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Executive summary 

What are air-to-air (A2A) heat pumps? 

A2A heat pumps – often known as air conditioning (AC) – are electric systems 
capable of both heating and cooling. When heating, they extract heat from 
outdoor air and deliver it into the home; when cooling they do the opposite. 

While both A2A and air-to-water (A2W) heat pumps capture heat using a 
refrigerant, they distribute it around a property differently. A2W systems transfer heat 
to water, which then circulates through radiators or underfloor piping. A2A systems 
bypass water entirely. 

With A2A, the refrigerant is pumped directly into the home and heat is emitted into 
rooms through fan-assisted heat exchangers. These can be thought of as very 
powerful, compact radiators. These indoor units can be wall or ceiling mounted and 
are more sophisticated than a typical radiator. They feature internal sensors and 
controls that allow for precise, independent temperature control in each room. 

As discussed below, A2A heat pumps can provide homeowners with an additional 
option for decarbonising home heating, alongside A2W systems. They are 
particularly advantageous in overcoming challenges with, or barriers to, A2W 
installations for certain property types, contexts and occupancy patterns across the 
UK. 

Key findings 

A2A heat pumps have wide applicability 

A2A systems should be considered an equally viable decarbonisation option as A2W 
systems for almost all UK homes. Our findings suggest that households are satisfied 
with the comfort these systems provide. Furthermore, installation is typically faster 
and less disruptive than A2W, while costs are comparable or lower depending on 
the property type.  
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Although real-world data on system efficiency is lacking, A2A systems are likely to be 
comparable in efficiency to A2W systems. This assumes they are used in the same 
continuous heating pattern and combined with sufficiently sized internal heads to 
maximise emitter area. 

Advantageous properties 

A2A systems offer advantages over A2W systems in certain contexts. These include 
properties with overheating issues, flats, smaller homes and properties without 
existing wet heating systems. They are also well-suited to homes that would otherwise 
require major pipework upgrades. In these instances, A2A heat pumps can be 
cheaper, less disruptive and quicker to install. 

They are particularly advantageous in open-plan properties. This layout allows heat 
to circulate more freely than in homes divided into many rooms. Consequently, 
fewer indoor units are required to meet the home's heat demand, which cuts 
installation costs and complexity. 

Furthermore, A2A systems typically require less space for indoor components 
compared to A2W systems. This helps to overcome physical constraints that can 
make A2W systems impractical in some properties. 

Heating pattern flexibility 

A limitation of A2W systems is that when operating intermittently, the water in the 
radiators and pipes cools down. Reheating this thermal mass takes time, which 
delays heat delivery and reduces system responsiveness. This contrasts with A2A 
systems, which can provide high heat within minutes of being switched on. 

Therefore, A2A systems offer greater flexibility in heating patterns. While it is 
acknowledged that both system types achieve optimal efficiency and comfort 
when run in a continuous, ‘low and slow’ heating pattern, the penalty for operating 
A2A systems intermittently appears to be less severe. However, this depends on 
system design and operation. 

Consequently, A2A systems are likely better suited to homes that heat intermittently 
or which are zoned or partially heated (where heating is only turned on when 
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desired and heat only certain rooms). This approach avoids the comfort and cost 
penalties associated with running A2W intermittently, though it introduces different 
challenges such as noise and air movement.  

This flexibility makes A2A useful for homes that are often empty, households that 
mainly use a single room, or those looking to manage energy costs closely. A2A can 
support zoned and intermittent heating as each indoor unit can independently 
adjust its output and fan speed to match the heating requirements of each room. 

A high fan speed on an A2A internal head is analogous to temporarily increasing the 
radiator size in an A2W system. It allows the unit to heat a room quickly while 
avoiding high refrigerant condensing temperatures – which are comparable to an 
A2W system’s flow temperature. This theoretically allows an A2A system to provide 
rapid heating without the efficiency penalty often seen in A2W systems. 

However, higher fan speeds come with increased noise and air movement. These 
trade-offs may be unacceptable to some households and must be communicated 
clearly before installation. 

Furthermore, additional research is needed to determine the interplay between 
efficiency reductions from intermittent use versus the energy savings gained from not 
heating unoccupied spaces. 

We note that some of the efficiency penalties associated with intermittent heat and 
A2W systems can be considered a control issue, rather than something intrinsic to 
the technology. There are A2W solutions that facilitate intermittent and partial 
heating, such as Adia Thermal; however, third party controls add an additional cost 
and complexity.  

A stronger incentive for domestic heat decarbonisation 

Although A2W heat pumps are a compelling solution for many homes, homeowners 
may not perceive them as offering sufficient benefits relative to the installation cost. 
This can make it difficult to persuade homeowners to replace their fossil fuel systems. 

In contrast, A2A heat pumps can offer cooling, dehumidification and air 
filtration/purification alongside heating – creating a tangible upgrade over their 
previous system and solving comfort issues. This creates a more natural incentive for 
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decarbonisation. Our research found that cooling was a key factor in many 
homeowners' decision to install an A2A system. 

Installer interviews revealed that most clients install A2A primarily for cooling, with 
many unaware that the systems can also heat. 

This presents a significant opportunity. As interest in active cooling grows, raising 
awareness of A2A's heating capabilities could encourage homeowners to use their 
systems year-round. Furthermore, it could drive the installation of systems explicitly 
designed for whole-home heating, or those that are easily expandable for future 
use. 

Domestic A2A systems don’t need complex commissioning 

A2W installations require careful commissioning for optimal efficiency. This includes 
balancing radiators, selecting correct radiator sizes, setting weather compensation 
curves and configuring hot water temperatures. While competent heating engineers 
handle this well, some installers can make mistakes that dramatically reduce system 
efficiency. This risk is particularly relevant as the A2W installer workforce needs to 
grow rapidly to meet UK government targets, bringing in less experienced entrants. 

With A2A systems this risk is minimised. A2A systems are 'load compensated' rather 
than 'weather compensated'. This means each internal head monitors its room 
temperature directly and adjusts heat output accordingly. This contrasts with the 
weather compensation that A2W systems use, which adjusts heat output based on 
outdoor temperature. 

As A2A units adjust their output in real time based on room temperature, they can 
operate efficiently without complex manual configuration. Provided the system is 
sized correctly and sufficient indoor units are active, selecting the automatic fan 
speed allows the system to behave effectively like a well-commissioned A2W unit. 

In contrast, A2W systems require an engineer to set, and potentially refine, weather 
compensation curves to determine how heat output varies with outdoor 
temperature. Consequently, commissioning errors can compound and significantly 
reduce efficiency. With A2A heat pumps, this specific risk is largely eliminated. 
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A2W heat pump commissioning will likely simplify over time as automatic weather 
compensation becomes standard. However, most current systems do not 
self-optimise, and while third-party solutions exist, they cannot compensate for a 
poor installation. 

Current and upcoming challenges 

Despite the clear opportunity to use A2A heat pumps as a key technology in 
decarbonising home heating in the UK, the technology may face a few challenges 
in certain contexts and at scale. 

Challenging installation contexts 

Flats without outdoor space 

Although A2A systems are appealing for flats, currently most systems require outdoor 
space for the external unit. Therefore, systems are often only practical for flats with 
roof access, balconies or ground-floor outdoor space. External units cannot be 
mounted on walls at height or hung from windows. This means most A2A systems 
share a key limitation with A2W: they’re difficult to install in flats without suitable 
outdoor space. 

However, it is only relatively recently that consumer demand for A2A heating in UK 
flats has developed, as a consequence of government decarbonisation targets. 
Historically, the primary market for A2A systems has been for cooling, with 
manufacturers only having a small focus on the UK market due to the milder 
summers and prevalence of gas boilers for winter heating. We anticipate that 
manufacturers will continue to develop new A2A solutions that remove the need for 
external units, like exhaust air heat pumps do for A2W systems. In the future, we 
expect that the primary constraint for heat pump installations in flats will be internal 
space, rather than external mounting space. 

We note that until A2A heat pumps that don’t require an outdoor unit become mass 
market, other low-carbon heating solutions for flats will need to be considered. These 
include communal heating and heat networks. These will likely be preferable for high 
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rise structures; however, these solutions come with their own issues, such as the 
requirement for a heat network licence. 

Properties that require planning, and other, permissions 

Properties that might be well suited to A2A systems may also face barriers with 
planning or other permissions. For example, current planning rules only allow for one 
external heat pump unit per building, or two if the building is detached. This means 
once one or two heat pumps are installed in a block of flats, further installations will 
require planning permission. 

This also has an impact on other property types. Many consumer scale A2A 
installations are more suited to multiple external heat pump units, where a similarly 
powered A2W installation might only require one unit. This is because two or more 
outdoor A2A heat pump units can simplify routing, length and complexity of 
pipework needed as part of an installation. This means those wanting to install an 
A2A system may face additional planning constraints versus those installing A2W. This 
issue is not so pronounced for commercial systems which use a different pipe routing 
method – these won’t be detailed in this report. 

Finally, those living in flats may also face other permission challenges, such as 
freeholder or leaseholder consent. The Leasehold and Freehold Reform Act 2024 
provides an opportunity to try and reduce heat pump installation challenges 
associated with freeholder consent. 

Homeowners are keeping their gas boilers 

A challenge for A2A as a decarbonisation policy is that many homeowners with A2A 
systems retain their fossil fuel boilers for hot water, partial space heating and to 
preserve perceived property resale value. Some intend to fully decarbonise only 
once their existing boiler fails, while others lack knowledge of suitable replacement 
options, funds or internal space for a hot water cylinder. Consequently, many homes 
with A2A systems continue to burn fossil fuels for hot water, which typically accounts 
for 20%–25% of a home's annual gas usage. 

A home on mains gas typically uses around 75% of its annual consumption for space 
heating. Displacing this gas usage by installing an A2A system may allow 
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homeowners who are unwilling or unlikely to fully remove gas in the near future to 
immediately reduce their direct carbon emissions by approximately 75%, with hot 
water provision decarbonised in the future.  

This is compelling because replacing a broken boiler used only for hot water might 
feel as straightforward as replacing it with another gas boiler, increasing the 
likelihood homeowners will take the final step to full decarbonisation when ready. As 
most A2A systems naturally separate space heating and hot water provision, it 
enables replacing a gas boiler with an electrified alternative simpler and cheaper 
than for many hybrid A2W configurations. 

As the technology progresses, more options for zero-carbon hot water solutions will 
become available. Consequently the transition to electrified hot water solutions will 
increase and the proportion of homes retaining gas boilers will decrease.  

The added cost of hot water provision 

Most current A2A systems don’t provide hot water and adding hot water provision is 
an additional cost. After Boiler Upgrade Scheme (BUS) grants are accounted for, 
A2A systems with hot water provision are comparable in cost, or more expensive, 
than most A2W systems with hot water. 

The UK government's planned £2,500 grant for A2A systems and heat batteries under 
the BUS will help mitigate cost disparities between A2A and A2W heat pumps in 
England and Wales. However, the grant should be widened in scope to include 
other domestic hot water supply options when used alongside an A2A system, such 
as hot water heat pump cylinders, tariff-tracking immersion heaters, and emerging 
technologies. This would allow homeowners to fully decarbonise their homes in a 
way that's both affordable and suited to their individual circumstances. 

Workforce capacity 

There is a shortage of qualified heating, ventilation and air conditioning (HVAC) 
installers in both the commercial and domestic sectors. The capacity of this sector 
will need to grow to accommodate increasing homeowner demand for A2A heat 
pumps. 
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However, there are several challenges with growing this workforce in a short period. 
While anyone can undertake a five-day Category 1 F-Gas course, and achieve the 
legal qualification to handle refrigerants, the F-Gas course does not ensure 
competency in A2A system design, installation and maintenance.  

Building installation competency requires gaining hands-on experience, typically by 
working alongside a more experienced installer. This practical hands-on training can 
be enhanced with additional training courses, such as the Level 2 and 3 Diplomas in 
Refrigeration, Air Conditioning and Heat Pump Systems. These courses can be taken 
part time.  

It can be challenging for new entrants to find an experienced engineer to shadow, 
and experienced plumbing and heating engineers looking to upskill in A2A heat 
pump installation may be reluctant to accept the financial penalty of working 
alongside an HVAC engineer for a lower wage. Undertaking a part-time learning 
course will only add to both the cost and loss of income. 

It is therefore unlikely that the workforce can be easily and rapidly grown by simply 
expecting existing plumbing and heating engineers to transition, or those looking for 
a career change to move fields. 

