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The System 

This housing development consists of 21 flats and 21 terraced houses. There is a large, three-storey 
block of 11 flats, and three terraces, arranged around a traffic-free street. The block of flats and the 
terraces have two different heating systems. The large block is heated by a bank of four communal 
heat pumps currently located on the roof, each with two fans. These are connected to four large 
compressors in the plant room, on the ground floor. The compressors generate hot water at 65°C for 
a 1500l buffer tank in the plant room.  
 
Figure 1: Four communal heat pumps take energy from the air and warm refrigerate to provide 
heating for the block of flats 
 

 
 
Figure 2: Insulated pipework takes refrigerant from the external units to the plant room on the 
ground floor 
 

 
 
Figure 3: Four internal units in the plant room use compressors to generate water at 65°C 
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Figure 4: A 1500l buffer vessel in the plant room, close to the internal units, stores hot water to 
prevent the heat pumps cycling in mild weather 
 

 
 
 
The houses and flats in the terraces are not linked to the communal system heating serving the block 
of flats, but instead each house or flat has its own heat pump, at the front of the building facing the 
street, on the ground floor. The terrace-flats (divided so that one flat is on the ground floor and 
another above, at first floor) have heat pumps for both flats located at the front of the ground-floor 
flat. All of the independent heat pumps are screened from the front with 1.1m-high brick walls, 
topped with concrete slabs. These are open at both sides, apart from grilles, to allow air to pass freely 
through and around the heat pumps. They have space around the fans for servicing the heat pumps, 
and are more discreet than un-screened heat pumps (although also bulkier). 
 
All of the heat pumps are packaged heat pumps, with internal heat-interface units internally and the 
external heat pumps. The heat pumps provide domestic hot water as well as space heating, and for 
this reason (unusually) they generate water at 65°C in order to kill Legionella bacteria – this comes at 
the cost of reducing the coefficient of performance – a lower flow temperature would mean the heat 
pumps run more efficiently. All flats and houses have underfloor heating on the ground floor (with 
mixing to reduce the supply temperatures), and radiators upstairs. Controls are reported to be rather 
complicated. Residents are advised to keep thermostatic radiator valves fully open to avoid noise and 
optimise efficiency.  
 
All homes have mechanical ventilation with heat-recovery. All of them are built to very high energy 
efficiency standards, using a Swedish offsite-manufacture system called Trivselhus, which includes 
factory-installed triple-glazed, argon-filled windows. The homes are built with timber frame and 
timber wall panels, clad externally with brick. 
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Figure 5: Heat pumps for the terraces are located in front of each house or pair of flats 
 

 
 
Figure 6: Heat pumps for the terraces are mounted on rubber Flexi Foot fixings, and hot water enters 
and leaves the homes below ground level. 
 

  
 
 

Noise measurements 

Chris lives in a two-storey house, in one of the terraces facing onto the enclosed street. His house is 
heated by an 8kW heat pump located outside the kitchen window. It is a packaged heat pump, with a 
heat interface unit (HIU) inside. The HIU makes some noise, and vibrates, causing vibrations in Chris’s 
bedroom wall. These vibrations are reported to affect Chris’s partner’s sleep. 
 
We took a series of measurements in different locations around the heat pump serving Chris’s house: 
 

• 1 metre away, perpendicular in front of the heat-pump grille 

• 1 metre away, at 45 degrees from the centre of the heat-pump grille, and 

• 10 cm away from the panel to the right of the fans, which vibrated when the fans were 
running (see Figure 3 below) 

 
We used an Audiomatica CLIO 01 microphone (13.0 mV/Pa, 8.2V, 5.6Kohms) connected via an 
Audiomatica CLIO 11 audio board to a Macbook pro laptop, running the software package CLIO 11 
QC. We visited on 30th November 2021, when the external temperature was roughly 8°C. 
 
Figure 7: We mounted a microphone on a tripod to take measurements in different locations around 
the heat pump serving an individual house. 
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Figure 8: Noise measurements around the heat pump serving one house 
 

 
Key: Green line shows the microphone 1m from the fan, in front of the fan, with the fan running at 
high speed. Red line shows the microphone 1m from the fan, in front of the fan, with the fan running 
at normal speed. Blue line shows microphone 1m behind the fan, again with the fan running at normal 
speed. X-axis shows frequencies in Hertz, Y-axis shows dBV. 
 
