity when it is available and utilize the stored energy from the tank when the electricity supply is
lower than the demand.
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Figure 5 System plant and layout, Sdr. Felding. (Fenagy / Energinet)

Flexibility Shown

The heat pump and the electrical boiler supplement each other. When it comes to delivering ancillary
services, the boiler can react very fast and adjust the electric load up and down, and it can
supplement the heat pump to reach the bid limit when the plant operator puts offers into the market.

The heat pump has been tested regarding the reaction time. It has a start-up time within seven
minutes, and a turn down time within four minutes as shown in figure 6. This means that it is able to
act within the aFRR regime, see figure 7.
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Figure 6 Startup, Sdr. Felding. (Fenagy)



The heat pump and the electrical boiler supplement each other. When it comes to delivering ancillary
services, the boiler can react up and down very fast, and it can, thereby, supplement the heat pump to
reach the bid limit of 1 MW when the plant operator is putting offers into the market, see figure 8.
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Figure 8 Possibilities for regulation of the system. (Energinet)

Storage

The storage is a huge buffer tank of 3370 m3 (4.5 m3/consumer) with water. The storage can deliver
the energy needed for approx. one week to the consumers. Originally, the storage temperature was
planned to be 70°C, but as the CO2 heat pump can deliver 85°C, it is operated up to that temperature,
which means that the storage capacity is increased with 30 %. The size of the storage increases the
ability to be flexible when the plant operator acts into the ancillary service market.



Results

The project has shown that it is possible for heat pumps to react into the ancillary service market, both
the mFRR and the aFRR market.

The combination of a heat pump and an electrical boiler gives certain advantages regarding reaction
time and capacity. Biomass boilers are great when long periods with high electricity prices occur, for
example, during periods of two weeks with no wind.

The storage with a weekly capacity increases the flexibility of the plant.

It has been a good business case, and the consumers have lower district heating prices.



2.3. Promising concepts for flexible heat pump operation

2.3.1. Flexibility from SFH-HP on the DA market: simple approach on historic data

In the Annex 57 project, another approximation of the revenue potential was undertaken by deploying
a linear optimization model, which models the thermal behavior of a representative single-family-
house (SFH) in a simplified way.

Table 1. Parameters for simplified modelling of thermal building behaviour

Parameter Value Unit

Heat transmission coefficient 0.5 W/(m2*K)

Living space 100 m?

Building surface space 250 m?

Specific heat consumption 50 kWh/mz2/y

Specific heat capacity 90 Wh/mz2/K

Heat conversion factor 0.11 r Temp in/r Temp out
HP supply temp 35 °C

Efficiency facgtor 0.35 factor

Source: AIT internal assessment, AIT Loadprofilegenerator

The coefficient of performance was calculated as follows

Equation 1

Ty + 6 + 273.15

cCoP =46
Tsink - Tsource + 26

where Tsink denotes the heat pump supply temperature, Tsource denotes the temperature of the
source (e.g., outside air temperature in case of an air-sourced heat pump), § denotes a constant
representing the spread between source and supply temperature, assumed at 5K. 6 denotes the quality
coefficient.

Combining the formula for the COP with the parameters illustrated in Table 1 results in the electric
demand as a function of the outside air temperature (assuming an air-sourced heat pump and an inside
temperature of 21°C).

When combining this function with electricity prices, the basis for the flexible heat pump operation is
formed. The target is to shift the electric load into periods of low price and high temperature, within the
limits of the thermal inertia of buildings. The electric demand for a SFH with 100m2 living space at 21°C,
assuming 250m? of outside surface area and average 0.5 W/(m?2 K) heat transmission coefficient. COP
calculated according to Equation 1 is shown in figure 9.
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Figure 9 Electric demand as a function of outside air temperature for a single-family house. (AIT)

Figure 9 illustrates the costs of the baseline scenario as well as the benefits from flexible heat pump
operation across multiple historical years. It can be seen that in historical years before 2021,
electricity costs of (inflexible) heat pump operation range around 600 €/year. It is worth noting that
these costs represent only a fraction of the total costs for electricity as network charges, taxes, and
levies are not considered herewith. However, grid-fees and taxes are fixed over time, and, therefore,
not relevant for the results regarding the flexibility potential of heat pumps.
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Figure 10 Electricity benefits from flexible HP operation. (AIT)



2.3.2. Flexibility from SFH-HP on the DA market: sophisticated approach on scenario

data
[9] investigates the revenue potential of single-family houses with heat pumps participating in the day
ahead (DA) market in Austria. The study particularly focuses on the impact of variable electricity price
tariffs on the resulting revenues for single homeowners as well as on the electricity consumption
behavior on a country level. Austria has been chosen as an example. The consumption behavior of
households with heat pumps is simulated and optimized to show the different operation modes when
households do and do not react to the day ahead prices. Results show that real time pricing is an
effective method to shift electricity with heat pumps. However, the cost savings for individuals are
relatively low at the investigated conditions.

