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Introduction
This insight paper summarises ABC’s programme to date of testing the performance 
of domestic heat pumps for space heating. It includes an assessment of commercially 
available heat pumps, and the development of thermal modelling of CO2 heat pumps 
and their building application, including the application of thermal storage.  The paper 
also describes how heat pump design incorporating new technology to increase 
performance efficiency can be tested using ABC’s laboratory testing facility.

Context
Heat pumps are a crucial technology for the decarbonisation of heating buildings. 
Their popularity is increasing in the UK and is integral to low- and zero-carbon 
solutions for both new and existing buildings. They can collect heat from one medium 
and transfer it to another. In heating mode, heat can be collected from a relatively 
cool medium, such as the ground, the outside air, or water, and used to increase air or 
water temperature, which can then be used for space and domestic hot water heating.

Heat pumps work through the thermodynamic cycle of compression and  
expansion of a refrigerant gas which has a boiling point well below ambient 
temperature. The energy used to operate the compressor and associated pumps  
and fans is considerably less than the heat energy delivered by the system. The ratio  
of the heat energy gained to the electrical energy used is referred to as the 
coefficient of performance (COP), which may typically range between 2 and 3 
depending on operating conditions. This means that every 1 kW of electricity will 
generate 2 to 3 kW of heat. Heat pump performance and its COP are mainly affected 
by the ambient source temperature (i.e. the ground, air or water temperature)  
and the heat demand load on the system. 

Heat pumps are now being promoted by the UK government for both new-build 
and retrofit housing. The Climate Change Committee has recommended that all 
new-build houses be ‘all-electric’ by 2025.i This should be easily achieved as new 
housing has a relatively low heat loss compared to older housing, although the 
demand for domestic hot water (DHW) needs to be considered as this becomes a 
larger proportion of the overall house heating demand and requires relatively high 
temperatures. Larger capacity heat pumps delivering higher water temperatures are 
required for existing housing energy retrofits. In the past, the output temperatures of 
domestic heat pumps were a limitation, with the highest water supply temperatures 

around 45 to 55ºC using different refrigerants. Using CO2 as a refrigerant can  
provide higher supply temperatures, but in the domestic market, CO2 heat pump  
sizes are typically limited to around 4 kW, making them less suitable for older 
buildings and DHW production. 

Heat pump options differ between new housing and existing housing. New houses 
are more energy efficient and need less heat to maintain comfortable indoor 
temperatures. Heat pump sizes can therefore be lower in relation to space heating, 
and hot water supply temperatures can also be lower to deliver heat through both 
air and water systems. For existing buildings heat pumps may be used to replace 
existing gas or oil heating systems. Because supply water temperatures are generally 
lower, radiator sizes may need to be increased proportionally or direct electric 
may be used to top up the supply temperatures. Alternatively, heat pumps may be 
used in combination with gas or oil boilers in a ‘hybrid’ configuration, supplying heat 
in milder weather. Domestic CO2 heat pumps are now being developed at higher 
capacities and higher supply temperatures, with relatively high COPs and acceptable 
dimensions, making them more suitable for use in older housing and DHW heating 
where they can then directly replace gas or oil boilers. However, they are not yet 
available on the UK market.

Heat pumps may be of two different forms.  A mono-block system is a single unit 
located inside the house that brings ambient air in from the outside and exhausts 
the air back to the outside after extracting heat from it. This is different from the more 
common split system which extracts heat from the ambient air via an external unit which 
is then transferred by a refrigerant to the evaporator located in the house and that 
heats up water or air to heat the space and DHW. When heat pumps are used for DHW, 
supply temperatures need to be around 70ºC. Some heat pumps can achieve this 
level of supply temperature, or in some cases a direct electric top-up is needed.  
If a single heat pump is used for both space heating and DHW, usually DHW is 
prioritised, and there will be a recovery time which may affect the ability to provide 
sufficient space heating. One option to improve performance is to combine a heat 
pump with heat storage − using water or a phase change material − which can be 
used with space heating, DHW or combined systems. The refrigerant gasses used in 
heat pumps have in the past had an impact on climate change and ozone depletion. 
New refrigerants such as R32 and carbon dioxide have low to zero impact and can 
potentially deliver water at higher temperatures and with a relatively high COP.

