
NOISE AND VIBRATION FROM 

AIR SOURCE HEAT PUMPS

Richard Mackenzie

RMP Acoustics

Edinburgh Napier University

Team lead DECC (now DESNZ) ASHP noise project (EE0214)



Presentation content

• Introduction to ASHP

• Planning and Permitted development rights 

• Microgeneration Certification Scheme

• REHIS guidance and Local Authority criteria

• Noise from ASHP 

• Predictions of noise from ASHP

• Mitigation options

• Vibration 



Introduction to ASHP

• Along with wind turbines and solar panels,

heat pumps have an important role to play in

achieving Government's strategy to reach net
zero carbon emission by 2050. ‘Air source heat
pumps get £409 million government boost’.

• ASHP will largely replace gas boilers which will

be banned in new housing from 2025.

• However this is introducing an external noise

source which has its roots as commercial plant
into residential areas.



What is an Air Source Heat Pump?

In addition to the main refrigeration components, ASHPs also include

a fan, to push a greater amount of air through the external heat

exchanger, in order to accelerate the heat transfer process.

An ASHP takes latent heat from

outside air and concentrates it to a

higher temperature, high enough to

provide heating to, for example, a

domestic central heating system.

ASHPs work much like a domestic

refrigerator whereby heat energy is

transferred from one place to another

using heat exchangers and a

refrigerant fluid going through a

process of compression and

expansion.
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Introduction to ASHP

• The main components of the ASHP in terms of noise 

generation are the compressor and the fan, with slight 

noise also provided by the expansion valve and any 

electrical transformers associated with the system.

• A variety of compressor types could be used within an 

ASHP system such as reciprocating, scroll or screw 

types. However, the scroll type is generally favoured 

by ASHP manufacturers on account of its higher 

efficiency, lower maintenance and lower noise level.

• Fans used in ASHPs are typically of the axial type, with 

four blades, although centrifugal fans are sometimes 
used.



Introduction to ASHP









Defrost cycle

As the refrigerant expands and cools during the

refrigeration cycle, it is at a lower temperature than the

ambient air. This can cause water in the air to condense

and freeze on the heat exchanger. The frozen water

reduces the efficiency of the heat exchange process and

therefore ASHPs run a defrost cycle.

During this cycle, the compressor will run in reverse for a

short time at its maximum power. This increases the

temperature at the heat exchanger and melts any ice

which has collected. However, the process can produce a

different noise signature, and with the absence of any

masking noise provided by the fan, any tones can be
more prominent than during normal operation.



Planning and Permitted development rights 

Is planning permission required for ASHP ?

• Yes, for all new residential and non-residential developments 
such as commercial properties, schools, hospitals, offices etc 

• For new ASHP in existing residential properties, The Town 
and Country Planning (General Permitted Development) 
(Scotland) Amendment Order 2016 sets out strict criteria 
which if satisfied results in no planning application being 
required. 

• If the PD criteria is not met a planning application is 
required.   



Planning and Permitted development rights

Some Council’s have provided 
checklists for residents to 

determine if planning 
permission is required, such as 

this example from Perth and 
Kinross Council 







Microgeneration Certification Scheme



Microgeneration Certification Scheme

• Sets a maximum ASHP level noise limit of 
42dB LAeq, 5 mins at the façade of the nearest 
residential property. The limit is likely 
derived to achieve the BS 8233:2014 night 
time internal noise level allowing for the 
window of the receiving property to be 
open.  

• 42dBA + 3dBA (façade correction) -15dBA 
(open window) = 30dBA (inside) (About ~NR 
24).



Microgeneration Certification Scheme

MCS sets out a simplified 
calculation method for 

predicting the noise level 
at the nearest 

neighbouring  residential 
properties 



Microgeneration Certification Scheme

Some local authorities provide calculation sheets to 
assist residents, see Shetland Council 

https://www.shetland.gov.uk/downloads/downloa
d/388/air-source-heat-pump-noise-calculator

The Institute of Acoustics also provides general 
advice sheet and a calculation sheet.  This goes one 
step further than the MCS procedure by giving the 

option of adding a tonal correction to the calculation 

https://www.ioa.org.uk/heat-pump-briefing-notes-
calculation-sheet-ioa-cieh

https://www.shetland.gov.uk/downloads/download/388/air-source-heat-pump-noise-calculator
https://www.shetland.gov.uk/downloads/download/388/air-source-heat-pump-noise-calculator
https://www.ioa.org.uk/heat-pump-briefing-notes-calculation-sheet-ioa-cieh
https://www.ioa.org.uk/heat-pump-briefing-notes-calculation-sheet-ioa-cieh


MCS Microgeneration Installation Standard: MIS 3005

2.5 MIS 3005 Issue 5.0 (2017) provides guidance on installation of heat pump

systems. Subsection 6.3 SITE SPECIFIC ISSUES the following has been recommended.

6.3 SITE SPECIFIC ISSUES

6.3.1 Heat pumps should be located according to the manufacturer’s instructions.

Note: For air source heat pumps, these will include consideration of factors that may 
detrimentally affect the performance of the heat pump system such as recirculation of 
chilled air.