A model to analyze how the energy consumption of households responds to variable electricity prices
was developed. The model operates in two modes: benchmark mode, which maintains a certain
comfort level while meeting the energy demand of the building, and optimization mode, where a smart
energy management system (SEMS) minimizes household energy costs while maintaining indoor
comfort.

The model calculates heating demand by using a simplified reduced order approach called 5R1C,
described in DIN 1SO 13790. Although this approach has been replaced by a newer standard (DIN
ISO 52016), it is computationally intensive to implement it. The accuracy of the model in calculating
the heating demand has been validated against other methods in [9] [10] [11]. Space heating and hot
water demand are met by a heat pump with the coefficient of performance depending on supply and
source temperatures. The model assumes specific temperatures for space heating and hot water
supply, with adjustments if thermal storage is used.

To analyze the impact of thermal storage devices on load shifting, simulations were conducted for
buildings with and without thermal storage. The model assumes certain properties for the storage
tanks to simplify the calculations (400l for domestic hot water and 750 for heating buffer tanks). The
results show that the potential to shift electric loads with thermal storages is approximately two to five
times higher than when just using the thermal mass of the building by adaptation of the indoor
temperature.

Finally, multiple representative buildings from Austria's single-family home (SFH) stock were
simulated, and the results were aggregated at the national level for different electricity price profiles.
The aim was to analyze the sensitivity of load shifting in connection with different price patterns for the
whole building stock. The model also considers the frequency of price changes, which can affect the
cost savings achievable through load shifting.

Since the load shifting behavior is driven by a minimization of the costs, the cost savings of each
representative single-family house were analyzed as well. Generally, buildings with electrified heating
and a high heating demand benefit more from variable electricity tariffs in absolute terms as they can
shift more electricity to low price times.
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Figure 11 Electricity cost savings per building type without thermal or electrical storage under different electricity
prices. Cost savings are between 1 EUR and 23 EUR per year depending on price and the building
characteristics. [AIT]

The study demonstrates that residential HPs in single-family homes can effectively shift electricity
consumption by utilizing thermal mass. Higher price volatility leads to more shifted electricity.
However, the economic viability of implementing a SEMS is dependent on installation costs, which
may impact the decision to adopt such systems. Thus, additional incentives or higher changes in price
might be needed to tap into the potential of the load shifting potential of residential buildings.

2.3.3. Combined provision of frequency regulation from heat pump and electric vehicles
As the requirement for flexibility is foreseen to increase, the utilization of demand side units for the
provision of frequency regulation is expected to be important to keep the system in balance [3].
Demand side units provide a link to neighboring sectors, and, thereby, unlock the flexibility potential
that lies within these sectors (e.g., as thermal storage capacity). However, the main product of
demand side units is typically different from the provision of ancillary services to the power grid. This
means that the availability of demand side units for the provision of flexibility to the power grid is
constrained by the requirements regarding the provision of the main product. It also means that the
demand for the main product and for the provision of ancillary services needs to be well-coordinated.

To characterize the ability of demand side units to provide operational flexibility, the following
characteristic parameters can be used [4].

e Power provision capacity - The load by which the current power uptake or supply of the unit
may be decreased or increased.

e Power ramp rate - The power ramp rate defines how fast a unit is able to change the power
uptake or supply.

e Energy provision capacity — The overall amount of energy that can be shifted. This defines
how long a certain change in the power uptake can be maintained.



These characteristics may change with the state of the system. The combination of units with different
characteristics results in a combination of the strengths of different units. As an example, the
aggregation of a fast-reacting unit with small storage capacity and a slow reacting unit with large
storage capacity will result in a combined service that can react quickly and maintain the change in
power for a long time. To demonstrate this, a case has been studied, where a large-scale heat pump
with thermal storage has been combined with a set of vehicle-to-grid capable vehicles.