https://www.theccc.org.uk/
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Electricity CO2 emission factors are continually being reduced due to an  
increased renewable energy supply to the grid. They are now lower than those for 
gas (0.136 kgCO2/kWh for electricity compared to 0.210 kgCO2/kWh for gas),ii 
although electricity costs remain higher than for gas. This means that heat pumps 
powered from the grid are increasingly beneficial in terms of reducing overall  
CO2 emissions. They also lend themselves to be powered by renewable electricity 
generated at the building.There is still a range of performance issues that need  
to be addressed:

• COPs for higher-delivery temperatures, especially for older,  
poorly insulated houses

• space requirements for both mono-block systems and split-units,  
and thermal energy storage 

• split systems where the outdoor equipment generates fan noise 

• relatively high capital costs 

• shortage of trained installers and technicians. 

Project aims
The work reported here is the part of ABC’s heat pumps research and development 
programme which aims to

• investigate technologies for improving the efficiency of heat pumps performance

• measure heat pumps COPs and use building energy modelling to assess their 
operational performance combined with a range of thermal buffer sizes

• recommend further work relating to heat pump design  
and operational improvements. 

Performance tests
The performance testing used facilities based in ABC’s laboratories with subcontracted 
work at Brunel University, London.

Brunel University

Building energy modelling

A building energy model using TRNSYS (Transient System Simulation Tool) was 
constructed for a four-bedroom semi-detached house, and the energy demand  
was modelled to produce hourly values of thermal loads for each room  
(see Figure 1).   The house represented a typical existing house with wall, roof, 
window and floor U-values of 0.33, 0.17, 1.4 and 1.6 W/m2K respectively. 

The system used two storage tanks, one for domestic hot water (DHW) and the other 
for space heating. The capacity of the DHW was chosen as 200 L. Three different sizes 
were considered for the space heating of 300, 600 and 900 L for a range of heat pump 
sizes (i.e. 4.5 kW, 6.75 kW and 9.0 kW).  COP values based on the varying thermal 
demand and ambient temperature were used to assess seasonal energy use. A thermal 
buffer is able to stabilise the heat pump’s thermal load and improve its operating COP. 
Results are presented in Figure 2. The 4.5 kW heat pump struggled to maintain comfort 
at low ambient temperatures, even with a large storage tank. The 6.75 kW heat pump 
performed better, whilst the 9.0 kW heat pump could maintain comfort conditions with 
all storage tank sizes down to 0ºC ambient temperature.

For typical existing housing retrofit, the simulation identified the need for a  
9 kW heat pump capable of delivering high-supply temperatures up to 80ºC,  
with a relatively high COP.

Figure 1. The 4-bedroom semi-detached house modelled: schematic of heating system
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Figure 2. Indoor and external temperatures for varying-size heat pumps and buffer storage

CO2 heat pump development

CO2 heat pumps are available for domestic applications in the UK but their thermal 
output is limited to around 4.0 kWth. Two heat pumps were used to establish their 
performance, gain insights into their control and establish a benchmark for the 
development of larger capacity heat pump. 

Test facilities at Brunel include four environmental chambers that can control their 
temperature between 0ºC and 40ºC and relative humidity between 30 and 90%.  
For the testing, one of the chambers was used for the control of the ambient 
temperature on the evaporator coil of the heat pump to simulate external weather 
conditions, and a second chamber to simulate indoor conditions and thus provide  
a thermal load on the heat pump (Figure 3).

Figure 3. Test facilities and test arrangement

The first CO2 heat pump tested (Sanden) was a ‘mono-block’ system. The heat pump 
is designed for an indoor or covered installation with ducting to transfer air from the 
outside to the heat pump evaporator and a second duct to exhaust the air from the 
evaporator to the ambient.  A buffer water tank for space heating and domestic hot 
water was combined with the heat pump, providing water at 63ºC. The thermal load 
was provided by radiators in a chamber whose temperature was controlled  
to provide sufficient heat rejection from the radiators to the air. In this case,  
the supply temperature was relatively low for a traditional radiator system and so 
larger radiators may be needed. Also, some top-up heat using direct electric may 
be needed for the DHW storage (a temperature of 70ºC is required once a week to 
eliminate the risk of legionella).