This makes the landscape for upskilling into A2A heat pump installations similarly 
difficult as moving into A2W system installations. However, the cost of training in A2A 
systems may feel more worthwhile to heating engineers as it can provide a new 
income stream from customers who are looking to use their units for cooling over the 
summer months. The system design is also often simpler and more forgiving than A2W 
systems, something which can be off-putting to some when considering whether to 
move into A2W heat pump installation. It could also provide a more gradual 
transition than moving into A2W heat pump installation, where newly trained A2A 
installers can build skills and confidence with simple single-unit or single-room 
installations before expanding into more complex jobs covering the whole house. 

Future technologies, such as ‘all-in-one’ A2A systems which don’t require technical 
HVAC skills to install, may mitigate the requirement for upskilling and expand the 
workforce further. These systems require fewer specialist skills to install; however, 
maintenance, fault finding, and servicing will likely require additional training for an 
unskilled installer.  
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Grant-eligible installations 

In November 2025 the UK government announced A2A heat pumps would be 
eligible for a £2,500 grant under the BUS, available in England and Wales. Although 
this will raise public awareness of using this technology as a low-carbon heating 
solution and provide the support for installing it, it’s also likely to raise some new 
challenges. 

Some existing HVAC engineers are concerned that this grant will lead to a reduction 
in the quality of A2A heat pump installations. Some believe it could attract certain 
engineers to the sector who might not have enough installation experience, or who 
might be more focused on taking advantage of the increased customer demand 
and funding available than doing a high-quality job. 

To maintain the quality of installations, BUS-eligible installations will require 
Microgeneration Certification Scheme (MCS) certification. However this presents 
challenges of its own to HVAC engineers. MCS certification could increase both 
financial and administrative costs for installers as they’ll be required to complete 
additional paperwork and more detailed heat loss calculations than are currently 
completed. There’s a risk that this could increase both the engineer and homeowner 
cost of BUS-funded A2A installations. 

The additional financial and administrative costs of MCS certification, may lead to 
some installers avoiding BUS-funded installations. Coupled with the already 
low-capacity workforce, this could lead to a shortage of engineers able to 
complete government grant-funded installations. 

Uptake of BUS-funded A2A installations might also be reduced by system design 
limitations required by MCS. For example, although some homeowners choose to 
install an indoor unit in each room and use zoned heating, others may only install 
two indoor units for the whole home and keep internal doors open to create large 
open-plan spaces for continuous heating. The latter would likely be cheaper to 
install than the former, but would not pass MCS standards, which require that an 
indoor unit is placed in each room. This means those installing BUS-funded A2A 
systems may either be limited in their design options or be forced to install to a more 
expensive design specification. 
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Technological improvements for heating use 

A2A heat pumps have traditionally been designed primarily for cooling. This means 
there is potential for improving efficiency, comfort and overall performance of the 
technology for heating.  

For example, most indoor heads have the internal room temperature sensor situated 
inside of it. If these units are mounted high on the wall then there can be issues with 
rooms reaching the desired temperature during heating use. This is most likely to 
occur when units are used for intermittent heating or at low fan speeds with a high 
heat load. Operating in these ways causes less dense air to rise and stratify at the 
top of the room; as opposed to mixing with the cooler air at the floor level. The 
consequence is that the unit is surrounded by warm air, causing it to overestimate 
the average room temperature and shut off prematurely. 

Issues like this can be both easy and difficult to resolve. Some units can operate with 
external thermostats to read the room temperature away from the unit. Other units 
don’t suffer from these issues at all as their temperature sensors are shielded from 
warm incoming air.  

This is something that A2A heat pump manufacturers will need to address as their 
units are increasingly used as a primary heat source. 

Support for councils 

Retrofit coordinators for councils and social housing require guidance that positions 
A2A and A2W systems as equally valid decarbonisation options, accompanied by 
clear decision criteria. To date, training has focused predominantly on A2W systems; 
it is therefore essential to upskill advice providers and coordinators on A2A 
technology to ensure optimal heating solutions are selected. 

Training and resources should prompt coordinators to consider A2A in several 
specific scenarios: 

●​ Physical constraints: Properties with space for an external unit but limited 
indoor capacity for pipe runs, or insufficient wall space for the larger radiators 
required by A2W. 
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●​ Occupant needs: Homes that are heavily furnished or present hoarding 
challenges, where the disruption of installing a full wet heating system is 
impractical. Similarly, A2A offers a less intrusive option for vulnerable 
occupants unable to tolerate the duration of an A2W installation. 

●​ Cost and fabric: A2A installations are often cheaper than A2W. This cost 
saving can keep projects within affordability thresholds, even when extensive 
fabric measures – such as roof works to address cold bridging – are required 
alongside the heating upgrade. 

Councils and community groups are currently installing A2W heat pumps in 
intermittently occupied buildings – such as village halls, community centres, youth 
clubs and churches – for which they are often ill-suited. These spaces often require 
rapid responsiveness due to sporadic use. A2A systems are often superior in this 
context; they provide faster heat delivery, higher output with fewer indoor units and 
lower installation costs. Optimising large A2W systems for intermittent use poses 
significant technical challenges that incur high costs. 
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1. Introduction to the study 

The purpose of this study was to provide an overview of how A2A heat pumps are 
installed and operated in the UK, to clarify the current state of the industry, and to 
identify opportunities for expansion and future development. 

Participants and data gathering 

Sixteen homeowners with A2A systems were formally interviewed, with their 
experiences of installation, comfort and usability recorded. Interviewees tended to 
skew towards early adopters, reflecting the relatively low uptake of A2A heat pumps 
for domestic heating compared to gas, direct electric and A2W systems. However, 
we don't see their experiences as deviating significantly from those installing these 
systems in future. 

In addition to homeowners, eight A2A installer experts and eight non-installer experts 
were formally interviewed. Industry experts included training providers, scientific 
researchers and manufacturer representatives. Installers ranged from individuals with 
a few years' experience and no formal qualification beyond F-Gas certification, to 
those with Level 3 diplomas and company directors. 

Most participants were recruited through social media and online communities. 

Formal interviews were conducted via telephone and video call, typically lasting 
around an hour. Interviews took place between September and November 2025. 

Additional informal research included reviewing forum discussions, manufacturer 
datasheets and scientific papers, as well as informal conversations and home visits. 
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2. What are A2A heat pumps? 

AC and A2A heat pumps are two names for the same technology. A2A is the 
modern rebranding of AC that emphasises the unit’s heating capability and creates 
a logical link to A2W heat pumps (A2W). On first hearing the term A2A heat pump, it 
is common for people to think that it is a new technology. This issue will likely diminish 
with time. 

How do A2A heat pumps work? 

A simple way to think of A2A systems is as radiators with fans, but with refrigerant 
flowing through them instead of water. 

When operating in heating mode – in all heat pumps – a refrigerant is vapourised 
and then compressed to move heat from one place to another. In A2W heat 
pumps, this heat is transferred to water, which then is pumped through radiators. In 
A2A heat pumps, the refrigerant is pumped to indoor units, where a fan blows air 
across a heat exchanger to transfer heat from the refrigerant into the room. 

In the consumer space, each internal A2A head has two pipes that connect to the 
external heat pump. One pipe is ‘flow’ with warm vapour refrigerant, one is ‘return’ 
with cool liquid refrigerant. The heat released by each internal unit is controlled by 
the fan speed, the compressor speed and the expansion valve. We won't go into full 
detail of how these interact. 
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What types of A2A systems are there? 

Mini-split/single-split:  

One internal unit and one external heat 
pump. These are the cheapest A2A 
systems. They are often installed 
'back-to-back', which is when the 
external unit mirrors the internal unit on 
opposite sides of a wall. 

 
   Source: Daikin 

Multi-split: 

Multiple internal units connected to one 
external unit. This allows different rooms 
to be heated or cooled independently 
while using a single outdoor unit, making 
it suitable for whole-home installations.  

   Source: Daikin 

Multi-split + hot water: 

These systems combine A2A heating 
and cooling with domestic hot water 
provision. Some models are also 
compatible with hydronic (radiator) 
systems. Availability in the UK varies by 
manufacturer.  

   Source: Daikin 

Window mounted: 

Self-contained units that mount in a 
window opening. Currently uncommon 
in UK residential installation.  

These require no specialist skills to install 
and are removable.  

   Source: Midea 
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Fully internal units – monoblock:  

These are units which have all 
components of the heat pump inside 
the fabric of the building. They are similar 
to exhaust air heat pumps. But heat via 
sending warm air to rooms via ducts, 
rather than using radiators or internal 
heads. 

For these units the heat pump 
exchanges with the outside air through 
holes drilled through the external wall. 

In future, it is likely that these will be able 
to send refrigerant to internal heads.  

       Source: Clivet 

Fully internal units – wall-mounted: 

These are all-in-one heat pumps which 
look like radiators. These are not highly 
efficient, though efficiency will likely 
improve with time.  

For these units the heat pump draws and 
expels air through holes drilled through 
the external wall. 

They are often considered a ‘last resort’. 

 
 

 
       Source: Electriq 

Ducted:  

Refrigerant is piped to an internal heat 
exchanger, which heats air that is then 
ducted to different rooms. This allows for 
one internal unit to heat multiple rooms.  

 
        Source: Daikin 
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Additional information for ducted A2A systems 

Ducted systems vary in complexity. Simpler systems require the homeowner to 
manually adjust vents in each room to control airflow. More advanced systems have 
automated controls – using plenums (air distribution boxes) with actuators (motorised 
valves) – that can shut off or direct air to each room automatically. 

While ducted systems provide excellent comfort, it is often challenging to find 
installers who will fit them for a reasonable price, as they are more common in 
commercial installs. However, a competent homeowner or builder could fit the 
ducts for a ducted heat pump install.  

Internal unit types 

High wall mounted:  

Most common in residential homes. Positioned 
high on an internal wall; typically blow air 
downwards during heating. 

These units pull ‘warm’ air from the top of the 
room, heat it up then blow down to mix with 
colder air below. 

Better for homes with limited low down wall 
space and for cooling. 

 

Low wall mounted:  

Less common but may offer improved heating 
comfort. Some units blow warm air across the 
floor. 

These heat cold air extracted from the bottom of 
the room, then blow it upwards or across the 
room.  
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Concealed units: 

Recessed into the building fabric or built around 
with facings. Only grates and diffusers are visible. 
These offer the best aesthetics but can be more 
complex to install and may require additional 
consideration for maintenance access. 

 
Images courtesy of Daikin 

Domestic hot water (DHW) 

Most A2A systems in the UK don't provide DHW, though this is an evolving field with a 
growing number of systems that can. 

A2A systems with DHW provision 

Some A2A systems can heat hot water cylinders directly. These work either by 
wrapping the cylinder with refrigerant pipe (transferring heat via conduction) or by 
using a plate heat exchanger.  

Examples of these systems are: Daikin Multi+, Samsung ClimateHub split, Panasonic 
Aquarea EcoFleX, Hitachi Triple C, Midea CirQ HP, Clivet Fullness and the Haier Multi 
3S. Most of these aren’t yet available in the UK. 

Some of the systems listed above are a hybrid of an A2A and A2W heat pump, so 
can work with A2A internal heads and hydronic system radiators. 

Standalone DHW options 

When an A2A system cannot supply DHW, there are several alternatives: 

●​ Retain an existing boiler for hot water only 
●​ Electric immersion cylinder – simple but less efficient 
●​ Heat battery – stores heat in a phase change material, which transfers heat 

to water via a heat exchanger 
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●​ Heat pump hot water cylinder – more efficient than immersion heaters and 
heat batteries 

Heat pump cylinders come in two types: integrated units (with the heat pump 
attached directly to the cylinder, best placed away from bedrooms due to noise) 
and split systems (similar to mini-split A2A units but dedicated to hot water – not yet 
common in the UK). 

Bathrooms and wet rooms 

Standard A2A internal heads are not suitable for installation in bathrooms or wet 
rooms. Most wall-mounted units lack the necessary Ingress Protection rating to 
operate safely in humid environments where they may be exposed to moisture or 
water spray. 

Homeowners requiring bathroom heating will need alternative solutions. The most 
common approach is to install an electric heated towel rail. While practical, this 
introduces an efficiency penalty: towel rails typically operate at 100% efficiency 
(converting 1kW of electricity to 1kW of heat), compared to the 300%–400%+ 
efficiency achievable with the A2A or A2W system in the rest of the home. For a 
room used intermittently and with relatively low heat demand, this penalty may be 
acceptable, but it should be factored into whole-home running cost estimates. 

