assivhaus
Trust

The UK Passive House Organisation

Air-to-water heat pumps
The basics of energy efficiency

September 2024

Endorsed by:




Air-to-water heat pumps - The basics of energy efficiency 2

. ' I was working as a physicist. | read that the construction industry had experimented with
adding insulation fo new buildings and that energy consumption had failed fo reduce. This

offended me - it was counter fo the basic laws of physics. | knew that they must be doing something

wrong. So | made it my mission to find out what, and to establish what was needed to do it right. §1
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INTRODUCTION

Who is this for?

This guidance is for designers at initial stages of design. It covers design choices that have a big
impact on energy performance, including some simple aspects that are easy to understand,
and some more complex aspects that are often missed. Most can be applied to any project
irrespective of building energy standards.

It's not super detailed so your exact scenario might not be catered for completely. We
recommend CIBSE and Heat Geek as good sources for more specific guidance, and PHPP is
also helpful in determining what is effective for your specific project.

Why did we write this?

Even experienced services engineers often miss basic design choices that have a substantial
impact on performance. This paper covers air-to-water heat pumps, as this is the area where
the greatest opportunities to improve performance are to be found. Other types of heat pump
can perform very well and can be good solutions.

Further resources

Find out more from CIBSE:
https://www.cibse.org/knowledge-research

Find out more from Heat Geek:
https://www.heatgeek.com/category/knowledge/

Find out more from the Passivhaus Trust:
e The Right Time for Heat Pumps: Decarbonising Home Heating in a Staged Retrofit
https://pht.guide/HeatPumpsRetrofit

. How to Build a Passivhaus: Good Practice Guide
https://pht.guide/HowTo

nme} for heqt Pumps
fNiedting in o Staged refrofif

Aprif 2024
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SUMMARY FOR GOOD PERFORMANCE

There are various aspects of systems and heat pumps that have an impact on performance,
but the most critical is flow temperature. The lower the flow temperature to the heat pump,
the better the performance. For heating systems, flow temperature should be below 40°C and
preferably below 30°C.

How to get flow temperatures low, the basics

@ For space heating, the emitters must be sized so they can deliver the peak heating
demand at a reduced temperature. Services engineers need to be aware of this early so
they can ensure they are large enough.
See sizing section

e The flow temperature can be reduced further outside of peak load conditions as the
required output will be less.
See controls section

e Avoid coupling systems of varying temperatures (e.g. serving heating and hot water) if
this results in the whole system running at the higher temperature. This is usually the case
for non-domestic buildings where systems serve heating and hot water.
See 'what to serve' section

Further system basic considerations

e Using PHPP to check system performance is quick and helpful. Aim for Seasonal
Performance Factor (SPF, referred to as SPF, , in PHPP) above 4, with SPF of 3 as the
minimum.
See PHPP section

@ For non-domestic systems, avoid coupling together systems that run at different time
schedules. This can result in heat pumps and additional components being kept online
when there is no need to.
See ‘what to serve’ section

e® For heating, review performance during low and typical as well as peak conditions.
Select your heat pump to run at peak efficiency at typical conditions and consider how well
it modulates in other conditions. Domestic heat pumps are generally good at modulating
down to lower capacity, but for larger (>30 kW) systems, modulating to lower capacity is
unusual and if not carefully managed results in poor performance.
See sizing section

e Reduce distribution losses, particularly of pipework externally. Shorten pipe lengths and
choose insulation carefully.
See distribution section

e While it is not a requirement of Passivhaus certification, we encourage the use of heat
pumps with low GWP (global warming potential) refrigerants. Both CO2 (R744) and
propane (R290) systems are available and have a GWP <3.
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MORE DETAILED GUIDANCE

What to serve

Domestic installations

These usually consist of one heat pump for both heating and hot water because the cost and
space of two systems would be difficult to manage. The heat pump should be controlled to
switch temperatures depending on what it's serving, i.e. warmer for hot water and cooler for
heating. Again, the aim is to allow the heat pump to deliver the lowest flow temperature for
each demand, so always avoid mixing down.

Non-domestic installations

In this case, designing separate systems to serve different demands (heating and hot water) is
usually the most efficient. This is because combining them results in:

@ Parts of the system running at a higher temperature than otherwise required. E.g. hot
water must run at a higher temperature than heating. Having separate systems means
each heat pump can be selected for peak efficiency at the temperature it has to deliver.

e Parts of the system running for longer time periods than they would otherwise, resulting in
greater heat losses into the building and greater energy consumption.