The stand-alone performance of the heat pump is presented in Figure 4.  
The maximum COP is around 3.4, corresponding to low water return temperatures 
and high external air temperatures (20ºC). It drops to just over 1.5 for high 
return water temperatures and low external air temperatures. The COP increases 
with increasing ambient temperature, due to the increase in the evaporating 
temperature, and decrease in the compressor power consumption, due to a 
decrease in the pressure ratio across the compressor.  The COP decreases with 
increasing water inlet temperature due to the increase in the gas cooler temperature 
and pressure which leads to a reduction in the heat absorbed by the heat pump in 
the evaporator and an increase in compressor power. 
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Figure 4. Variation of COP of heat pump with water inlet temperatures for different  
ambient temperatures

The second CO2 heat pump tested (Mitsubishi) was also a ‘mono-block’ system with 
a design heat output of approximately 4 kW. It uses a 200 L hot water storage tank 
to satisfy the domestic hot water requirements. The heat pump supplies hot water at 
55ºC for space heating and domestic hot water (Figure 5). The temperature can be 
increased close to 70ºC through an in-line electric heater before it is supplied to the 
storage tank or the radiators. The hot water from the top of the tank is then passed 
through a plate heat exchanger to supply heat to the domestic hot water taps. 

Figure 5. Schematic diagram of HP2 layout for space heating and hot water  
(Courtesy: Mitsubishi Electric)

Figure 6 shows the variation of COP with return water temperature and ambient 
temperature. The COP increases with return water temperature as the temperature 
difference between water in and water out reduces and the heat output reduces. 
Water is drawn from the bottom of the thermal store at a much lower temperature 
and is mixed with water returning from the radiators before it returns to the heat 
pump, reducing the return temperature and increasing COP. The control system of 
the heat pump gives priority to domestic hot water and can control the hot water 
set-point in the tank and the supply to the radiators. COPs are lower than for the 
previous heat pump tested.

Figure 6. Variation of the coefficient of performance of HP2 with increasing return water for three 
ambient temperature conditions and a fixed delivery temperature of 63ºC

To summarise the work on the two 4 kW CO2 heat pumps, the water temperature 
delivery is limited to 55ºC and 63−65ºC, with electric heaters used to boost the 
heat delivery to 70ºC, particularly for domestic hot water purposes. An important 
performance parameter is the return water temperature to the heat pump which 
should be as low as possible for a fixed delivery temperature to increase the heat 
rejection rate and maximise COP. Increasing ambient temperature increases the 
performance of the heat pump. These smaller heat pumps are particularly suited to 
new build low to zero carbon houses.
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Development of a 9 kW heat pump

The results from the modelling above were used to inform the development of a 9 kW 
mono-block, two-stage CO2 heat pump. Using CO2 as the refrigerant has advantages: 

• it can operate at a relatively high COP of 3 to 4 with a seasonal COP between 2.5 to 3  

• it can deliver hot water up between 70 to 90ºC with optimal COPs at around 70ºC, 
which is sufficient for space and domestic hot water heating

• it is compact in size, potentially occupying the same heating space as a domestic 
gas boiler, and the target cost should be within 25% higher than a gas boiler 

• it is an environmentally friendly refrigerant. 

The main disadvantage of using CO2 is that it needs to operate at a relatively high 
pressure, but this is not considered a major problem in relation to both operation and 
maintenance.  The heat pump was tested with and without an Internal Heat Exchanger 
(IHX) which can improve its performance. 

Alongside the heat pump development, a phase change material (PCM) thermal 
energy storage system was developed to improve the heat pump’s efficiency and to 
provide a much more compact storage system compared to hot water storage.  

The COP of the 9 kW heat pump is presented in Figure 7 with and without the IHX,  
for a supply water temperature of 60ºC and an ambient air temperature of 8ºC.  
It can be seen that, for the conditions tested, the use of IHX leads to a COP of around 
11% higher for a water return temperature of 20ºC and 5% higher at a return water 
temperature of 38ºC. Even though the results indicate that the use of IHX can improve 
the performance of CO2 heat pumps, a limiting factor is the compressor discharge 
temperature, which may impact negatively on the longevity of the compressor,  
which may favour the WIOHX option.

The heat pump developed has been shown to be able to deliver hot water 
temperatures up to 80ºC without the use of electric heaters (Figure 8). The heat pump 
delivers more than double the heat output of the smaller commercially available 
domestic CO2 heat pumps, which makes it suitable for less well insulated or larger 
domestic dwellings.  The COP of the heat pump is slightly lower compared to the 
two smaller CO2 heat pumps tested, although the water supply temperatures are 
considerably higher at 80ºC compared to around 60ºC. The COP is around 2.45 for a 
water supply temperature of 70ºC which would be suitable for an older house.