Ducted A2A systems offer an alternative for those wishing to include bathrooms in 
their heat pump system. Warm air can be ducted into a bathroom provided there is 
suitable ventilation, such as a mechanical ventilation with heat recovery (MVHR) 
system. This approach maintains system efficiency but adds installation complexity 
and cost. 

What we expect to see in future 

We expect to see several developments in the A2A market over the coming years: 

●​ More systems with hot water provision: As manufacturers recognise UK 
demand for whole-home decarbonisation solutions. 

●​ Heating focused units: Systems designed primarily for heating rather than 
cooling, better suited to UK needs. 
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●​ Blurring of A2A and A2W: Manufacturers are increasingly combining features 
from both technologies, such as A2A systems that can also feed radiators or 
underfloor heating. 

●​ All-in-one/fully internal systems: Currently, most heat pumps require an 
external heat pump to operate. However, fully internal heat pumps such as 
exhaust-air heat pumps are becoming more common. We anticipate more 
products like this will enter the market in the A2A space, one example is the 
Clivet Fullness. 

As the UK market matures, we expect product offerings to better reflect the country's 
heating-dominant climate, rather than the cooling-focused systems common in 
markets of warmer regions. While the UK makes up a relatively small proportion of 
the global market, much of the technology that would be useful here would be 
transferable to other countries. 
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3. Property and occupancy suitability 

Property types 

Our research suggests A2A heat pumps can be used for heating across a wide 
range of UK housing stock. Homeowners across a diverse range of property types 
reported satisfaction with their A2A systems. Properties ranged from an 18th-century 
stone church with heavy thermal mass to a triple-glazed new-build townhouse and 
included: 

●​ a detached brick house built in 1965 on an exposed coastal site in the 
Scottish Highlands, approximately 50m from the sea 

●​ an Edwardian end-terrace (1908) with unusual cavity walls for the period 
●​ a 1970s detached house of approximately 220m² with cavity wall insulation 
●​ a 1990s dormer house with 14 rooms, 5 of which are bedrooms 
●​ a fabric-first passive house retrofit achieving c.90% reduction in heat demand 
●​ a long, linear property extended multiple times to approximately 300m², with 

staircases at each end. 

Wall constructions included solid stone, single-skin brick with render, cavity brick 
(both filled and unfilled), and modern insulated cavities. Insulation standards varied 
from uninsulated cavities to a Scottish Highlands retrofit targeting EnerPHit passive 
house certification. 

Highly-suitable homes 

While generally suitable for most housing stock, specific features can make a 
property particularly well-suited for A2A technology. 

Smaller homes and flats  

When accounting for installation costs, A2A heat pumps are particularly effective in 
smaller properties. Often only one or two indoor units are required to meet the entire 
home’s heat demand.  
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Smaller properties allow for innovative design and behavioural tactics to minimise 
installation costs. For example, in some homes interior doors can be left open to 
create an open-plan space for warm air to circulate; this can reduce the number of 
internal heads required to warm the whole house. 

Our research found one property owner with a mid-terrace two-bedroom house 
(built c.1970, roughly 6m × 6m footprint per floor), who achieved whole-house 
heating with a three-head multi-split system installed for approximately £5,300 (2018 
prices).  

During the winter months, all of the home's heat load is delivered through a single 
downstairs 7.1kW rated wall-mounted unit. The owner found that interior doors could 
be left open to allow heat to distribute throughout, with only a small ‘cold junction’ – 
a room built over the front porch, exposed on two sides and from below – requiring 
attention in severe cold when temperatures dropped below -2°C. 

Several other homeowners also reported that a single downstairs unit could provide 
the majority of their heating. One passive house retrofit relies entirely on single-point 
heat delivery from a 2.7kW dining room unit, with heat circulating to the rest of the 
house via open doors – enabled by the very low heat loads characteristic of 
high-performance fabric. The A2A installation cost just £1,500. 

It’s also often difficult to find the space for the indoor components of an A2W system 
in smaller properties. This makes A2A heat pumps useful in these contexts, as they 
require fewer indoor components than A2W systems. 

An example of overcoming space constraints with A2A was found in a new-build 
townhouse connected to district heating. At the time, space constraints ruled out an 
A2W heat pump: as there was not sufficient indoor space for a hot water cylinder 
and ancillaries – though new smaller cylinders are now available. An A2A heat 
pump provided a solution that allowed the homeowner to decarbonise their space 
heating immediately whilst providing more time to tackle the hot water supply in the 
future. The outdoor unit was mounted on the flat roof with pipes routed externally to 
avoid internal trunking and minimise visual impact. The system (a Daikin multi-split 
with four indoor units) cost approximately £7,800 to install and heats and cools the 
entire house. 
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Open-plan homes 

As illustrated above, properties with lots of open-plan space are also particularly 
well-suited to A2A systems. Open layouts allow heat to circulate freely throughout 
connected areas, meaning fewer indoor units are required to achieve whole-home 
comfort. This translates to lower installation costs and reduced system complexity. A 
single strategically placed unit can often serve an entire open-plan ground floor, 
with heat naturally distributed to adjoining spaces when doors are left open. There 
are limitations to this, which some installers are able to advise on. 

New builds 

Many new builds are extremely well insulated. This means the heat required to 
maintain stable internal temperatures in cold weather is relatively low. However, 
these well-insulated homes often have high cooling requirements due to how well 
they retain heat during summer. A2A units can provide a home’s cooling and 
heating requirements in one system. 

Homes with loft space 

Properties with accessible loft space offer significant installation advantages as they 
can provide greater opportunity to reduce the complexity and visibility of refrigerant 
piping.  

Our interviews found that the small triangular side lofts of a 1990s dormer house 
layout proved ideal for running A2A system pipework discreetly. Most of the 13 
indoor units were served by pipework running invisibly through these spaces.  

Ducted systems can also become viable where sufficient loft space exists for the air 
handling unit. One homeowner installed a ducted unit in the loft serving four 
bedrooms via a plenum with individual supplies and returns to each room. Many 
homeowners interviewed regretted installing wall-mounted units, instead of ducted 
systems. 
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Flats 

Flats can be well-suited to A2A heat pump installations. Currently, the flats that are 
best suited are those when appropriate mounting locations for outdoor units exist. 
These can include balconies with sufficient airflow, low-rise buildings with roof 
access, or properties with adequate ground-level space for mounting outdoor units.  

For larger buildings, it has been suggested that A2A systems could be technically 
feasible in buildings up to eight storeys high (depending on room ceiling heights) by 
mounting outdoor units only at ground level and on the roof. It has been suggested 
that it would be possible to serve four floors up and four floors down using this 
approach with appropriately selected heat pumps. 

However, electricity meter and consumer unit positions may introduce constraints to 
an install. If these are in locations which require long complex cable runs, installation 
costs may increase. 

Additionally, some flats may have looped electricity supplies and require delooping, 
which refers to the separation of shared electricity service cables. This is often found 
in older properties where a single main cable supplies multiple homes. Because heat 
pumps can increase the electrical load, the Distribution Network Operator (DNO) 
might require the property to have a dedicated connection to prevent overloading 
the supply. While the DNO typically covers the cost of these works to support 
low-carbon technologies, the process can involve groundworks to access 
underground cables and can introduce delays. 

Challenging properties for retrofit 

Long properties 

Long, narrow properties might require long and invasive pipe runs to reach indoor 
units in different parts of the building. For example, refrigerant will need to be piped 
from an external unit in the back garden to the rooms at the front of the house. In 
homes where pipework cannot be routed around the outside, such as terraced 
properties, this internal routing can reduce aesthetic satisfaction. It can also increase 
complexity and disruption from lifting floors and drilling through internal walls. 
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Additionally, long stretches of pipework can reduce efficiency, which needs to be 
considered if they are routed outside the property.  

Long, narrow homes might be better served by two external heat pumps, one at the 
front of the building and one at the rear. This will require planning permission for 
homes that aren’t detached, adding an additional challenge for these properties. 
Having two external units doesn’t typically increase installation costs, though it can 
increase maintenance costs. 

One homeowner interviewed had a long property that had been extended multiple 
times, resulting in a long narrow L-shaped plan (approximately 300m²). Their solution 
involved placing two 4.5kW single-split units at opposite ends of the house at a 
combined cost of £4,000. Each unit was placed near a staircase to encourage heat 
to rise and distribute. Internal heads could have been installed in each room; 
however, this would have incurred more cost and disruption. This property has not 
yet had a full winter of testing. 

Rooms without an exterior wall 

It is preferable to mount internal heads of A2A units on external walls as it negates 
the need for a pump to remove condensate when the A2A unit is used in cooling. 
These pumps cost around £170 to install, require maintenance and sometimes make 
a noise that people find annoying. Additionally, mounting on an exterior wall 
reduces the amount of internal pipework – which some homeowners dislike the look 
of – though these can be boxed in to hide them. 

Our interviews highlighted one Scottish Highlands property, where large windows 
prevented the placement of internal heads on external walls. To overcome this, the 
units were installed on internal walls using short trunking runs (approx. 0.5m) to reach 
the exterior. Because these runs were short, the installers were able to maintain a 
downward gradient for condensate, avoiding the need for pumps. 

For fully internal rooms, with no exterior wall, more complex pipe runs are often 
required. However, for some properties internal rooms can be adequately heated 
through heat transfer from other rooms, and additional units are not required. This 
varies with property type and heat loss. 
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Flats without outdoor space 

While A2A heat pumps are particularly well suited to flats in principle, not all flats 
have suitable outdoor space. Many freeholders are averse to leaseholders mounting 
the outdoor unit in visible spaces. Often the only space available for units to be 
mounted is on balconies, which can pose challenges with both running pipework 
through the flat and providing electricity from a consumer unit. 

Even where freeholder permission is granted, wall-mounted external units on upper 
floors present practical challenges. Installation and ongoing servicing require 
scaffolding or mobile elevated work platforms, making this approach impractical or 
prohibitively expensive for taller buildings unless permanent access infrastructure is in 
place. Installers interviewed were found to be unwilling to lean out of windows to fit 
or service external units – a practice often seen in countries with less stringent safety 
regulations. 

Additional practical challenges might arise from condensate drainage and the 
routing of refrigerant pipework. Without accessible floor voids or loft space, services 
may need to be run inside visible trunking, which can be intrusive. 

The difficulties of installing in flats may be ameliorated by advancements in heat 
pumps and the development of internal ‘all-in-one’ A2A units such as the Clivet 
Fullness. These don’t require external units, but require indoor space. More fully 
internal solutions are likely to be developed over time – though these may come 
with a performance penalty.  

Occupancy patterns 

Zoned and flexible heating 

Multi-split A2A systems offer significant flexibility for homeowners who prefer zoned or 
intermittent heating, where each room can be heated individually or only when 
desired (rather than running the heating continuously to maintain a desired 
temperature). Unlike A2W systems – where continuous 'open loop' heating is 
standard – each A2A indoor unit acts as an independent zone. This allows users to 
heat individual rooms or specific combinations as needed. Additionally, A2A units 
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generally have higher peak outputs than traditional radiators, enabling the rapid 
warm-up times that many users are accustomed to from gas boilers. 

However, this flexibility creates specific performance trade-offs. Firstly, running a 
single internal head can reduce overall system efficiency; hot refrigerant vapour is 
circulated through the pipe network to all units, including inactive ones, resulting in 
minor heat loss internally, but potentially significant external heat loss if pipes are 
poorly insulated. Secondly, while the system allows for the 'on/off' heating style of a 
gas boiler, this intermittent running is less efficient than the continuous 'low and slow' 
approach. Rapidly boosting temperature requires high compressor speeds (lowering 
the coefficient of performance (COP) and efficiency) and high fan speeds to 
achieve peak output. 

It remains to be quantified whether the reduction in COP caused by intermittent 
running is fully offset by the absolute energy savings gained from leaving the house 
unheated for long periods. Furthermore, this operating style introduces a comfort 
penalty: the higher fan speeds required for rapid warming increase noise levels (as 
detailed in Section 4. Comfort, user experience and performance). 

The ability to use intermittent and zoned heating allow for a wide range of heating 
patterns: 

●​ Preheating during off-peak periods: Some homeowners that were interviewed 
choose to preheat living areas overnight during low electricity tariff periods – 
the opposite of a typical night setback. This can provide high comfort and 
can reduce costs compared to maintaining a steady temperature with a 
continuous heating pattern. 

●​ Unused or rarely used rooms: Unoccupied rooms can remain unheated 
without affecting the rest of the property. For instance, one homeowner 
briefly heats an annex bedroom only for morning and evening routines, 
avoiding the need to heat it throughout the day. 