The studied heat pump was a two-stage ammonia heat pump with a nominal heating capacity of
800 kW. The heat pump supplies a small district heating grid in the outer Nordhavn area in
Copenhagen, Denmark. It is, furthermore, connected to a 120 m3 stratified hot water storage. The
measure ramping times for this heat pump were in the range of 2 to 7 minutes [5]. The heat pump
was combined with 25 electric vehicles. The energy storage capacity of the battery was assumed to
be 40 kwWh for all vehicles, and the power of the charger was 9 kW.

The idea of combining these two types of units is that the fast-reacting vehicle-to-grid capable electric
vehicles adapt their power uptake according to the current grid frequency to provide primary
frequency regulation when activated. The energy content of the frequency deviation is, however,
covered by the large-scale heat pump, ensuring that the electric vehicles are fully charged at the end
of the grid-connected period (here 4 PM to 7 AM), despite the utilization of the full charger power
capacity for frequency regulation. In practice, this means that the electric vehicles regulate according
to the grid frequency during the entire service provision period. The load of the heat pump is adapted
once every hour according to the current state of charge of the electric vehicle batteries. If the state of
share falls below a minimum level, the heat pump reduces its power uptake to allow the electric
vehicles to charge. This principle is illustrated in Figure .
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Economic evaluation

The income from the FCR-N provision was estimated by calculating when the combined units would
be called to deliver frequency regulation. For this purpose, a simple bidding strategy was applied: For
every hour of the coming day, the average accepted bid of the same hour of the previous day was
used as capacity price. This was a conservative assumption as it may be possible to achieve
payments higher than average. The minimum capacity payment which the system could bid into the
market was calculated by determining the difference in specific heat cost and battery operation
between operation with and without FCR-N provision. In other words, the system would only bid into
the FCR-N market when the expected capacity payment was at least high enough to cover the
additional cost due to flexible operation. Details of the technical and economic assumptions may be
found in [5] [6].

Results

The results showed that a synergy may be obtained when aggregating fast reacting electric vehicles
with a large-scale heat pump to provide primary frequency regulation. The advantages are that the
service provision period may be extended compared to primary frequency regulation by the electric
vehicles alone. This is because the constraints regarding the state of charge of the electric vehicle
batteries are offset by an adaptation of the heat pump power uptake. From a heat pump perspective,
this operation scheme is beneficial as the heat pump may act on ancillary services markets which are
not accessible by the heat pump alone due to restrictions of the ramping times.

The feasibility study showed that the business case was slightly positive, despite increased losses
and wear in the system, and despite the fact that the revenues are shared between the electric
vehicle owner and the heat pump owner. For the case of 2018 prices, the total annual cost of
operating the system (incl. income from FCR-N provision and payments to electric vehicle operator)
was 79,700 EUR for the case with FCR-N provision, compared to 81,300 EUR for spot-market
optimized operation of the heat pump. The total income from the FCR-N provision was 4,710 EUR.
Moreover, the results showed that the income for the heat pump would have increased (in this case to
6,200 EUR) if FCR-N could have been provided by the heat pump unit alone. This would, however,
require constant adaptation of the heat pump capacity, which is challenging from a technical point of
view (see also Task 4 report).

2.3.4. Heat pump in combination with biomass

In Austria, there is a large number of small biomass-based district heating networks, which were built
about 20 years ago. They are reaching the end of their technical lifetime and are operating with lower
efficiency compared to modern plants. Installing additional heat pumps in these grids can improve the
overall efficiency of the heat plants by utilizing the flue gas as a source. In the Austrian research
project fitApower2heat [12], this concept was analysed with simulations, using a techno-economical
optimization model of the heating systems and the interaction with the electricity markets. Various
scenarios were calculated while comparing different types of heating grids, different heat sources, and
different electricity markets.

The analysed heating grids consisted of biomass boilers and thermal storages. The heat pumps were
integrated in two different ways. In the first option, the flue gas from the biomass boiler was used as
the source for the heat pump (Figure ). The heat recovery process occurs in two stages. The flue gas
exits the boiler at a temperature TFG_in. The boilers are connected to a gas condenser in which the
flue gas is cooled down by the return line of the thermal network and partially condensed at the first
stage (TFG_out). This results in a slight increase of the return temperature which allows the biomass
boiler to be operated with a lower load. The sensible and latent heat is recovered by an additional
heat exchanger in a second stage and transferred to the evaporator (Teva_in). This additional heat
exchanger is recommended to uncouple the network from the entry of the evaporator and ensures a
stable operation for the heat pump. The regulation of the mass flow mitigates the negative effects
which abrupt fluctuations in the boiler load could cause on the flue gas temperature or the mass flow,



and consequently on the evaporator inlet temperature. The stream of liquid refrigerant is evaporated
at low pressure by the evaporator. The refrigerant vapour is then compressed, leading to a
temperature increase. This compressed refrigerant stream is condensed at high pressure and, thus,
at high temperature. The resulting heat is transferred at temperature Tcon_out to the water contained
in the lower half of the storage. This configuration avoids sharp temperature differentials between the
source and the sink of the heat pump.
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Figure 13 Scheme of the heat pump integration using flue gas as a source. (AIT)