 
Figure 7. Variation of COP with return water temperature with and without Internal Heat Exchanger

 

Figure 8. Variation of thermal power with supply water temperature at constant ambient temperature 

The performance of the heat pump can be further improved by reducing heat 
losses from the system through improved insulation, optimising inter-stage pressure 
between the two compressor stages and implementing automatic compressor speed 
control to optimise delivery temperature for space heating and domestic hot water.
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Thermal energy storage technologies

Thermal storage can be used to improve the performance of a heat pump. The most 
common thermal storage medium is water, using

• two separate tanks, a larger one to serve space heating needs and a smaller one to 
serve the domestic hot water needs 

• a single tank to serve both space heating and domestic hot water needs and

• a single tank to serve only domestic hot water needs with the space heating needs 
satisfied directly by the heat pump.

Phase Change Materials (PCMs) that utilise the latent heat of the material to store energy 
can significantly reduce the size of the store for the same thermal storage capacity. 
However, PCM storage is not commonly used in domestic thermal storage applications 
due to its higher cost compared to hot-water storage and the unfamiliarity of potential 
specifiers and users of the technology. A PCM ‘thermal battery’ would provide hot 
water temperatures in the range 45−55ºC which were too low for this CO2 heat pump 
development project. The aim was therefore to develop a higher-temperature PCM 
storage system to provide storage temperature in the range 70−80ºC. 

The first version of the PCM storage system was based on a ‘bare’ copper tube coil in 
a rectangular shell arrangement as shown in Figure 9. The inner dimensions of the shell 
were 360×500×740 mm which could accommodate 100 kg of phase change material. 
The system incorporated two serpentine coils for separate/simultaneous charging 
and discharging of the thermal store. The mild steel shell was insulated with 40 mm 
thick phenolic foam to reduce ambient heat loss. For testing purposes, the charging 
pipe was connected to a hot water storage tank with an electric heater to control the 
temperature in the tank and the flow temperature to the PCM store during charging.  
It provided around 6.8 kWh of thermal storage with 1.29kWh of sensible storage 
(sensible heat from 70℃ to 90℃). To evaluate the performance of the storage system,  
several thermocouples were installed to measure the temperature of the PCM at 
different locations in the tank and the temperature of the water at inlet and outlet of 
the tank during charging and discharging.

Figure 9.  Heat transfer coil and storage tank with coil inserted in the tank and phase change 
material 

Mathematical and CFD modelling were used to investigate the performance of the 
storage system and compare this with experimental results for model validation 
(Figure 10). The validated model could then be used for design optimisation of the 
storage system without the need for extensive testing. The results of the modelling 
and experimental data showed that the storage system would require nearly 10 hours 
to fully charge from empty, which is too long.

Figure 10.  Comparison of simulation and experimental results of average temperature in the 
storage tank during charging
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Based on the learnings from the modelling and testing of the first version of the PCM 
storage system, a second version was designed to provide increased heat transfer 
rate to achieve a charging period in the region of 4.0 hours. A decision was also made 
to reduce the storage temperature to 70ºC compared to 80ºC to enable the heat 
pump to operate more efficiently and use a PCM with higher latent heat capacity.  
The heat exchanger in the tank consisted of eight finned coils with four coils 
arranged for charging the PCM and the other four for discharging. The performance 
characteristics of the phase change store are presented in Figure 11 for three water 
flowrates of 90 g/s, 140 g/s and 170 g/s. For a flowrate of 170 g/s, the storage tank  
will be discharged completely after approximately 60 minutes.

In summary, the use of thermal storage with domestic heat pumps is helpful to maintain 
comfort in the home. Two-phase energy storage using phase change materials offers 
the potential to reduce storage volumes significantly compared to hot-water storage. 
For the temperature range considered in this project, the PCM storage reduces the 
storage volume by 50%. The thermal conductivity of PCMs is relatively low and careful 
consideration should be given to their design in relation to the time required for 
‘charging’ and ‘discharging’ of the store. 

Modelling and tests with a first PCM storage design demonstrated that the models 
developed can predict reasonably accurately the behaviour of the PCM storage 
system, identifying long charging periods for the store of around 10 hours.  
The second-version PCM store design had a greater heat transfer area through the 
use of finned tubes, reducing the charging period to between 3 and 4 hours. The 
charging and discharging times can also be reduced using higher water-flow rates 
in the heat exchanger coil in the storage tank.  Thermal storage temperature is also 
an important consideration for both space heating and domestic hot water storage 
which should be selected based on the heat pump heat delivery temperature as 
well as the heat distribution system in the home. 