●​ Rapid response: A2A is well-suited for households empty during the day. One 
interviewee reported heating a 45m² open-plan area from cold to 
comfortable in just 15 minutes using high-power mode. This rapid response 
from cold is system dependent. Many A2A systems are designed for cooling 
loads, which can make them overpowered for heating. This is described in 
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Section 5. Customer journey, installation process, costs: How are the systems 
sized? 

●​ Energy rationing: Households rationing energy can strictly target heating to 
specific rooms and times, reducing overall consumption. This isn’t usually 
possible with an A2W system. 

●​ Intermittent occupancy (holiday homes): Ideal for second homes where 
occupancy is limited and app functionality allows owners to pre-heat or 
pre-cool the property immediately before arrival. 

●​ Home offices and workspaces: Those working from home can heat an office 
or workshop, maintaining comfort during long sedentary periods without the 
cost of heating the entire dwelling. 

Continuous heating 

Like A2W systems, A2A heat pumps work most effectively when operated using a 
continuous, 'low and slow' pattern. This means those who wish to maintain their 
whole home at a constant comfortable temperature can ‘set and forget’. A2A, in 
auto-mode, will automatically optimise fan speeds and refrigerant flow 
temperatures to maintain a specified temperature. Continuous heating provides the 
most heat output for electricity used in both A2A and A2W. However, it may not be 
the method that results in the absolute minimal cost. 

Most homeowners who were interviewed experimented with partial or intermittent 
heating but ended up settling on a continuous heating pattern, suggesting this may 
offer the best comfort and ease of use for those who aren’t constrained by trying to 
achieve the absolute minimum operating costs. 

Targeted installs and partial heating 

Not all homeowners want all rooms heated. Many have unused rooms or spaces 
that are used much more than others. A2A systems can enable a cost-effective 
targeted heating replacement for these situations. An example of this is where a 
single-split unit could heat a living/sitting room, while another heats a master 
bedroom or feeds heat into a hallway to heat all adjacent rooms. Targeted installs 
can cost a fraction of a full A2W install and allow homeowners to reduce their fossil 
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fuel usage by about 75% (roughly the proportion of gas that is used for space 
heating, excluding hot water and cooking). 

This approach is also modular. Should occupancy patterns change, additional 
indoor and outdoor units can be added to extend coverage. While relatively simple, 
this potential for expansion is best considered during the initial planning stage. 

One interviewee highlighted the benefits of this approach for their elderly parents. By 
installing A2A units in just three key rooms (kitchen/living area and two bedrooms) for 
a total cost of £4,700, their parents significantly lowered their bills and carbon 
emissions. Although leaving rooms unheated is not suitable for every household, this 
case demonstrates how A2A allows for bespoke system designs that align with 
specific budgets and heating needs. 
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4. Comfort, user experience and 
performance 

Comfort and heating performance 

Our research shows that A2A systems can generally provide excellent household 
comfort and heating performance. 

Comfort reports from interviewed homeowners were overwhelmingly positive, with 
most describing A2A heating as equal to or better than their previous systems once 
they found the right operating strategy. One homeowner noted a different feel 
versus radiators initially, due to the forced warm air instead of radiant heat. 
However, once rooms were up to temperature, comfort was judged "as good as 
radiant heat". 

'Low and slow' operation 

A consistent finding across our research was that A2A systems deliver the best 
comfort when operated continuously at low output ('low and slow') like an A2W heat 
pump, rather than intermittently like a gas boiler. 

Interviewed homeowners found that continuous running improved comfort, while 
bills did not dramatically increase. This increased comfort is likely to be because 
maintaining a constant temperature without setback helps heat ‘soak’ into 
furnishings and fabric, improving radiant comfort. 

This suggests that the 'comfortable and cosy' feeling associated with A2W heat 
pumps is unrelated to the hydronic heating system itself. Instead, it is due to the 
stable continuous operation which ensures that all surfaces have a high radiant 
temperature. 
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Responsiveness and rapid warm-up 

Although ‘low and slow’ operation delivers the best comfort, A2A systems are also 
very responsive, allowing them to be used for a variety of lifestyles and heating 
patterns (as noted in Section 3. Property and occupancy suitability).  

In interviews, homeowners praised the responsiveness of their A2A units, noting how 
rapidly cold rooms could be warmed. Rooms typically became comfortable in 
10–20 minutes, with supply heat arriving in 3–4 minutes. One homeowner noted that 
"rooms heat up very quickly – in the order of 10 minutes from cold for a bedroom." 

This responsiveness stems from several factors. First, outdoor units are typically sized 
for cooling loads, which are often higher than heating loads, giving them much 
higher heating output than a comparable A2W heat pump sized for the home's 
heat loss. Second, internal wall units have adjustable output through variable fan 
speeds. A faster fan increases the effective heat transfer rate – enabling the internal 
head to act like a very large radiator – with some units delivering in excess of 7kW. 
Conversely, internal heads can reduce fan speed to deliver very little heat when 
required – though this minimum output is also determined by compressor modulation 
in the external heat pump. Typically, the range of heat that can be delivered by an 
internal head is higher than a typical radiator. 

Evenness of heat and limitations 

A2A heat pumps generally provide good evenness of heat in rooms, as reported by 
most homeowners that were interviewed.  

However, in particularly large open-plan spaces it can be beneficial to install two 
smaller units, instead of one large unit. These are best positioned apart, at different 
ends of the room. This allows the heat load to be distributed across two units and 
heat spread across the room from two places. This can lower fan speeds and 
improve comfort. It might also increase the available heat exchanger area, 
potentially allowing for more efficient operation due to lower condensing 
temperatures. Some homeowners noted that if designing the system again they 
would take this approach to improve heat evenness. 
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Although the evenness of heat and power output is generally good, in some cases 
large open-plan spaces or high heat-loss areas may suffer from insufficient output. 
This can be due to a number of factors: 

●​ The occupant may choose a lower fan speed that cannot deliver heat 
adequately in high load situations. This may be done to avoid the increased 
noise and airflow that occur at higher fan speeds. 

●​ A large area might require more than one unit for the heat to be spread 
‘evenly’ across it, without a temperature gradient. 

●​ Warm air produced by the unit can migrate up open staircases, leaving the 
downstairs cold. 

●​ The unit is not sufficiently sized for the space. 

It is important to note that an indoor unit typically achieves its rated capacity (eg, 
5kW) only at higher fan speeds. When operating in low or 'silent' modes, the actual 
heat output is often reduced, potentially becoming insufficient to warm the space it 
was designed for effectively. Furthermore, lower fan speeds reduce air circulation; 
this prevents the mixing of warm and cool air, causing heat to pool locally around 
the unit rather than distributing evenly. 

Airflow and draught management 

Airflow and draughts from A2A indoor units are unlikely to cause comfort issues, 
provided the units are positioned correctly, do not operate continuously at high fan 
speeds, and have their louvres adjusted appropriately. 

These tactics were successfully implemented by several of the homeowners 
interviewed. One user kept fan speeds low (one or two, out of five) and angled the 
louvres downward to send warm air to floor level, minimising perceived draughts. 
Others simply adjusted the louvres to direct air away from seating positions. Some 
modern A2A units even feature sensors that track occupants and automatically 
direct airflow away from them. 

Ultimately, uncomfortable draughts are best prevented by ensuring the indoor unit 
does not blow directly onto seating areas. This requires strategic planning during 
installation to account for the room's current and future layouts. 
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Defrost cycles 

Defrost cycles for A2A systems are generally brief and largely non-disruptive. Modern 
units pause heating and close up rather than blowing cold air, with typical durations 
of 3–8 minutes. However, the placement of internal heads directly above seating 
made defrost cycles more noticeable and uncomfortable. 

One homeowner exemplified this by noting that defrosts are "not disruptive: the unit 
does not blow cold air during defrost; it simply pauses heating and makes 'swishy 
and crackling' noises for a few minutes." 

As many engineers usually install cooling-only systems, there may be additional 
considerations with defrost cycles that are prone to being overlooked. For example, 
one homeowner reported a slip hazard caused by defrost water refreezing on the 
ground outside, causing an external safety issue. Engineers accustomed to 
cooling-only systems may underestimate winter defrost cycle water volumes. It’s 
important that units should be fitted with appropriate drainage to manage run-off 
effectively. 

Improved comfort for health conditions  

A2A systems can also provide improved comfort for those with different health 
conditions due to the ability to heat and cool targeted spaces in a responsive 
manner.  

For example, those with health conditions that require warmer indoor temperatures 
can keep the whole house at a good baseline temperature and quickly increase 
the heat in rooms that they’re occupying to meet their health needs. 

On the other hand, some installers and homeowners that were interviewed noted 
that the cooling provided by A2A systems enabled greater comfort and wellbeing 
for women experiencing uncomfortable hot flushes during menopause.  
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Noise and vibrations 

Indoor unit noise  

Generally, indoor noise is not an issue when A2A units operate at low fan speeds. 
Homeowners interviewed described their units as “very quiet,” “essentially a 
whisper,” and “quieter than the kitchen fridge.” One interviewee even noted that 
their unit’s lowest setting at approximately19dB was quieter than the MVHR system 
on the same wall. 

However, experiences vary, particularly regarding higher fan speeds. While some 
users found the noise “generally acceptable,” one homeowner reported significant 
issues, stating that the noise was only “acceptable” when the system was restricted 
to 'quiet' mode. Another noted that the sound was intrusive when watching films. 

The link between noise and system design was highlighted by a homeowner who 
uses a minimal two head system to service a house with a 9kW heat loss. He 
explained: 

“The domestic challenge... is fan noise. The units are impossibly quiet on their lowest 
settings, but when it's cold outside you cannot change the laws of physics. I find 
myself cranking it while we're out walking the dogs (ie, hi-power + 30°C + max fan).” 

This illustrates a trade-off: in a minimalist setup in a high-heat-loss home, indoor units 
must work harder to heat the space during cold weather. Increasing the number of 
indoor units allows the thermal load to be spread across the system, enabling all 
units to operate at lower, quieter fan speeds. 

It should be noted that noise can be managed through strategic placement and 
operation. Since transitional areas like hallways are not noise-critical, units in these 
locations can be run at higher fan speeds to handle a larger share of the heating 
load, thereby reducing the output – and noise – required in living spaces. 

Outdoor unit noise 

Outdoor noise is rarely an issue for A2A systems. Most homeowners described 
outdoor units as "very quiet," "effectively inaudible," or "inaudible indoors with 
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windows closed." None of the homeowners in our research had any complaints from 
neighbours about the noise from the external units. 

However some noted that smaller cheaper external units can be noisier and 
disruptive. One homeowner noted that if they were re-installing the system they 
would consider a more premium unit to reduce the external noises. 

To manage external noise several manufacturers offer user-selectable modes (eg, 
'quiet' or 'night' mode). These modes are rarely used by homeowners and can 
restrict the unit's maximum heat output. Manufacturers highlighted that despite 
having these modes, they cannot be used to demonstrate compliance with external 
noise regulations. 

Vibrations 

While vibration is rarely an issue for floor-mounted external units, wall-mounted units 
can transfer vibrations into the building structure. This can often be mitigated by 
fitting rubber anti-vibration feet during installation. 

However, dampening is not always effective. While one homeowner reported that 
retrofitting rubber feet solved their issue, another case involving a timber-framed 
property found that manufacturer-specified rubber mounts failed to adequately 
isolate the vibration. Consequently, floor-mounting is the preferable option to 
minimise risk. One interviewee noted that switching their unit from a wall bracket to a 
floor mount immediately reduced the noise from the unit. 

Siting is also critical. One installer advised against mounting external units near 
bedrooms, noting that human sensitivity to low-frequency vibration is heightened at 
night, which can disturb sleep. 

Cooling performance 

Beyond heating, A2A systems provide effective active cooling. While used less 
frequently than heating, typically only during heatwaves or for six to eight days a 
year, homeowners consistently praised the function, describing it as “amazing” and 
“life-changing” for sleep comfort. 

 
nesta.org.uk​ 38 

https://www.nesta.org.uk/


 
 

Effectiveness 

Users reported rapid response times, with one noting a perceptible temperature 
drop within 10 minutes. However, it’s worth noting that the systems in this study were 
specified by AC engineers with cooling performance in mind. It remains to be 
quantified how well a system sized strictly for UK heating loads would perform during 
extreme heat events. 

Cooling strategies 

Given the rapid cooling speed, homeowners rarely ran systems continuously. 
Instead, they adopted specific behavioral strategies: 

●​ Pre-cooling: Many users pre-cooled bedrooms for an hour before sleep, then 
turned the units off or down to avoid overnight noise and draughts. 