6.3.2 Heat pumps should not be located adjacent to sleeping areas or on floors that can 
transmit vibration.

6.3.3 Anti-vibration pads/mats/mounts and flexible hose connections should be 
installed according to the manufacturer’s instructions to reduce the effects of vibration 
on the building structure.

6.3.4 The location of external fans and heat pump compressors should be chosen to 
avoid nuisance to neighbours and comply with planning requirements.  Note: See MCS 
020 

6.3.5 Internal fans and ducts should be fitted with sound attenuation devices where 
required to meet recommended or required sound levels.



REHIS guidance and Local Authority criteria

If you need to get planning permission, it is likely that
you will be asked by the local authority to
demonstrate that the noise from your ASHP will not
cause disturbance to adjacent properties. This is
normally achieved by submitting a Noise Impact
Assessment, undertaken by a competent acoustic
engineer.

https://www.association-of-noise-
consultants.co.uk/

https://www.association-of-noise-consultants.co.uk/
https://www.association-of-noise-consultants.co.uk/


REHIS guidance and Local Authority criteria

Guidelines on acceptable environmental noise levels 
are provided in the REHIS guidance document, 

Briefing Note 017



REHIS guidance for plant noise 

Inside with window open, except for exceptional circumstances.  



Typical Local Authority criteria 

• East Lothian Council - ‘shall not exceed Noise Rating curve 
NR 20 at any octave band frequency between the hours of 
2300-0700 and Noise Rating curve NR 25 at any octave band 
frequency between the hours of 0700-2300 within any 
neighbouring residential property. All measurements to be 
made with windows open at least 50mm.’ 

• Angus Council – ‘Noise from any or all mechanical and 
electrical plant or equipment associated with the 
development hereby permitted shall not give rise to a noise 
level assessed with windows open within any dwelling or 
noise sensitive building in excess of that equivalent to NR 25 
between 2200 and 0700 hours and NR 35 at all other times.’ 



Local Authority criteria 

• City Of Edinburgh Council - will use the NR 25 criteria with 
windows open, but will no longer apply a suspensive 
condition.  Will request a worked design and mitigation to NR 
25 and will condition specifications and drawings.  Difficult to 
do at planning stage as plant not specified and also not flexible 
post planning.   

• Glasgow City Council - criteria for plant noise are typically 
based on a noise rating of NR 35 daytime (0700hrs – 2200hrs) 
and NR 25 night-time (2200hrs – 0700hrs) not to be exceeded 
with noise sensitive receptors with windows closed.

• Aberdeen City Council - NR 25 is generally used as the design 
criteria for protection in bedrooms from the noise from fans, 
air conditioning units, ventilation systems etc. at night. 



Local Authority criteria

North Lanarkshire Council 



Dundee - noise generated by the external plant 

should be assessed in accordance with the 

guidance given in BS 4142 (2014): “Methods for 

rating and assessing industrial and commercial 

sound”. 

In addition to the BS 4142: 2014 assessment, the 

impact of plant noise should make reference to 

maximum external NR criteria levels of NR 45 

during the daytime period and NR 35 during the 

night-time period outside the nearest residential 

properties. 



Local Authority criteria 

West Lothian - Commercial noise sources such as shop
fans and ventilation systems for example require to achieve
Noise Rating Curve NR 25 during the night when measured
within any living room or bedroom within a noise sensitive
property with windows open for ventilation.

A lower Noise Rating Curve may be applicable depending
on the nature and characteristics of the noise source, for
example where a discernible tone is obvious or where the
existing background noise environment is low (less than
LA90 30dBA) NR 20 may be more appropriate.



What are NR’s ?

Noise Rating Curves are defined in BS 8233:2014 Annex
B. The NR curves are unweighted spectrum based criteria
which requires that the maximum noise level at a range of
octave band frequencies should not be exceeded.

NR 25 is shown in the chart on the next slide as the light
blue line. The test signal in the chart would be rated at
NR 50, as this is the highest curve not exceeded.



NR25

NR35

NR50



Noise levels from ASHP 

In product literature and specifications, manufacturers present the A-

weighted sound power level as required by the Microgeneration 

Certification Scheme(MCS). Some manufacturers additionally provide 

sound pressure level data at defined distances, although sometimes it 

is not stated under which conditions measurements were made. 

It is not common for manufacturers to provide frequency information 

on their ASHPs, but can often provide when pushed.  Manufacturers 

generally do not provide information on tonal/character adjustment 

that may be appropriate.









Noise from ASHP 

Some examples and outcomes from 

the DECC Study



North Pitblae, Fraserburgh

Start up Defrost



Wilson Close, Compton 

Start up Defrost



Manufacturer data vs site measurements 



Distance to meet MCS LAeq 42 dB



Defrost Cycle

For the majority of ASHPs the defrost cycle noise level is lower 
than the normal operating noise level, but on some have a 
tonal characteristic.  