 
Figure 11. Performance characteristics of phase change store
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ABC Environmental Chamber

The ABC Environmental TAS Chamber (Figure 12) is part of a heat pump centre of 
excellence that can provide a temperature-controlled environment ranging from 
-20ºC to +30ºC and a Relative Humidity range between 50% and 100%. It can be 
used to test heat pump performance for a standard range of ambient conditions  
(BS EN 14511-2, 2018),iii  which requires ambient test conditions between -15ºC to 
+12ºC. The ABC programme of work was developed to evaluate different ASHPs  
(air source heat pumps) available in the market and establish their operating COP 
based on a UK home’s typical climate and heat load demand.

Figure 12. The ABC Environmental TAS Chamber

Samsung heat pump

A Samsung air source heat pump was tested for a load of 4.8 kW at two supply 
temperatures (47ºC and 57ºC) for ambient temperatures ranging between 0ºC  
and 17ºC (Figure 13). The COP was measured to be consistently higher for the  
lower-supply temperature (i.e. 47ºC), between 2.4 and 4.1, compared to the  
higher-supply temperature (i.e. 57ºC), between 1.8 and 3.2.  Figure 14 presents  
the results for variations in ambient temperature and two different mass flows,  
indicating a relatively higher COP for a lower mass flow.

Tests were also carried out for different return temperatures, corresponding to different 
loads, for a constant ambient temperature of -0.5ºC (Figure 15). The COP varies from 
2.67 for low return temperatures to 2.5 for higher return temperatures. Heat pump 
performance is increased for lower return temperatures, that is, higher thermal loads.

Figure 13. Results of Samsung air source heat pump tests with different water supply temperatures

Figure 14.  Results of Samsung air source heat pump tests with different mass flow rates
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Figure 15. Results of Samsung air source heat pump tests

Further developments

Raising the ambient air temperature supply to a heat pump can potentially increase 
its COP. A heat pump system was assembled for testing in the Chamber (Figure 16) 
with a preheat coil for heating the ambient air. The design uses a single compressor 
to pass refrigerant across the evaporator fan exchanger to gain heat from the air. 
This heat is passed across a refrigerant to a water heat exchanger and fed to heat 
sources in a property. 

Figure 16. Low-temperature system (400 v, 17.4A, Compressor: 230 v, 0.8A,  
Fan Assembly: 400 v, 6A; Defrost: 2 KG R32)

A two-stage compressor system, using two compressors, can potentially result in 
a more efficient means of producing high-temperature hot water. The heat pump 
in Figure 17 uses a low-pressure compressor output to pass refrigerant across 
the evaporator fan exchanger to gain heat from the air. This is also passed across 
a refrigerant to the refrigerant heat exchanger for the secondary compressor 
circuit. Doing so reduces the system pressure requiring less work on the secondary 
compressor and increasing water temperature.  

Figure 17. High temperature ‘Cascade’ system (400v, 10.4A; Compressor: 400v, 17.4A; 
Compressor: 230v, 1.5A; Fan Assembly: 400v, 7A; Defrost: Low Pressure side. 3.5KG R513a;  
High Pressure side. 1.5KG R404a) 

Heat pump testing in demonstration houses

A range of heat pump systems were tested in the demonstration Park House located at 
Berkeley. Each test lasted about three days. The monitoring of the house performance 
used the SOLAR EDGE platform for collecting and storing data. The results are 
presented relating to: 

• heat pump performance, without and with thermal storage buffer (900 L)

• different heat emitter configurations, namely, underfloor, low-temperature  
(large radiators) and high-temperature (smaller radiators) heat emitters.
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Heat pump performance

Several heat pump configurations were tested to determine the COP performance for 
varying ambient conditions. Table 1 presents the manufacturers’ performance details 
for the three heat pumps used in the tests.

Table 1. Manufacturers’ information on COP performance

Figure 18 presents the data for the three types of heat emitters with and without 
the thermal buffer. The average delivery temperature was around 47ºC for both 
systems, with a range of ambient temperatures from 2 to 17ºC. There was a clear 
difference in performance, with the thermal buffer resulting in higher COPs across 
all systems for low to high ambient temperatures. The median COP values are 
presented in Figure 19. Figure 20 presents data for the three heat pump systems.  
The average COP values are presented in Table 2. Compared to manufacturers 
values for COP, which vary between 3.23 and 4.51 for delivery temperatures 35  
and 55oC and a controlled ambient temperature of 7ºC, the average measured 
values are below manufacturers stated values.