●​ 'Dry' mode: Several homeowners preferred the 'dry' (dehumidify) setting. This 
reduces humidity to improve comfort (lowering the 'heat index') without the 
intense chill of active air conditioning. 

●​ Solar matching: Homeowners with solar PV arrays frequently timed their 
cooling to coincide with peak solar generation, effectively cooling their 
homes for free. 

Electricity usage in cooling 

While comprehensive data on A2A cooling consumption is limited, early indications 
suggest it is significantly lower than heating demand. This was corroborated by 
homeowner feedback and granular data from a specific system monitored via 
OpenEnergyMonitor. 

The monitored property features large bifold doors and high solar gains – 
characteristics that typically drive up cooling loads. Despite this, the energy 
consumption data (2025) reveals a significant difference: 

●​ Early Winter (1 November 2025 to 1 February 2026): 632kWh (three months) 
●​ Late Winter (1 February 2025 to 1 March 2025): 215kWh (one month) 
●​ Summer (1 June 2025 to 1 September 2025): 134kWh (three months) 
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When averaged, the monthly heating consumption (210kWh) is approximately 380% 
higher than the average monthly cooling consumption (45kWh). While further 
analysis across a larger sample size is required, this case suggests that even in homes 
with high solar gain, cooling will likely represent a minor fraction of total energy use 
compared to heating. 

Dehumidification  

A2A systems can function as effective dehumidifiers, a feature homeowners praised 
for improving indoor air quality in the muggy UK summers. 

However, the method of dehumidification differs significantly from a standard 
portable dehumidifier. When water vapour condenses, it releases latent heat. A 
portable dehumidifier releases this heat back into the room, contributing to warmth. 
In contrast, an A2A unit in 'dry' mode extracts this heat and rejects it outdoors. 

While this heat extraction is beneficial in summer (removing both moisture and heat), 
it is counter-productive in winter, as it actively removes useful thermal energy from 
the home. Therefore, for winter moisture control, it is more energy-efficient to run the 
A2A unit in 'heat' mode, lowering the relative humidity, and use controlled 
ventilation (such as opening a window) to remove moisture, rather than using the 
system's specific dehumidification setting. 

Usability 

Day-to-day operation of A2A systems is generally straightforward. Most homeowners 
described basic usage as easy, often adopting a 'set-and-forget' approach or 
making only minor temperature tweaks. 

However, despite this simplicity, significant usability complaints arose regarding 
deeper control and configuration. The most frequent frustrations centered on cloud 
dependence, laggy apps, difficult WiFi setup, and opaque control logic.  

Other issues highlighted were auto/eco modes, inaccurate onboard sensors with 
poor placement, limited native controls on basic models and tricky scheduling 
without add-ons. 

 
nesta.org.uk​ 40 

https://www.nesta.org.uk/


 
 

Scheduling, apps and control 

Homeowners reported that connecting units to apps was 'fiddly' or 'painful'. Part of 
the frustration was due to the need to sync each internal head of the heat pump to 
WiFi.  

Scheduling and general app control also presented challenges. Some homeowners 
found remote programming awkward and app timers unreliable or limited in 
functionality.  

Specific issues included: 

●​ Cloud dependence: Most manufacturer apps are cloud-based with no 
local-only control option, meaning functionality depends on internet 
connectivity and the manufacturer's servers remaining operational. 

●​ Physical remote sync issues: Physical infrared remotes are typically 'one-way,' 
meaning they cannot reflect changes made via the app. This 
desynchronisation leads to user confusion and annoyance. 

●​ Limited scheduling options: Basic timers often lack the flexibility homeowners 
want, particularly for integrating with time-of-use electricity tariffs. 

●​ Inconsistent features: Features available on the physical remote are often 
missing from the app, and vice versa. 

●​ Logic flaws: 'Auto' modes frequently overshoot targets or switch 
inappropriately between heating and cooling. Furthermore, no apps offered 
'smart pre-heat' logic (warming a room by a set time rather than starting at 
that time). 

App experiences varied significantly by brand – some were described as reliable 
once set up, while others were described in far less favourable terms. 

Documentation and user manuals 

Poor documentation was a universal complaint. Manuals were described as poorly 
translated and unintuitive, introducing settings (like 'auto fan speed' or specific 
sensor modes) without explaining their function or benefit. 
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These issues were further compounded by the symbols used in remotes being only 
understandable when cross-referenced with the manual. An example of this is ‘auto 
fan speed’ which adjusts fan speed with heating/cooling load. Rarely are ECO/night 
modes explained fully nor how different occupancy sensors work. These issues 
extend to the service manuals which would often fail to fully detail settings. 

This lack of clarity has real-world costs. Installers noted that a frequent cause of 
nuisance callbacks is symbol confusion: homeowners often mistake the 'snowflake' 
icon for 'winter/heating needed,' when it actually indicates 'cooling' mode. This 
results in users inadvertently blowing cold air into their homes during winter. 

 

 
nesta.org.uk​ 42 

https://www.nesta.org.uk/


 
 

5. Customer journey, installation process 
and costs 

Learning about A2A 

Many homeowners learned about A2A heat pumps through blogs, vlogs and social 
media – with influencers like Tim & Kat's Greenwalk and The EV Puzzle being 
commonly referenced sources. 

Those taking a self-design approach often found limited UK-specific guidance on 
A2A as a primary heating solution. Many researched manufacturer specification 
sheets and websites before contacting installers. 

Primary motivations for installing A2A 

The following are some core reasons homeowners gave for choosing to install A2A 
systems. 

●​ They wanted cooling  
●​ An A2W system was too difficult or expensive 
●​ They had exhausted other options 
●​ They wanted to move away from oil or gas 
●​ They wanted to use excess solar generation 
●​ They disliked radiators and valued aesthetics and space 

Choosing an installer 

Most homeowners found installers through online searches or word of mouth. It was 
common to obtain three to four quotes, with a few installers visiting for formal 
surveys. These site visits enabled installers to advise on unit placement and answer 
homeowner questions. 

However, while our interviewees found choosing an installer relatively easy, the wider 
public faces specific barriers. 
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Firstly, many people are unaware that an A2A installer is also an air-conditioning 
installer. Googling ‘air-conditioning installer’ will bring up many results; however, 
homeowners seeking a heating installer are likely to search for ‘air-to-air heat pump’ 
or similar. This has the potential to make finding an installer more difficult than it 
needs to be. 

Additionally, some A2A installers work primarily in the commercial sector and don’t 
advertise for domestic work on websites or in promotional materials, despite 
occasionally doing so. While motivated homeowners might inquire anyway, others 
may perceive these businesses as unsuitable for residential projects. 

Most interviewed homeowners found choosing an installer relatively easy, but some 
had difficulty getting responses. Installers also often only worked with specific brands 
and wouldn't engage outside those, which some found frustrating. 

While installers demonstrated excellent knowledge of cooling, their experience with 
heating-led design was sometimes lacking. Although most homeowners were 
satisfied, we observed cases of significant oversizing – such as fitting two external 
7kW heat pumps when one would suffice – leading to excessive cycling and inflated 
installation and running costs. 

Unlike A2W installations, which follow strict MCS standards and often use existing 
radiator locations, A2A retrofits require homeowners to make complex decisions 
from scratch. Variables include indoor unit placement, airflow patterns, trunking 
routes and brand selection. 

Because the current A2A market is historically geared towards cooling (where 
comfort requirements differ from heating), homeowners are heavily reliant on their 
installer for guidance. This leads consumers to often making costly decisions with 
limited independent information. 

Installation process 

A2A heat pump installations are typically straightforward and cause minimal 
disruption.  

The process for installing a single-split or multi-split usually involves: 
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●​ positioning the outdoor unit and mounting the internal unit(s) 
●​ installing electrical supply (cables and rotary isolator switch) 
●​ drilling core holes for refrigerant and condensate pipes 
●​ routing pipework and cables through walls or around the house (for more 

complex installations, this may include drilling between rooms) 
●​ managing drainage: gravity drain pipes or condensate pumps where gravity 

drainage isn't possible 
●​ enclosing pipework in trunking 
●​ purging and pressure testing 
●​ commissioning: releasing refrigerant, powering up and testing the system. 

Note: removal of a gas boiler or radiators isn't usually part of an A2A installation, 
unless the system provides DHW or the work is part of a larger renovation. 

Changes during installation 

Some interviewees experienced specification changes during the installation phase. 
A common example was the substitution of 3kW or 4kW indoor units when the 
originally specified 2kW models were out of stock. 

Although this may seem like a minor upgrade, it can negatively affect comfort. 
Larger units typically feature larger heat exchangers, which results in a higher 
minimum heat output. While a large heat exchanger can theoretically improve 
efficiency (provided the unit can modulate down sufficiently), these larger models 
can have higher minimum fan speeds. This can lead to increased noise levels and 
heat output. However, we currently lack sufficient data to quantify the specific 
comfort or performance impacts of these substitutions. 

Disruption 

For the most part, disruption during installation is limited to the noise and dust 
generated when drilling through external walls. Homeowners reported that the 
majority of the work takes place outside, in garages, or in lofts. Internal work is often 
swift; as one homeowner remarked: "Wall-mounted units are like hanging a picture 
once the core holes are made." 
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Despite the relative simplicity of installing an A2A heat pump, there are some factors 
that can increase disruption. 

Factors that can increase disruption 

Factor Lower disruption Higher disruption Reason for higher disruption 

Wall 
construction 

Timber frame, 
cavity walls 

Solid masonry, 
heritage stone, 
thick double walls, 
old chimney 
structures 

More noise and dust when 
drilling through harder, deeper 
materials 

Unit 
placement 

Back-to-back 
(indoor unit 
directly behind 
outdoor unit)​  

Outdoor unit far 
from indoor units
​   

Longer pipe runs and more 
drilling increases work, noise, 
dust and time 

Work 
location 

Loft, garage or 
outside 

Work required in 
every room 

Multi-room access interrupts 
daily life more 

Electrical 
requirements 

Simple fused spur
​  

Full consumer unit 
replacement, long 
cable runs under 
floors 

May require lifting floorboards 
and extensive electrical work 

Routing External trunking, 
loft-based ducting 

Internal routing 
through living 
spaces 

Visible work in occupied 
rooms; potential redecoration 
needed 

Installation costs and duration 

For a standard 3.5kW single-split 'back-to-back' system, costs range from around 
£1,400 to £2,600. This cost varies by model, installer and location. 

A single-split install can cost proportionally more per head than a multi-split system. 
This is largely due to fixed labor costs; the mandatory downtime required for pressure 
testing often prevents an installer from fitting a second job into the same day. 

For multi-split systems, costs generally range from £1,700 (budget) to £2,700 
(premium) per room. 
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Installation times varied considerably depending on system complexity. The table 
below is an approximate guide of installation periods. 

Installation costs and duration for different systems 

System type Typical duration Team size Cost 

Mini/single split (1 head) Less than 1 day 1–2 installers £1,400–£2,800 

Multi-split (2 head) Less than 1 day 1–2 installers £2,800–£5,400 

Multi-split (3–4 heads) 2.5–4 days 2–3 installers £4,200–£8,500 

Complex whole-house systems 5–7.5 days 3–4 people £8,000 or more 

VAT exemption 

A finding from interviews was that some installers remain unaware that A2A heat 
pumps are VAT exempt. Homeowners often had to explicitly point this out to secure 
the discount. In one instance, a quote of £22,000 was reduced to £17,000 only after 
the homeowner informed the installer of the 0% VAT policy on energy-saving 
materials. 

Homeowners are strongly advised to verify their installer is applying this exemption 
before proceeding. 

Additional works and costs 

Hot water provision 

Most A2A systems don’t provide DHW. Therefore, homeowners must arrange a 
separate DHW solution. The options and their possible costs are outlined below. 

Hot water solution Cost (£) Notes 

Retain existing boiler 0 Most common approach. Boiler remains 
solely for DHW, until the homeowner 
upgrades in the future 
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Hot water solution Cost (£) Notes 

Reconfigure boiler and 
system for DHW only 

200–500 Radiators removed and boiler only 
provides DHW 

Retain existing 
immersion heater 

0 Fully electric; uses existing tank 

New immersion 
heater/smart cylinder 

500–2,000 (unit) + 
500–1,200 (install)* 

Fully electric. Cost varies significantly 
based on 'smart' cylinder features and 
installation complexity 

DHW heat pump 
cylinder 

1,500–3,000 (unit) + 
500–1,200 (install)* 

Highly efficient electric DHW 

*significant variation depending on system design and smart hot water cylinders 

Removing radiators and wet system 

For those who removed their radiators, the process was typically limited to visible 
components. Homeowners rarely lifted floorboards to remove pipework; instead, the 
standard practice involves draining the loop, removing radiators and capping pipes 
flush with the floor. 