In the second option, an external heat source was used, namely sewage water (Figure ). The heat
from the sewage water at temperature TSW is recovered by the heat exchanger and supplied to the
evaporator (Teva_in). Subsequently, this heat is transferred to the condenser and afterwards to the
return line of the heating network (Tcon_out). A bypass is installed in order to regulate the mass flow
into the heat pump.
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Figure 14 Scheme of the heat pump integration using sewage water as a source. (AIT)



2.3.5. Heat pump in high-temperature district heating

The Austrian energy supplier, Wien Energie, is currently constructing a large heat pump in Vienna,
which uses the access heat from a water treatment plant and will feed into the Viennese district
heating grid. The first part of the plant should start operating in early 2024.

Figure gives an overview of the total system. The heat is supplied by the nearby water treatment
plant, which has an outlet water temperature of 12-23°C. After the heat extraction through the heat
pump, the water leaves the system at 6-17°C and enters the Danube channel. The electricity needed
for the heat pump is supplied through a direct cable from a nearby hydropower plant.
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Figure 15 Scheme of the large-scale heat pump for high temperature district heating (>90°C),
currently under construction in Vienna. (Vienna Energie)

In the final expansion stage (planned for 2027), the plant should supply 110 MWth at a temperature
level of >90°C. Some of this heat is used for a local gardening network. The rest is re-heated using a
CHP to then enter the district heating grid at up to 150°C. The total power will be produced by seven
heat pumps. In the first extension phase, only three heat pumps will be built with a thermal power of
18 MW each and 7.1 MW electric. The heat pumps are each using 18t of R1234 zE and have four
stage turbo compressors.

2.4. Types of storage

The combination of storage, transport, and conversion of energy (carriers) ensures that the mismatch
between supply and demand in the (future) energy system is corrected. A simple representation of
this can be seen in the scheme below. The different types of storage can be categorized within the
energy system. Some types are described in the following table 2.
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Figure 16 The combination of storage, transport, and conversion of energy . (RVO)

Table 2 Categories within the energy system (Routekaart Energieopslag voorjaar 2023 (rvo.nl))

_ Time scale Spatial scale Grid position

Thermal Seasonal National Combination with heater
Electrical* Weekly District Own connection
Molecule* Daily User Behind-the-Meter

2.5. Field tests of remote control of individual heat pumps for flexibility
services

In the Swedish SLAV project [1], a field test was carried out using three inverter-controlled ground
source heat pumps which were installed in three different single-family buildings. The main scope of
the tests was to evaluate the possibilities to fulfil the demands for Svenska kraftnats ancillary
services, through remote control of heat pumps via the cloud and API of the manufacturer. The heat
pumps were installed in the south of Sweden, and the control commands were sent from the RISE
office in Stockholm.

All the heat pumps were unmodified heat pumps from one manufacturer. The APIs of the heat pumps
provide no direct control functionality neither for increasing, decreasing, turning on or off the
compressor, nor for doing the same with the auxiliary heater. The project members have good
knowledge of the control of heat pumps, and a strategy for using existing API functionalities was
defined.



2.5.1. Increasing the power consumption of the heat pumps
Figure shows the reaction of one of the heat pumps when a signal to increase the power
consumption is added.

1600
Increase signal
No signal No signal
'§ I
= 1200 | |
I3 I
3 1
= I
2 |
G
2 800
=
=
o
£
2
c
[=]
2 400
[T}
2
&
HP1
0
02:00 02:30 03:00 03:30 04:00 04:30 05:00
Time hh:mm

Figure 17 Increase of power consumption on the first heat pump (HP1). (RISE)

As shown in Figure , the response is slow when increasing the power consumption when the
compressor is already running. This is in line with what that manufacturer said but also in line with the
other manufacturers’ statements. Within about 15 minutes, the power consumption had increased
around 50 %, and the increase was then fairly stable, almost until the control signal was removed.