Figure 21 summarises the data relating to achieving set indoor temperatures.   
For some tests, set indoor temperatures were not achieved. The underfloor system 
had the most difficulty in achieving set temperatures.

The control of a heat pump has an impact on its performance. The advantage of using 
a thermal buffer is that it provides a more stable load. This is illustrated in Figures 
22 and 23 for heat pumps with and without buffer respectively. These graphs also 
demonstrate the level of detail in the data that can be considered in future tests.

Figure 18. COP values with and without buffer for different delivery

Underfloor Low temperature High temperature
Without buffer 3.15 +/- 0.54 2.72 +/- 0.34 2.51 +/- 0.37
With buffer 3.11 +/- 0.42 3.22 +/- 0.59 2.97 +/- 0.26

HP1Daikin HP2Samsung HP3Solar
Without buffer 2.85 +/- 0.43 2.66 +/- 0.45 2.97 +/- 0.61
With buffer 3.35 +/- 0.49 3.35 +/- 0.49 2.89 +/- 0.27

 
Table 2. Average measured COP values compared for an ambient temperature of 7ºC

Figure 19. COP values for different emitters and without (0) and with buffer storage (1)
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Figure 20. COP values without (0) and with (1) buffer for different heat pumps

Figure 21. Data relating to achieving set indoor temperatures

Figure 22. With buffer

Figure 23. Without buffer
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Summary of insights gained
The following is a list of insights gained during this study:

• Heat pump performance can vary significantly with ambient and load conditions 
and may be below manufacturers’ stated values.

• Using CO2 heat pumps, there is the potential to produce high-temperature water 
for a relatively high COP performance. 

• Higher capacity (9 kW) CO2 heat pumps are suitable for replacing gas and oil 
heating systems as part of an energy retrofit for the existing housing stock.  
They have the potential for supplying higher-temperature water for a relatively 
high COP and do not require in-line electric heaters. Smaller systems (4 kW)  
would be suitable for new-build housing. 

• Connecting a heat pump to a thermal buffer can raise its COP by providing a  
more stable load.

• Preheating the air for an air source heat pump can raise its COP. The source of 
preheat could come from an additional heat pump system or a sustainable source 
such as renewables or waste heat.

i.  Committee on Climate Change (2019) UK Housing: Fit for the Future? London: Committee on Climate Change.

ii.  Building Research Establishment (2022) Standard Assessment Procedure Version 10. London: Department for Business Energy & Industrial Strategy (BEIS).

iii.  British Standards Institution (BSI) (2018) BS EN 14511-2 Air Conditioners, Liquid Chilling Packages and Heat Pumps for Space Heating and Cooling and Process Chillers, with Electrically Driven 
Compressors. Part 2: Test Conditions. London: BSI. 

Further work
Following on from the results of the ABC-commissioned study, further work 
could be conducted, for example by using the data collected during the study 
to establish a building physics/configurator database as a simplified means of 
estimating seasonal COPs in relation to type of heat pump and the space and 
domestic hot water load demands. 

The tools developed and learnings from the project can also be used to develop 
more efficient heat pump designs using CO2 as the refrigerant. This could include 
designs that raise the ambient temperature to the heat pump and using a  
two-stage compressor system. Such systems have already been assembled  
at ABC but not yet tested.

The facilities developed by ABC and Brunel could a be used to further investigate 
intelligent control systems for improving the operating performance of CO2 heat 
pumps combined with thermal storage systems including high temperature phase 
change storage. Moreover, the investigation of optimum heat pump/storage system 
configurations for different domestic dwellings sizes and types can be used to further 
develop water and phase change storage systems.

Further tests could be designed to investigate air-to-air heat pump systems suitable 
for application to new (energy positive) housing to deliver heat through the 
ventilation system. This needs a holistic approach combining low energy design  
with solar PV and battery storage. A twin heat pump approach may provide separate 
space heating and domestic hot water heating. This may be based at  
ABC’s demonstration Hatch House.

Facilities at ABC, including the heat pump centre and demonstration houses,  
offer an excellent ‘laboratory’ for developing and testing future heat pumps for  
both existing and new housing.1 