The most technical part of the removal requires the boiler to be disconnected from 
the radiator loop or entirely removed if it’s not retained for hot water provision. 
Homeowners who had a professional, full system decommissioning (including boiler 
removal) were uncommon, though many interviewees undertook radiator removal 
as a DIY project. The owner of a large property reported paying £800 for removal 
and decommissioning of their hydronic heating system. 

Redecoration costs tend not to be significant as most radiators are held on with 
brackets which are quickly removed, with holes filled and painted over. 

Bathroom heating 

Most standard A2A internal units aren’t suitable for bathrooms or wetrooms, often 
because they don’t have the necessary Ingress Protection rating to operate safely in 
humid environments. 
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This means properties with an A2A system require an alternative solution for heating 
these spaces. The most common approach is to use an electric heated towel rail. 
Costs and disruption for installing these towel rails can vary quite a lot depending on 
contextual factors such as whether the room already has a suitable existing 
electricity supply. However, installations are quick and can typically be completed 
within a day. 

How are the systems sized? 

Installers typically size A2A units using manufacturer apps and industry 'rules of 
thumb' rather than detailed heat loss calculations. The standard baseline is 125W per 
square metre (125W/m²) of floor space, adjusted for factors such as window 
orientation, glazing area and ceiling height. Installers also apply their own 
experiential judgement based on the specific use of the room. 

It’s worth noting that the 125W/m² metric originates from cooling load calculations. 
For UK heating purposes, this figure is likely excessive and risks leading to significantly 
oversized units. There is also a fundamental geometric reason why a single W/m² 
figure cannot apply universally: heat loss occurs through a building's external 
surfaces, and surface area does not scale linearly with floor area. Larger buildings 
have proportionally less external surface per square metre of floor, meaning their 
heat loss per unit area is inherently lower. Insulation level, and air change rates of 
course play a part too. 

However, installers argue that strict sizing is less critical for A2A systems than for A2W 
systems. As each indoor unit operates as an independent zone, it can modulate its 
output via fan speed to match the room's specific demand, making the technology 
forgiving of imprecise sizing. While this may be the case for internal heads, the 
external heat pumps should be sized for heating based on our current best 
knowledge drawn from A2W systems. 

A key question for future research is whether the heat loss calculations for A2A 
systems are sufficiently accurate with a simplified 'whole-house' calculation (based 
on perimeter area and insulation) or if complex room-by-room calculations are still 
required for optimal performance. 
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Furthermore, unlike A2W systems (where radiators come in many sizes and shapes to 
match a specific load) A2A indoor units come in fixed capacity increments, typically 
ranging from 1.5kW to 7.1kW in roughly 0.75kW steps. Since even the smallest units 
have high peak outputs, precise load-matching is often impossible regardless of the 
calculation method. It is also likely inadvisable, as the higher required outputs for a 
precisely-matched unit would require higher fan speeds which can reduce comfort 
from stronger draughts and increased noise. 

The table below summarises the distribution of heat loss intensity across 206 
monitored properties on the Heatpumpmonitor dataset. The mean of 35W/m² is 
notably lower than the 125W/m² rule of thumb commonly used for A2A sizing, 
reinforcing that cooling-derived metrics may lead to oversized systems. 

Distribution of heat loss intensity across properties on the Heatpumpmonitor 
dataset 

Statistic W/m² 

Mean 35 

Interquartile range 26–42 

Range 9–82 

The consequence of sizing A2A primarily for heating, rather than cooling is currently 
unknown. Peak cooling loads are likely to exceed heating loads (on very hot days); 
however, there is currently very little data on the scale of the difference, especially in 
the domestic sector. This is a key challenge for manufacturers and installers who wish 
to sell A2A systems which are capable of both heating and cooling with high levels 
of efficiency and comfort.  

Maintenance and ongoing costs 

Both indoor and outdoor units require regular maintenance to maintain 
performance and air quality. 

●​ Heating mode: Dust accumulates on the dry heat exchanger fins. This acts as 
an insulator, restricting airflow and reducing thermal efficiency. 
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●​ Cooling mode: The heat exchanger typically operates below the dew point, 
causing water to condense on the fins. Airborne dust adheres to this moisture; 
over time, this can accumulate on the coil and fan barrel, leading to mould 
growth and unpleasant odours. 

For residential properties, an annual service is standard. Commercial installations 
generally require more frequent visits (two to three times per year) due to higher 
usage. 

Service costs vary by location and provider, but typical rates are: 

●​ Basic service (one indoor unit and one outdoor unit): £60–£175 
●​ Additional indoor units: approximately £50 per unit 

A basic service typically includes cleaning the heat exchangers and filters, plus a 
refrigerant leak check. Deep cleaning, which involves disassembling the indoor unit 
to remove impacted dirt or mould from the fan barrel, is more labour-intensive and 
will incur additional costs. 

Electrical works 

Small systems (<13 amps) 

Single mini-split units with an output up to 4–5kW typically draw less than 13 amps. 
Depending on manufacturer instructions, these can often be integrated into existing 
circuitry (eg, via a fused spur). Roughly 70%–80% of residential installations fall into this 
category, likely because most current installs are for single-room cooling rather than 
whole-house heating. 

Historical context: In the early days of domestic air conditioning, power was often 
delivered to the indoor unit via a standard three-pin plug. Modern systems typically 
reverse this, feeding power to the outdoor unit first. However, some manufacturer 
instructions still account for indoor-fed power via a plug. 
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Large systems and multi-splits (>13 amps) 

Larger multi-split systems or high-capacity single units generally exceed the 13 amp 
threshold. These require a dedicated circuit run directly from the consumer unit to 
the outdoor heat pump, which must be installed by a qualified electrician. 

Electrical works reported by homeowners 

Note: This section uses simplified language. 

Costs for A2A electrical work vary based on complexity. Some homes have 
insufficient space for additional circuits within the consumer unit (also known as the 
fuse board or distribution board).  

If the unit is full, space must be created to accommodate the heat pump 
connection. This is typically achieved in one of three ways: 

●​ Add a ‘daughter board’: A small, secondary consumer unit is installed next to 
the main board specifically for the heat pump. 

○​ Homeowner-reported cost: around £750 (including heat pump wiring). 
●​ Install 'compact' RCBOs: This involves replacing older, bulky separate safety 

switches (MCBs/RCDs) with modern, slimline RCBOs. These combine 
overcurrent and earth fault protection into a single device, freeing up 
physical rail space. This upgrade helps systems conform to Regulation 
314.1(iv) of the BS 7671 Wiring Regulations and reduces nuisance tripping. 

●​ Full consumer unit replacement: Entire board is upgraded to a modern 
standard. 

○​ Homeowner-reported cost: approximately £1,000 (including heat 
pump wiring). 

Reported homeowner electrical works 

Scenario Solution Cost 

Consumer unit full Swapped bulky protection 
devices to modern 
integrated RCBO units, 

Less than £500 
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Scenario Solution Cost 

freeing up spare space 
(ways) 

No spare space (ways) in 
consumer unit 

Small additional consumer 
unit (‘daughter board’) 
installed in loft 

 Around £750 

Full consumer unit 
replacement 

New consumer unit with 
capacity for future loads 
(EV, solar, battery) 

Approximately £1,000 (only 
£200 was attributable to 
heat pump circuits) 

Long cable runs required 40m run through loft and 
walls 

Higher labour costs 

Circuit protection and ‘blinding’ 

Many A2W heat pump manufacturers mandate the use of Type B RCDs. These 
provide high levels of protection against DC ‘blinding’ where a standard Type A 
device might fail to trip due to smooth DC current leakage or mixed-frequency 
residual currents common in inverters. 

In the residential A2A sector, adoption of Type B protection remains uncertain, 
despite the technical similarities in inverter technology. BS 7671 Regulation 531.3.3 
requires the RCD to be suitable for the nature of the residual current. While some 
manufacturers specify Type B for multi-splits, instructions for smaller single-splits are 
often non-existent. 

Recent guidance for A2W heat pumps from the Heat Pump Association (March 
2025) clarifies that if a manufacturer does not explicitly specify the RCD type or 
guarantee leakage characteristics, Type B must be used. 

However, practical application lags behind this guidance due to cost, size and 
specific terminology confusion: 
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●​ For large multi-splits: The cost and size of Type B devices (historically 
double-width) acts as a deterrent, though competent electricians are more 
likely to comply on dedicated circuits. 

●​ For smaller systems: Units are often connected via a fused spur, relying on the 
existing household RCD (often Type A or AC). Since standard Type A RCDs 
cannot reliably detect the mixed-frequency leakage from heat pump 
inverters, and may be ‘blinded’ by smooth DC >6mA, the introduction of the 
heat pump typically requires the upstream RCD to be upgraded. As noted in 
HPA Guidance (Q&A 11), unless the main RCD is upgraded to Type B, the 
safety protection of the entire circuit bank is theoretically compromised. 

●​ Terminology confusion (Type B MCB vs. Type B RCD): A significant risk arises 
from overlapping terminology. Installers may believe they are installing Type B 
DC-leakage protection because they see a ‘Type B’ marking on an RCBO 
(eg, ‘B32’). However, on an RCBO, the letter ‘B’ typically refers to the MCB 
overcurrent tripping curve (identifying how quickly it disconnects under fault 
current, similar to Type C or D), not the RCD type. An RCBO marked ‘B32’ 
often only contains a standard Type A or AC RCD mechanism. True Type B 
RCD protection must be identified by the specific symbol (two rectangles) 
rather than the letter code on the breaker. 

Electrical works recommendations 

A frequent recommendation from interviewees was to avoid 'piecemeal' upgrades, 
which incur repeated labour and hardware costs. Instead, homeowners advised 
assessing the property's long-term energy roadmap – including potential EV 
chargers, solar PV and battery storage – before commissioning work. 

It’s significantly more cost-effective to replace a consumer unit once with a model 
capable of handling these future loads than to repeatedly modify or extend an 
existing unit. 

One interviewee replaced their consumer unit specifically to support an A2A 
installation but ensured the new board had sufficient capacity for a future EV 
charger. Another homeowner explicitly specified a distribution board with 'spare 
ways' (empty slots) to accommodate unforeseen future additions without needing 
further replacement. 
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6. Workforce and skills 

Demand for A2A heat pump installations will likely rise over the coming years, as 
cooling demand increases in the UK and people seek to upgrade their homes with 
efficient, low-carbon heating solutions. This will be compounded by the UK 
government’s inclusion of A2A heat pumps in the BUS grant. The workforce will need 
to scale to meet any increased demand in this technology.  

However, our conversations with installers and industry professionals indicate there is 
already a shortage of qualified HVAC installers in both the commercial and 
domestic sectors, indicating a need to grow the industry to meet the likely increase 
in demand. 

One of the main ways of expanding the sector is through apprenticeships; though 
this is unlikely to allow the sector to grow at the speed at which demand and 
government decarbonisation targets require. That means the HVAC industry will likely 
have to draw from other trades and careers to meet demand. 

We’ll explore the pathways to entering the A2A sector in this section. 

Apprenticeship and young learner pathways 

The Apprenticeship Pathway (ST0322) 

For a school leaver, the primary entry route into the sector is the ST0322 standard for 
refrigeration, air conditioning and heat pump engineering technician. This is a 
three-year day-release programme. Apprentices must complete: 

●​ F-Gas certification (mandatory for handling refrigerants) 
●​ Level 2 and Level 3 Diplomas/NVQs 
●​ A development journal documenting workplace evidence 

Upon completion, apprentices face an End Point Assessment (EPA) consisting of 
three job write-ups, technical questions, a professional interview and a 60-question 
test. The assessment takes 2.5–3 days, and the national first-time pass rate currently 
sits at a concerningly low 20%.  
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Challenges with apprenticeships 

There are some challenges with apprenticeships in the refrigeration and F-Gas 
sector, many of which reflect the apprenticeship challenges faced by those in the 
A2W heat pump and plumbing and heating sectors. 

The business risk of apprenticeships 

One installer noted that the financial burden on small businesses is immense. While 
an apprentice might take home £20,000 a year, the total cost to the business – 
including college fees, insurance, tools and, crucially, the lost billable hours of the 
supervising engineer – can reach approximately £60,000 over the first two years. 

It can also be difficult for businesses to ensure apprentices gain exposure to both 
fridge and air conditioning work to gather evidence and complete their 
development journals. This can require businesses to find jobs they wouldn’t 
otherwise take. 