After removing the control signal, the power consumption decreased rapidly to an almost 25 % lower
power consumption compared to when the increase signal was sent. This is logical as the heat
production of the heat pump was in balance before the increase signal was sent, and the
unnecessary heat which was produced needs to be compensated.

It is evident from these tests that in order to ensure an effective implementation of increased power
consumption commands, specifying the amount of increase is necessary. The commands used in this
test means that a learning process is needed in order to understand how each type of heat pump
reacts to the commands. Moreover, the heating state before the need for increased power
consumption must also be known.

2.5.2. Stopping the heat pump compressor

The second performed test focused on turning off running compressors. This can be useful with
aggregated heat pumps to help the power system when there is a lack of available electricity. The off
signal was sent to the three heat pumps. Each heat pump reacted immediately when looking at an
hourly timeline, see Figure and Figure 19 below.
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Figure 19 Stopping the compressor of the second (left) and third (right) heat pump with the time scale in hours
(HP2 & HP3). Power consumption from manufacturers API. (RISE)

At a close look, it is evident that the reactions are fast and that the heat pumps are stopped within 5-8
seconds. A more detailed analysis also shows that the time to stop the compressor increases with the
frequency of the compressor when the stop signal is sent.

2.5.3. Decreasing the power consumption of the heat pumps

From another still ongoing research project (Bostader for flexibilitet), RISE has performed additional
tests to control the same heat pumps, and the outcome of that project showed that decreasing
compressor speed was difficult, and it sometimes led to the stopping of the compressor.

From these tests, it is shown that it is likely that decreasing the compressor speed, with the existing
control system of the heat pumps, is as slow as increasing the speed.

254, Starting the heat pump compressor

The field tests showed that it is possible keep the heat pump turned off as long as wanted which
means that one can start the heat pump whenever wanted during the heating season by keeping it off
and then send an on signal.

This heat pump control system always starts the compressor with the same start-up phase, with a
higher frequency (40 Hz) the first minutes which means that reaching the desired power consumption
takes time, see Figure .



Note that the heat pumps heating needs were fulfilled even after the off signal was removed
and the heat pump control system started the heat pump with a delay.
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Figure 20 Example of start-up phase of the compressors with a time scale of one hour,
when heating need is low. (RISE)

As the control system of the heat pump assumes that the heating need is low after a start of the
compressor, it always decreased to 20 Hz directly after, which means that reaching high power
consumption from a stand still takes a significant amount of time.

2.5.5. Auxiliary heater

To start and stop the auxiliary heater, the compressor needs to be in operation. It cannot be started
alone with the control system currently available. Therefore, this was not tested, except when the
auxiliary heater was started in other tests.

It was not seen that the auxiliary heater could be started or stopped within a second in the tests as
stated by all the manufacturers. Either reprogramming or a better test strategy is needed for a rapid
start or stop of the auxiliary heater.

2.5.6. Conclusions from field tests
The field tests carried out on three inverter-controlled ground source heat pumps in three single-family
buildings showed that:

e The response to a control signal to increase the power consumption of the heat pumps is
slow when the compressor is already running.

e The heat pumps stop quickly when they get an off signal. The heat pumps stop within five to
eight seconds if the compressors run at a low frequency when the stop signal is sent.
However, the time to stop the compressor increases with the frequency of the heat pump
compressor.

e With the used control strategy, it was not possible to control the domestic hot water
production. If the heat pump makes domestic hot water, the stop signal will be ignored. This
shows the need for better demand response signals for heat pumps.

e Tests within the project have shown that it is possible during the heating season to keep the
heat pump turned off as long as wanted and to start it on demand.



2.6. Daily storage

2.6.1. Installation Monitor 1.0: Hybrid heat pump in transition technology

Due to the grid constraints, the Dutch government started a hybrid heat pump program. Part of this
program is funded monitoring projects to provide real performance data. A hybrid heat pump provides
significant savings in natural gas consumption and, thus, contributes directly to reducing CO,
emissions. This is evident from the results of the monitoring process of the Installation Monitor.

With the current gas and electricity prices, the purchase of a hybrid heat pump leads directly to
savings on energy bills for almost all types of homes. If the current Isubsidy (e.g. ISDE subsidy
scheme 2023) is also taken into account, a payback period of a hybrid heat pump in eight years is
easily achievable. This makes a hybrid heat pump a transition technology for Dutch residential
construction.