Predictions of noise from ASHP

We have already see the MCS simplified method 
using single dBA

Now look at basic calculations to a Noise Rating 
criteria for single source and receivers  

plus 

3D modelling of complex situations 



Predictions of noise from ASHP
Basic calculation for single source and receiver  

to NR 25
Table 1. Predicted ASHP unit noise level within neighbouring dwelling, dB re 2 x 10-5 Pa

Frequency (Hz) 63 125 250 500 1k 2k 4k 8k LAeq

Manufacturer SPL data 
at 1m from unit (Leq) 54 54 55 53 50 46 41 39 53

Distance attenuation 
(1m/10m), point 
source

-20 -20 -20 -20 -20 -20 -20 -20

Angle of view 
correction

-3 -3 -3 -3 -3 -3 -3 -3

Façade corrections, at 
source and receiver

+9 +9 +9 +9 +9 +9 +9 +9

Open window 
attenuation

-15 -15 -15 -15 -15 -15 -15 -15

Predicted Internal 
Levels

25 25 26 24 21 17 12 10 25

NR 25 55 44 35 29 25 22 20 18

Exceedance - - - - - - - -



Cadna A 3D Noise Model for single source and 

multiple receivers



3D Noise Model for multiple ASHP sources and 
receivers   



Models only as good as input data and selected 
options.  Façade absorption/reflection, source 

spectrum, source size and height all need 
confirmed



Mitigation Options

Not just to protect the neighbours !

‘The noisy heat pump in our new home is keeping us awake at 
night. What can we do ?’

https://www.irishtimes.com/life-and-style/homes-and-
property/the-noisy-heat-pump-in-our-new-home-is-keeping-

us-awake-at-night-what-can-we-do-1.4603397

https://www.irishtimes.com/life-and-style/homes-and-property/the-noisy-heat-pump-in-our-new-home-is-keeping-us-awake-at-night-what-can-we-do-1.4603397
https://www.irishtimes.com/life-and-style/homes-and-property/the-noisy-heat-pump-in-our-new-home-is-keeping-us-awake-at-night-what-can-we-do-1.4603397
https://www.irishtimes.com/life-and-style/homes-and-property/the-noisy-heat-pump-in-our-new-home-is-keeping-us-awake-at-night-what-can-we-do-1.4603397


Acoustic barriers

Reflective

Absorbent



Acoustic barrier example



Acoustic barriers



Acoustic barriers



Acoustic barrier

With 3m high absorbent acoustic barrier should meet NR 25 



Acoustic Enclosures



Acoustic Enclosures



Acoustic Enclosures



Acoustic Screens and Louvers



Innovation
https://www.linkedin.com/post

s/taylor-

wimpey_twfuturehomes-

activity-

7039567585696186368-

UmCl/?utm_source=share&ut

m_medium=member_ios

Taylor Wimpey 

trial of ASHP 

mounted in roof 

space of new 

houses

https://www.linkedin.com/posts/taylor-wimpey_twfuturehomes-activity-7039567585696186368-UmCl/?utm_source=share&utm_medium=member_ios
https://www.linkedin.com/posts/taylor-wimpey_twfuturehomes-activity-7039567585696186368-UmCl/?utm_source=share&utm_medium=member_ios
https://www.linkedin.com/posts/taylor-wimpey_twfuturehomes-activity-7039567585696186368-UmCl/?utm_source=share&utm_medium=member_ios
https://www.linkedin.com/posts/taylor-wimpey_twfuturehomes-activity-7039567585696186368-UmCl/?utm_source=share&utm_medium=member_ios
https://www.linkedin.com/posts/taylor-wimpey_twfuturehomes-activity-7039567585696186368-UmCl/?utm_source=share&utm_medium=member_ios
https://www.linkedin.com/posts/taylor-wimpey_twfuturehomes-activity-7039567585696186368-UmCl/?utm_source=share&utm_medium=member_ios
https://www.linkedin.com/posts/taylor-wimpey_twfuturehomes-activity-7039567585696186368-UmCl/?utm_source=share&utm_medium=member_ios


Vibration Criteria

Vibration dose values above which might result in various degrees of adverse
comment within residential buildings, m/s 1.75.

Place Low probability of 
adverse comment 

Adverse comment 
possible 

Adverse comment 
probable 

Residential buildings 16 hr day 0.2 to 0.4 0.4 to 0.8 0.8 to 1.6 

Residential building 8 hr night 0.1 to 0.2 0.2 to 0.4 0.4 to 0.8 

•Criteria are typically adopted from Table 2 of BS 6472-1:2008 Guide to 

evaluation of human exposure to vibration in buildings 

•The operation of the air handling units shall not result in vibration dose 

values which exceed those stated for a low probability of adverse impact.



During the DECC study, vibration was measured at each location on 

the ground and adjacent walls.   Vibration was found not to be a 

significant issue for ground based units.  The project recommended 

that anti-0vibration mounts be fitted to any building mounted units. 



Wall mounted unit with AV mounts



Ground mounted unit with AV mounts



Thank you for listening ☺

This paper & more research available at

https://www.rmp.biz/research/

Including DECC ASHP Research

https://www.rmp.biz/research/


Any Questions?
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