Recruitment is further complicated by wage competition. A young individual can 
often earn a higher starting wage in a supermarket or bar job than the minimum 
apprentice rate. This creates a perverse incentive structure where learners must be 
willing to accept a ‘pay cut’ to enter the industry compared to unskilled work. 
Sometimes apprentices are unaware of this pay cut they have ‘signed up to’ which 
can be contentious. 

Issues highlighted with current courses for young learners 

Some installers have noted challenges such as inconsistent training quality and a 
shortage of qualified lecturers. This might be because colleges often lack the 
funding or willingness to pay salaries sufficient to hire experienced installers as 
lecturers. Some senior installers have been offered positions at colleges and would 
like to ‘give back’ to the industry; however, the salaries offered are c. £30,000 a year.  

Some installers have also questioned the merit of beginning college courses with 
extensive health and safety, and environmental modules for practical courses in 
plumbing or HVAC. They suggested that the excessive focus on legal requirements 
over practical skills has a detrimental effect on apprentice morale and capabilities.  
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Logistical challenges to hiring young staff 

There are also logistical challenges for companies hiring young staff. For example, 
insurance policies for commercial vehicles are often prohibitively expensive or simply 
unavailable for drivers under 21 or 25. This limits the utility of a younger apprentice, as 
they cannot drive a company van or operate independently, forcing them to 
remain a passenger to a senior engineer for years. 

Sole traders and smaller businesses might also have to work through new 
administrative challenges they haven’t previously had to do. For example, creating 
official business policies and procedures, or upgrading business health and safety 
certifications. 

Alternative pathways for school leavers 

To mitigate these risks, one installer advocated for a specific ‘soft launch’ pathway: 

●​ Year 1 (Age 16–17): Diploma in Plumbing Studies 
●​ Year 2 (Age 17–18): City & Guilds Level 2 Diploma in Refrigeration, Air 

Conditioning and Heat Pump Systems 

In this pathway learners would spend three days a week in college and two days on 
site, providing several advantages over apprenticeships: 

●​ Dual qualification by age 18: Students gain both plumbing and refrigeration 
qualifications before working full-time, making them immediately useful on 
site. 

●​ Soft transition: It avoids the ‘shock’ of 5:00 AM starts for 16-year-olds, which 
helps retention. 

●​ Cost efficiency: Education is state-funded until 18, saving the employer 
training fees. 

●​ Site readiness: By 18, trainees are qualified, can be insured and accepted on 
site more easily, and are ready for full-time work. 

●​ Multi-skilled capability: This pathway produces engineers competent in both 
hydronic and refrigerant systems, which is increasingly necessary for modern 
heat pump installations. 
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The employer noted that this approach is more cost-effective than traditional 
apprenticeships, as there aren’t apprenticeship costs, and the wage for the younger 
employee is lower. 

Additionally, the installer noted that many young people today aren't as mature as 
previous generations at 16. He noted a gradual transition with three days in college 
and two days on site is more manageable for young starters. 

Non-apprenticeship pathways for career transitions 

Transitioning to HVAC from another trade or career 

It is legally possible for anybody to take a five-day F-Gas Category 1 certification 
course and immediately install A2A heat pumps. However, the general consensus 
amongst installers and training experts is that this route is inadvisable for most. That 
includes those who currently work in gas plumbing and heating. They highlighted 
that F-Gas certification is a legal requirement for handling F-Gas, not a competency 
course in HVAC system design or repair and that those who follow this route often 
lack the skills to be professional air conditioning installers.  

One installer who transitioned in HVAC from another career exemplifies this. He 
appreciated how easy it was to get qualified and enter the industry, but he later 
realised that he lacked knowledge in both maintenance and repairs of units. 
Subsequently, he studied his Level 2 and 3 diplomas to improve his knowledge.  

Many recommend that those wanting to work in HVAC build practical competency 
and knowledge by working alongside more experienced installers. One company 
interviewed had success transitioning Level 3 heat pump qualified heating engineers 
to HVAC by having them first shadow experienced HVAC engineers for a week, then 
undertake Category 1 F-Gas training, followed by continuing as a mate to build 
competency. 

This pathway might also be appropriate for those who are coming to HVAC from a 
totally different career. For example, one installer had a niche hobby of watching 
HVAC installations on YouTube and was able to transition into the industry after 
gaining his F-Gas certification and working as a mate.  
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Some have suggested a more robust pathway for transitioning to HVAC might 
involve: 

●​ Completing the Category 1 F-Gas certification course and a refrigeration and 
air conditioning course. 

●​ Working as a mate or improver alongside experienced engineers to gain 
practical experience. 

●​ Part-time learning of the Level 2 Diploma in Refrigeration, Air Conditioning 
and Heat Pump Systems (6090-20, being updated to 6090-21). 

Challenges with transitioning into HVAC 

We note that there might be difficulties for people transitioning to HVAC from 
another sector. Firstly, finding an experienced engineer as a mentor is challenging. It 
requires a high level of confidence and motivation to cold call more experienced 
engineers asking to work as a mate. Additionally, experienced engineers might see 
taking on someone like this as slowing their work down and losing them money, or 
even as training up the competition. 

Experienced plumbers and heating engineers are unlikely to take the financial 
penalty of working as a mate for a lower wage, when they can just install 
immediately with an F-Gas certificate. Additionally, the Level 2 Diploma in 
Refrigeration, Air Conditioning and Heat Pump Systems, takes 12 weeks to complete 
at private training centres. During this time the installer is not earning, so they suffer a 
financial penalty. Some training centres can offer distance learning for the 
theoretical parts of the course, which can help offset this difficulty. 

There are also reports that the quality and depth of F-Gas certification and teaching 
in courses is inconsistent across training providers. Some training centre managers 
expressed a desire to make the F-Gas course more rigorous and 
competency-based. However, they face commercial pressure from the industry, 
which often demands the fastest, cheapest route to get staff ‘legally’ on site, rather 
than the most educational route. This tension between ‘bums on seats’ and 
‘producing skilled engineers’ remains a critical issue. 
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Similarities with the A2W transition  

This situation is reminiscent of the pathway that those transitioning from gas plumbing 
and heating into A2W heat pumps face. Many heating engineers take the Level 3 
Award in the Installation and Maintenance of Heat Pump Systems but end the 
course without the confidence or practical experience to go forward and install 
heat pumps. Those that have the most success with installing heat pumps afterwards 
have often found a more experienced engineer to shadow or go to for advice. 

Rigid standards and a need for dual-skill engineers 

A significant criticism of the current apprenticeship landscape (such as Standard 
ST0322) is its rigidity. As the industry transitions toward A2W and A2A technologies, 
there is a growing need for 'dual-skilled' engineers capable of maintaining both the 
hydronic ('wet') components and the refrigerant circuits. 

Installers have noted that deploying two separate engineers – a plumber and a 
refrigeration tech – to work on a single heat pump is not efficient. As the heat pump 
market expands, particularly with the emergence of A2A systems capable of 
providing hot water, this convergence of skills will become critical. Consequently, it’s 
expected that increasing numbers of traditional heating engineers will seek F-Gas 
qualifications to bridge this gap. The F-Gas certificate is unlikely to provide them with 
the full knowledge necessary to service and maintain refrigerant based systems.  

An example of this knowledge gap was highlighted by a homeowner recruited into 
the Electrification of Heat trial. A minor refrigerant leak occurred on her A2W split 
system. However, as the service engineers were heating, rather than refrigeration 
specialists, the issue was not remedied until after the trial had finished two years later. 
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7. Technical limitations and knowledge 
gaps 

Although A2A heat pumps are a mature technology with decades of global 
deployment, specific knowledge gaps and operational nuances remain. This section 
outlines the current technical limitations and details best practice strategies for 
mitigation. Furthermore, it identifies the key questions surrounding the technology 
that remain unanswered by current data. 

Stack effect and temperature sensing issues 

During our conversations with homeowners, we noted that some units would 
sometimes fail to reach the target room temperature. This issue is not universal and it 
primarily occurs when the unit is used for intermittent heating (warming a room from 
cold) and is exacerbated by running the unit at lower fan speeds. 

Our investigations, supported by insights from heating expert Edward Louie at the 
Pacific Northwest National Laboratory, identify the primary driver as the ‘stack 
effect.’ When units operate at high heat loads and low fan speeds, warm, less dense 
air stratifies and rises rather than mixing into the room.  

Some units have the room temperature sensor in the intake airstream, directly above 
the heat exchanger. This positioning can cause the unit to read the room 
temperature from the warm recirculated air and shut off prematurely. This effect is 
exacerbated by some units using very simple internal logic to control when the unit 
switches on and off.  

One unit that was found to suffer from this issue stopped the compressor, and 
therefore the heat input, if the intake temperature sensor was two degrees above 
the target temperature for two minutes. The unit would then have a compressor 
protect ‘time out’ and would stay off for two minutes.  

Homeowners have attempted various mitigation strategies to reduce this effect with 
mixed results. Simply increasing the setpoint or adjusting the temperature offset in 
the service settings can lead to overheating as the room temperature stabilises after 
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reheat. While increasing the fan speed can reduce stratification and aid air mixing, it 
can simultaneously increase the noise to an unacceptable level. 

The most effective solution appears to be fitting third-party thermostats that override 
the internal sensor with an external reading. But this method is not foolproof, using an 
external thermostat on some systems can interfere with the heat pump's internal 
logic and reduce efficiency. 

Manufacturer support for this issue is currently limited, this is because most units are 
designed with cooling in mind, rather than heating. We advise potential buyers to 
check whether units can operate with an external thermostat or have the room 
temperature sensors situated out of the intake air stream if they plan to use the units 
intermittently. 

Modulation and sizing  

In mild weather, certain high-end A2A systems can modulate their input power to 
extremely low levels – with some single splits observed using as little as 100W 
continuously (and larger multi-splits around 250W). 

However, not all systems possess this capability. There are many units with poor 
modulation ranges. These units can short cycle (turn on and off repeatedly) when 
the heat demand is low. The consequence is a comfort penalty, as the system 
alternates between blowing warm air and unheated room-temperature air. 

This occurs because many units keep the indoor fan running to accurately sense the 
room temperature, even when the heating element (compressor) has cycled off. If 
the unit is positioned poorly, this circulation of unheated air is perceived by the user 
as a cold draught. 

This cycling is more perceptible in A2A systems than in a weather compensated A2W 
setup. A2W systems utilise a large volume of water as a thermal buffer, allowing 
radiators to continue releasing heat gently even when the heat pump cycles off. 
A2A systems lack this buffer, meaning the loss of heat output is immediate. 

Currently, there is no comprehensive dataset documenting the true modulation 
ranges for A2A systems. While manufacturer datasheets list ‘minimum input power,’ 
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this metric is often misleading. It is frequently calculated as an average over a test 
cycle rather than the lowest continuous output the unit can sustain. 

For example, a unit with a true minimum modulation of 300W might cycle on and off 
in equal two-minute intervals. Because it is off for half the time, the manufacturer 
may report the average consumption as 150W. This hides the fact that the unit 
cannot actually run steadily at 150W, masking potential short-cycling issues. 

Grouping 

When there are multiple external heat pumps, there is no established best practice 
for how best to group indoor heads onto external heat pumps. It remains unclear 
whether systems should be grouped based on usage patterns (eg, 'day rooms' vs. 
'night rooms'), physical proximity (to minimise pipe runs), or peak thermal loads. 

This uncertainty leads to efficiency penalties. For example, a homeowner may install 
a high-capacity outdoor unit sized to meet the peak cooling demand of multiple 
rooms. However, if they routinely heat only one of those rooms, the powerful outdoor 
unit may struggle to modulate down far enough to match that single, small load. This 
mismatch might cause short-cycling and reduce efficiency and comfort. 

Long pipe runs 

Long pipe runs will reduce efficiency. This effect is especially pronounced with 
multi-split systems with many internal heads. The technical reason for this is due to 
most systems having no control (via an expansion valve) on the vapour line. This 
means that when the compressor is running, hot vapour is pushed to all internal 
heads regardless of whether the user is calling for heat from them. This hot vapour 
can sit in external refrigerant lines and lose heat to the external environment.  

Output and efficiency vs fan speed 

Unlike A2W radiators which rely on passive convection, A2A units use fans to force air 
through a heat exchanger. This effectively makes the 'radiator size' variable: 
increasing fan speed increases the rate of heat transfer, simulating a larger emitter. 
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This variability has thermodynamic consequences. To deliver a specific heat output 
at a low fan speed (a 'small' radiator), the air must be heated to a higher 
temperature. When the heat output requirement is high, this could require the 
compressor to do more work to increase vapour pressure and raise the refrigerant's 
condensing temperature, which lowers the COP. 