® Poor matching of load to heat pump output, as the load is likely to vary a lot more. Poor
matching results in a system that is unlikely to be running at peak efficiency.

For situations where there is a low hot water demand, such as schools or offices, point-of-
use electric is usually the best solution as it reduces distribution losses - even for Passivhaus
projects, monitored losses are often higher than estimated.

For cases where there is a high hot water demand, it is still just as important to separate
the systems for the reasons outlined above. As with all hot water design, locating the heat
generation near the outlets is best practice.

Note that separate heat pumps for different demands require more space, so design decisions
need to be incorporated early. If you are in the unfortunate position of a common system that
serves both heating and hot water, keep the primary distribution to an absolute minimum and
separate the systems as early as possible - i.e. do not have a common buffer tank.

Distribution losses

Carefully locate heat pumps to avoid long primary circulation. Whether it's refrigerant or
heating pipework, the losses are significant. The PHPP does flag up a warning with extreme
losses, but it is set at a very high threshold and even quite poor designs can achieve this. If
there are significant losses this might also impact on the flow temperature.

External distribution losses

e Keep all valves, strainers and other components that aren't plain pipework inside the
building. These are unlikely to be insulated well, and it's easier to maintain them inside.

e Keep external heating and refrigerant pipework short as possible.

@ Choose an insulation material carefully to ensure that it can fit snugly around bends and
that it will protect against water ingress and damage - for example, ArmaFlex Tuffcoat with
pre-made bends.
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Sizing & selecting a heat pump

Modulation

Find out the minimum output of the heat pump (sometimes called turn down capacity or on-
off control). Consider this as part of selection when comparing heat pumps. This is to ensure
they can effectively deliver the load profile over the course of the year, not just the peak.
Choosing a unit that can easily modulate reduces system cycling, which has a negative impact
on heat pump efficiency. At present there is no specific guidance on how much is good enough
- further research is required.

In addition to the ASHP selection, providing a greater system water content also reduces
cycling. See emitter size section.

Smaller installations (< 30 kw)

For individual homes, dwellings within flats or small commercial units where a single heating
zone can be utilised, buffer vessels are not usually required. See controls section.

Heat pumps can be found with very good modulation at this size.

Larger installations (> 30 kW)

Many larger units have limited modulation so it's even more important to check - often heat
pumps only have stepped fixed speed outputs. This is not idea,l but can be overcome to some
extent by using multiple units. Such a system is likely to need a buffer tank.

For larger buildings where a single zone isn't achievable, a buffer vessel(s) may be required.
The sizing and number of them should be limited as they result in greater heat losses and
there may also be a reduction in the flow temperature (affecting COP). For example, with
multiple heat pumps a buffer tank should only be sized for a single heat pump.

Building heat loss
An accurate estimate of building heat loss is essential to avoid oversizing of heat pumps:

e Do not use default air change rates for a retrofit. The default figures are often very high
and it is recommended to do an air test and use the actual figure.

e Consider what temperature the building is being heated up from (i.e. agree on a setback
temperature) and how long it is acceptable to take to heat the building up.

® Review heat loss calculations to ensure they aren't too conservative and include aspects
such as MVHR. Consider cases such as variable airflow systems, as high airflow (greatest
heat loss) is likely to correspond to high internal gains.
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Emitter sizing and system flow temperature

Space heating

Design the system for the lowest flow temperature. Consider emitters such as fan convectors,
fan assisted radiators or underfloor heating where flow temperature of the heat pumps can
be <30°C. Below this temperature we can be confident the heat pump can operate at a good
SPF. For radiators, flow temperature <40°C",

Larger installations: watch out, it is the temperature the heat pump is trying to achieve that
makes the system perform; Sometimes the temperature to the heating circuit is low, but due
to storage cylinders or heat exchangers the temperature from the heat pump is much higher.

In addition, to limit short cycling provide a greater water content for the system. This can be
achieved by specifying the output of the heat emitters to be greater than the minimum output
of the heat pump at its lowest (weather compensated) flow temperature. This allows the heat
pump to run longer as it heats up all the water in the system, then the heat pump cuts out
until there is a further call for heat.

The ASHP will need a minimum volume of water available for defrost. This information will be
provided by the manufacturer but may take some digging to find. If this can't be achieved with
the heating circuit a volumizer (aka 2 port buffer in return circuit) can be used.