According to the final results of the Installation Monitor, a hybrid heat pump provides 60 % of the
average annual heat demand for space heating. The remaining 40 % as well as the tap water demand
are met by the gas boiler. For every cubic metre of natural gas saved in this way, the heat pump uses
2.35 kWh of electricity. This means a SCOP of 3.8 on average. The SCOP is the ratio between the
amount of heat emitted in the home versus the electricity consumption over a year. Given the current
energy rates, a hybrid heat pump is an economically beneficial solution. In addition, the technology is
applicable in a wide range of homes; from old to new and from large to small. A better insulated home
leads to better performance. This means that a hybrid heat pump is an incentive to implement more
energy-saving measures and, thus, save more. Possibly with the aim of a natural gas-free home.

However, a large-scale roll-out of hybrid heat pumps must take the load on the electricity grid into
account. Within this project, the grid load of the heat pumps turned out to be approximately the same
as the load of the installed solar panels. Since less than 93 % of Dutch homes have solar panels, the
load of (hybrid) heat pumps on the grid is considerable. The results show that all-electric heat pumps
put about 50 % more strain on the grid than hybrid heat pumps. In many cases, the large-scale
adoption of hybrid heat pumps (such as a district approach) or the large-scale installation of PV
panels leads to the necessary grid reinforcement. Municipalities that want to deploy (hybrid) heat
pumps on a large scale are advised to do so in close consultation with the local grid operator.

Read more about the project: Eindrapportage Installatiemonitor 1.0 - Installatiemonitor.nl

2.6.2. Ongoing: Installatiemonitor 2.0 >5500 participants

Demo project hybrid heat pumps
In order to get a good picture of the applicability, performance, savings, and comfort of the hybrid heat
pump, the operation of 200 hybrid heat pumps in homes is monitored. The installations are monitored
for at least one heating season, and the resulting data are recorded and interpreted.

This project is an initiative of the Dutch Heating Industry (NVI), Techniek Nederland, Ministry of the
Interior and Kingdom Relations (BZK), Ministry of Economic Affairs and Climate Policy (EZK), and
Netherlands Enterprise Agency (RVO). The universities of Utrecht and Twente are also participating
in the project.

At the moment, the results of 120 homes with appliances from various brands have been analyzed.
With this, enough data is collected to draw the first conclusions. Extensive measurements show a
reduction in the energy consumption achieved by the hybrid system. For example, it is now possible
to determine the consequences for gas consumption, CO2 emissions, and energy costs without
assumptions.


https://www.installatiemonitor.nl/eindrapportage-installatiemonitor-2/

The ongoing project has already yielded some important conclusions:

e The participating homes had an average gas consumption of 1850 m? over the two years
prior to the project.

¢ By installing the hybrid system, the average gas consumption has been reduced by 75 % to
475 m3.

e To achieve these savings, the homes used an average of 2360 kWh of extra electricity per
home.

e This results in annual savings of almost 1000 EUR per home. The energy tariffs were applied
according to the price cap: 1.45 EUR for 1 m?® of gas and 0.40 EUR for 1 kWh. Calculated
with the market average rates (May 2023), the savings are 1250 EUR per year. With the
expectation that energy prices will rise in the future, the savings for the residents will increase,
and the payback period will decrease further.

Read more about the project: demoprojecthybride.nl/#:~:text=Het project levert nu al enkele
belangrijke conclusies,bijna 1000 euro per woning. ... Meer items



https://www.demoprojecthybride.nl/#:~:text=Het%20project%20levert%20nu%20al%20enkele%20belangrijke%20conclusies,bijna%201000%20euro%20per%20woning.%20...%20Meer%20items
https://www.demoprojecthybride.nl/#:~:text=Het%20project%20levert%20nu%20al%20enkele%20belangrijke%20conclusies,bijna%201000%20euro%20per%20woning.%20...%20Meer%20items

3. Conclusion

In general, heat pumps can provide flexibility services. It is important to understand that the flexibility
potential can be distinguished in ‘capacity’ and in ‘time length’.

Flexibility is possible to create with individual heat pumps, hybrid heat pumps, and heat pumps in
district heating systems.

Regarding heat pumps in district heating systems is it shown in the projects that it is possible for heat
pumps to react into the ancillary service market, both the mFRR and the aFRR market.

The combination of a heat pump and an electrical boiler gives certain advantages regarding reaction
time and capacity. Biomass boilers are great when long periods with high electricity prices occur, for
example, during periods of two weeks with ho wind.

The storage with a weekly capacity increases the flexibility of the plant.
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