Conversely, high fan speeds allow the system to eject heat easily at lower 
condensing temperatures, improving COP. (Note: there is a saturation point; once 
condensing temperature approaches room temperature, further fan speed 
increases yield diminishing returns). Meaning that for a well-specified system this 
effect may only be prevalent on very cold days. 

In practice, maximising this thermodynamic efficiency conflicts with acoustic 
comfort. Most interviewees prioritised silence, running units in 'quiet mode' or at very 
low speeds (setting one or two, out of five). Most homeowners had internal heads 
spread around the house, reducing the need for one head to run very hard. 
However, under high heat loads, this preference for quiet operation restricts the heat 
exchanger's capacity, forcing the compressor to work harder and hotter to 
compensate. 

This suggests a design implication: in some cases installing more indoor units running 
at low fan speeds is preferable to fewer units running at high speeds. Distributing the 
load across multiple units maintains a large total 'effective radiator size,' allowing for 
low condensing temperatures and high efficiency without sacrificing acoustic 
comfort.  

However, this creates an inherent paradox. One of the primary selling points of A2A 
technology is the high power output of individual units, which theoretically allows a 
home to be heated with very few emitters. Optimising for efficiency and silence 
therefore might, in specific cases, reduce this benefit. 

Do ionisers prevent mould? 

Future research should evaluate the effectiveness of proprietary ionisation systems 
(eg, Daikin ‘Flash Streamer’, Panasonic ‘nanoe X’, Mitsubishi Electric’s ‘Plasma 
Quad’) in preventing mould in real-world settings. 
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While manufacturers provide laboratory data demonstrating the efficacy of these 
systems in neutralising airborne pathogens and spores within sealed test chambers, 
substantial unknowns remain regarding their effectiveness in real-world housing 
stock.  

While ionisers can theoretically denature the protein shells of airborne spores as they 
pass through, it is unclear if the concentration of ions (hydroxyl radicals) dispersed 
into the room would be sufficient to neutralise spores in situ on cold surfaces (eg, 
thermal bridges, corners behind furniture) before they can germinate. 

It would be beneficial to determine whether these units can transcend their primary 
function as heating devices and serve as a line of defence against mould growth in 
poorly-ventilated British homes. 
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8. When to use A2A instead of A2W 

The choice between A2A and A2W heat pumps depends on property 
characteristics, occupancy patterns, existing infrastructure and homeowner 
priorities. While A2W systems are often the default recommendation for whole-house 
heating, A2A should be considered a viable alternative for much of the UK housing 
stock. 

Furthermore, there are specific scenarios where A2A offers a distinct advantage, 
particularly where cooling is required, where installation disruption must be 
minimised, or where the property lacks an existing hydronic ('wet') heating system. 

Contexts where A2A might be better suited than A2W 

Properties without an existing hydronic heating system 

Installing a full hydronic heating system in an existing property that doesn’t already 
have one is expensive and disruptive. It often requires significant work across the 
entire home. The addition of radiators may also add new limitations to room layout 
options, which may be unappealing to some homeowners. 

A2A heat pumps offer a solution to these challenges by bypassing the need for 
hydronic infrastructure entirely. Crucially, as they use heat-pump technology, they 
offer significantly lower running costs than other A2W alternatives for these homes. 
While electric radiators, storage heaters and infrared panels are limited to 100% 
efficiency (SCOP of 1), A2A systems should achieve efficiencies in excess of 300%, 
potentially exceeding 400%. 

Properties that require cooling 

A2A is currently the only heat pump solution capable of delivering both heating and 
effective, minimally-disruptive cooling in a single package. While A2W systems can 
provide cooling, this typically requires hydronic fan coils to be effective, adding 
additional costs and work. This makes A2A heat pumps the logical solution for homes 
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with cooling and heating needs, eliminating the requirement to install separate A2A 
and A2W systems. 

While there are theoretical efficiency increases resulting from having dual A2A and 
A2W systems operating in tandem, currently these systems lack the software 
capability to communicate with one another, and therefore optimise behaviour and 
output.  

Properties with constraints 

There are some factors that can make A2W difficult or more expensive to install in 
certain contexts. However, some of these constraints can be easily overcome by 
installing A2A instead. 

For example, A2A systems are useful for smaller homes or flats where it may be 
difficult to find the space for a hot water cylinder, larger radiators or the additional 
internal components that are required for an A2W system. As most A2A systems only 
provide space heating, a hot water cylinder or suitable alternative will eventually 
need to be installed to replace the existing gas boiler and fully decarbonise the 
home’s heating.  

Despite this, installing an A2A heat pump allows homeowners who might not 
otherwise decarbonise their heating in the short term to largely do so, as space 
heating accounts for about 75% of domestic gas. It can also give homeowners more 
time to understand the choices for hot water provision, or consider how space can 
be found for a hot water cylinder or compact alternatives. 

A2A heat pumps are also particularly advantageous for properties where legacy 
plumbing issues would require significant remediation. Common challenges can 
include inaccessible, uninsulated pipe runs or existing pipework with insufficient flow 
capacity for low-temperature heating. Rectifying these issues can add additional 
cost, disruption and complexity to an A2W heat pump installation. 

Those with financial constraints can also more easily spread the cost of A2A  
installations over time. One interviewee added A2A piecemeal as funds became 
available. If taking this approach, it’s recommended to plan the full system in 
advance. 

 
nesta.org.uk​ 67 

https://www.gov.uk/government/statistics/energy-consumption-in-the-uk-2023
https://www.gov.uk/government/statistics/energy-consumption-in-the-uk-2023
https://www.nesta.org.uk/


 
 

Open-plan properties 

In open-plan properties, A2A systems are often more cost-effective than A2W 
systems. This is because open-plan layouts allow for air to circulate freely within a 
property, so fewer indoor units can effectively heat the same amount of space as a 
closed-plan layout of the same size. 

Low heat loads 

For high-performance buildings (such as those built to Passivhaus standards), the 
total heat load is often too low to justify the capital expense of a full hydronic 
radiator system. In this situation a few internal A2A heads, considerately placed, can 
provide enough heat to warm the entire property.​
​
Furthermore, the excellent modulation capabilities of high-end A2A units allow them 
to maintain low output levels. This can provide 'trickle' heating that avoids any risk of 
overheating the property. 

Occupancy factors 

A2W and A2A systems are most comfortable and efficient when operating in a 
continuous heating pattern. While A2W heat pumps can be operated intermittently, 
the response time to begin warming a room from being cold might be in the tens of 
minutes to an hour or more. By contrast, A2A systems can provide warm air within 
three to four minutes, and enable precise room-by-room control from each indoor 
head. This makes them well suited for those who want or need to use an intermittent 
or partial heating pattern. This can be useful for shift-workers or those who are 
particularly conscious about reducing heating costs.  

As A2A is inherently zoned, homeowners can also only heat rooms when they’re 
used. This can be useful for those who spend the majority of their day in a single 
room, such as a home office, or when one room in the house tends to be much 
colder than others. It can also enable vulnerable people to heat the room they’re 
currently in to a higher temperature than the rest of the house, without exposing 
them to excessive costs. 
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Fuel poor households 

While A2W heat pumps provide excellent efficiency and heat at low costs when 
installed, commissioned and operated correctly, human factors can limit the 
effectiveness of A2W heat pumps in fuel poor homes. 

Fuel poor households are more likely to underheat homes, only heat rooms they use 
or only turn on the heating once they get uncomfortably cold. These strategies can, 
in cases, lead to inefficient or expensive A2W operation. 

As A2A may allow homeowners to vary their heating patterns without such a 
significant efficiency or financial penalty, they may be a better option for fuel poor 
households. 

The rapid warm up and almost instant heat provided by A2A internal heads makes it 
obvious to households when indoor units are on. This is important as some fuel poor 
households have struggled to understand the comparatively cool radiators resulting 
from lower flow temperature A2W systems. The warm air from the A2A internal head 
may act as a reassurance and provide more of a feeling of control over choices.  

Heat pump comparison: A2W vs A2A 

Installation comparison 

Factor A2W A2A 

Installation time  
team size 
dependent 

3–5 days typical; longer if 
radiator upgrades or pipework 
modifications required 

1–5 days depending on system size; 
typically faster 

Survey costs   £0–£450 usually deducted from 
the cost of installation if the 
customer accepts the quote 

Typically zero cost 

Disruption level Typically higher: 
●​ pipework, radiator 

changes, cylinder 
installation, potential 
floor lifting  

Typically lower: 
●​ drilling through walls for 

refrigerant lines; low chance 
of floor lifting 

●​ work is predominantly external 
or in unoccupied spaces 
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Factor A2W A2A 

May improve with ‘zero disrupt’ 
installation models 

Wet system modifications (removing 
radiators or upgrading the hot water 
system) can be done at a later date 
to spread and minimise disruption if 
needed. 

 

System performance and suitability comparison 

Factor A2W A2A 

Heating pattern 
flexibility 

Best suited to continuous 
heating due to response time  

More suitable for intermittent use and 
room-by-room zoning due to rapid 
response  

However, there are potentially 
performance penalties from these 
methods 

Property type 
suitability 

Better with properties with 
existing wet systems, space for 
hot water cylinder, and 
adequate radiator sizing 

Any property, but particularly suited 
to those without wet systems, with 
limited space, or with complex 
existing pipework 

Noise sensitivity Better for noise-sensitive 
people 

Better for those not sensitive to noise, 
due to fan noise from the internal unit 

Cooling 
capability 

Not standard: cooling requires 
hydronic fan coils (described 
below) 

Yes 

Hot water 
provision 

Integrated Separate solutions are often required, 
though this will change as more 
products that provide integrated hot 
water come to market 

Hydronic fan coils 

A hydronic fan coil unit (FCU), mentioned in the table above, is a radiator alternative 
that uses a fan to force air through a heat exchanger instead of relying on the 
natural convection of rising heat. Hydronic fan coils require an electricity supply to 
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operate the fan, and for effective cooling require the pipes that feed them to be 
insulated as they might be cooled below the dew point and have condensation 
form on them.  

FCUs are essential for cooling because standard radiators cannot effectively 
circulate cold air. In appearance and operation, FCUs are nearly identical to the 
internal units of A2A systems, differing only by circulating water rather than 
refrigerant gas. 

As blown air transfers energy more efficiently than natural convection, an FCU can 
be significantly smaller than a traditional radiator while delivering the same thermal 
output. 

Cost comparisons 

Cost comparison summary 

Factor A2W A2A 

Costs From £7,500 (whole house) before 
grants 

£7,500 grant available to homeowners 
in England, Wales and Scotland 

From £1,400 (single room) 

£2,500 grant – available to 
homeowners in England and 
Wales from 2026 

Running costs Running costs will depend on how the system is used, but are likely to be 
comparable 
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Cost comparison: Three-bed property (with upgraded/new hot 
water cylinder) 

Solution​  Components Pre-grant cost Grant Post-grant cost 

A2A multi-split + 
DHW immersion 

Four head multi-split 
(£6,000–£9,500) + 
immersion heater 
cylinder (£1,500) 

£7,500–£11,000​ £2,500​  £6,000–£9,500 
(see note 
below) 

A2W heat pump 
– with existing 
wet system 

Full A2W system with 
new DHW cylinder
​  

£11,500–£15,000 £7,500 £4,000–£7,500 
(see note 
below) 

A note on post grant costs 

In the table above, costs associated with administering the government grant are 
already factored into A2W pricing, but not into A2A pricing. We expect the 
administration cost of a grant-funded A2A installation to be comparable to that of a 
grant-funded A2W installation, due to the similar requirements. This might minimise 
the effectiveness of the A2A government grant as the cost of installation may 
increase to accommodate extra administration costs. 

Before grants, A2A with separate DHW may be the cheaper option. However, the 
larger BUS grant available for A2W in England and Wales (£7,500 vs £2,500), 
combined with the current lack of any A2A grant in Scotland, means A2W can work 
out cheaper post-grant for a typical three-bed property, assuming minimal radiator 
or hot water cylinder upgrades are needed. 

A2A retains a cost advantage where significant pipework or radiator upgrades 
would otherwise be required, or where cooling is valued. It may also prove more 
economical in smaller properties and those where layout or occupancy patterns 
allow a reduced number of indoor units. 

Future grants for DHW solutions, or for A2A systems with integrated hot water, would 
shift this cost balance further. 
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