Domestic hot water

o Keep the flow temperature of heat pumps serving DHW as low as possible’ (while having
due regard to legionella risk control).

® For heat networks serving heat interface units (HIUs), best practice is to set system flow
temperature as low as possible while still achieving appropriate domestic hot water flow
temperature. Typically 55°C system flow is acceptable. Return temperature and AT are
important too. This is impacted by the distribution network as well?,

Heat pumps providing cooling

There is increasingly a need to build in cooling, and often the design will rely on the heat
pumps to meet this need as well as heating. Take care to ensure that the loads are suitably
matched - summer and winter modes may require different outputs, in which case separate
systems may be more efficient.

Watch out for turn down in heating and cooling - it may be different, which could result in
greater water content.

1 There are sometimes exceptions to the rule. For example, a CO2 ASHP works best with a higher flow
temperature and a low return. This makes them a good solution for domestic hot water, so long as the system
is arranged so that the heat pump is heating the incoming cold water directly up to hot. Always make sure the
characteristics of the heat pump and associated components match the temperature profile.

2 See Heat Networks: Code of Practice for the UK (CIBSE, 2021). Available online: https://www.cibse.org/
knowledge-research/knowledge-portal/cp1-heat-networks-code-of-practice-for-the-uk-2020-pdf
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Controls

The optimum way to operate a heat pump is to run for longest hours at lowest flow @) . &
temperatures, i.e. to keep the heating on all the time. For more on this, see The right time for ,:1-‘-" k= %:E.!; ,JS
heat pumps: Decarbonising home heating in a staged retrofit (PHT, 2024). If a setback is to be ¥ «*9 @ :ﬁ;”:;‘* z
used, set a daily unoccupied temperature close to the occupied temperature, with a lower "i %r,:é:":’ o] g
setback for holiday mode. @3}.- {ﬁ; 2
Once the demand has been met, it is important to turn the system off to avoid using pump pht.guide/
power unnecessarily. HeatPumpsRetrofit

Keep system controls simple - for example, minimise the amount of zoning or have no zoning
and make most of the room control, such as very simple thermostatic radiator valves (TRVs).
This means that the heat pump can modulate effectively and reduces cycling on and off. Single
zones means that buffer vessels are unlikely to be required.

To reduce flow temperature and therefore increase heat pump performance, the best solution
is to modulate the flow temperature based on internal temperature - i.e. as the internal
temperature increases, reduce the flow temperature. This is called room compensation, and
can be used in conjunction with weather compensation (external temperature). It is normal for
domestic units but is less common for commercial controls.

Try to reduce how long the system (especially buffer vessels) are kept warm and pumps are
operating. Turn off once demand has been met and do not heat outside of heating season. For
defrost, tepid water should be sufficient.

For hot water, make sure the heat pump can achieve any legionella protection (e.g. high
temperature purge) as this is more efficient than the alternative of direct electricity.

Ask suppliers about monitoring options. More detailed monitoring will allow fine tuning and
greater understanding of real system performance.

Input to PHPP 10

4 R
The heat pump data is inputted to the Components tab. Take care to input all the |
information correctly. In particular, note that the modulation is inputted under the Components
“on-off limit” in column XD. |

A %

4 R

On the HP tab, “heat pump control strategy” cells N28 & N50 indicate if weather
compensation is included.

Check that the temperature the heat pump is supplying matches inputs to PHPP in
column N on the HP tab.

. vy

4 N
On the DHW+Distribution tab, “flow temperature control” in row 33 can be ticked if the
system turns the heating circulation off when the demand has been met.

Take care to enter the correct temperatures for the various elements of the system into DHW +
the DHW+Distribution tab as there may be parts of the system at different temperatures. Distribution

Ensure inclusion of auxiliary components such as buffer vessels, pipework, ducts
(if ducted heat pump), pumps etc. in the PHPP model so that the whole system is
represented.

. v
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The Passivhaus Trust is an independent, non-profit
organisation that provides leadership in the UK for the
adoption of the Passivhaus standard and methodology.

Passivhaus is the leading international low energy design
standard, backed with over 30 years of building performance
evidence. It is a tried & tested solution that enables a
meaningful transition to net zero now. The Trust promotes
Passivhaus as a robust way of providing high standards of
occupant comfort and health AND slashing energy use and
carbon emissions from buildings in the UK.

Please find us on X, Linkedin, & Instagram @PassivhausTrust.
Keep up to date with all things Passivhaus by joining our
mailing list.

www.passivhaustrust.org.uk
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