Note that it is not possible to convert dBV shown in the figures to dB(A) which is used in legislation for 
noise generated outside. A different type of microphone is needed for this, and filtering to represents 
how the ear senses noise at different frequencies. However, the summary dB(A) figure – combining 
sound pressure across audible frequencies – is less important than a breakdown of the sound 
pressure at particular frequencies. The peak sound pressures are most intrusive, and most important 
in causing resonant vibrations. 
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Figure 9: Comparing an individual heat pump serving a terrace house against background external 
noise 
 

 
 
Key: Yellow line shows the microphone 1m from the fan, in front of the fan. Blue line shows 
background noise. X-axis shows frequencies in Hertz, Y-axis shows dBV. 
 
The context for noise is very important. This site is only 100m from a major A road, so there is 
considerable background noise from traffic. Figure 9 above shows how the noise of the heat pump 
(yellow line) overlays onto the background noise (blue line). Note, however, that when windows are 
closed, most of the noise from the road does not enter the property. Conversely, vibrations from the 
heat pumps are carried through pipework into the dwelling. 
 
There is considerable noise and vibration caused by the heat pump. When the heat pump runs at full 
power the noise increases by 6dB. There are two possible solutions to reducing noise and vibrations 
from the heat pumps serving the terraces. First, the case of the heat pump could be engineered to 
reduce vibrations. Second, the pipework connecting the heat pump outside could be designed to 
damp vibrations more effectively, and reduce resonance inside the houses and flats. 

Roof-mounted heat pump serving flats 
 
The heat pumps on the roof, providing heating to the block of flats, are mounted on rubber Flexi Foot 
fixings, sitting on concrete slabs which themselves sit on the felt roof. The rubber fixings and concrete 
slabs were clearly intended to absorb noise and vibrations generated by the heat pump, but they do 
not sufficiently damp the noise. 
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Figure 10: There are low-frequency vibrations1 from the large roof-mounted heat pumps serving the 
block of flats, and harmonics at 500Hz 
 

 
 
Key: Black line shows the microphone at 100mm from the roof. Green line shows microphone 1m from 
the fan, in front of the fan. Violet line shows microphone 1m behind the fan.  
 
Measurements revealed low-frequency mechanical vibrations in the roof at 20Hz (black line in Figure 
10 above). 
 
There was relatively low noise output from the front or back of the heat pump fans, but both showed 
evidence of harmonics at 500Hz (green and violet lines in Figure 10), well within the audible range. 
 
The noise from the heat pumps on the roof of the block of flats (providing hot water as well as space 
heating) is so bad that residents in the flat beneath the heat pump had to move out. The roof-
mounted heat pumps are now being moved to an extended cycle store. 
 
Rather than the noise itself that is creating the problem, it is the combined impact of vibrations from 
the heat pumps that are creating resonance of the roof. These are then causing intolerable noise 
inside the apartment beneath. 
 

Internal Noise Measurements 
 
The internal compressors in the ground-floor plant room of the apartment block were also reported 
to be noisy. We took measurements here too, at 1m from the compressors, in front of them and 
behind them. 
 
  

 
1 Our hearing detects frequencies from 20Hz and 20,000Hz. People do not perceive low- and high-
frequency sounds as well as they perceive sounds between 3,000 and 4,000 Hz. Older people also lose 
hearing at higher frequencies. Because the frequency response of human hearing changes with 
amplitude, three weightings are used to measure sound pressure: A, B and C. A-weighting applies to 
sound pressures levels up to 55 dB, B-weighting applies to sound pressures levels between 55 dB and 
85 dB, and C-weighting is for measuring sound pressure levels above 85 dB. 
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Figure 11: The four internal units in the plant room of the apartment block were reported to be noisy  
 

 
 
Figure 12: Measurements revealed similar noise profiles in front of and behind one of the 
compressors, with a peak at 500 Hz  
 

 
Key: Red line microphone 1m in front of the compressor. Black line microphone 1m behind the 
compressor. FFT (Fast Fourier Transform, which applies mathematics to break a signal into constituent 
frequencies). X-axis shows frequencies in Hertz, Y-axis shows dBV. 
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Figure 13: Further measurements showed there were resonant frequencies at 500 Hz and 1000 Hz 
 

 
 
The conclusion from these measurements was that the total noise is less important than resonance: 
the real problem is the resonant frequency inside the plant room. There is a resonance at 500 Hz and 
a second resonance at 1 kHz. This resonance passes through the pipework and risks creasing noise 
inside the apartments. 
 
The resonance comes from: 
 

• Junctions between pipework and the compressors 

• The metal box encasing the compressors 

• The metal frame supporting the compressors. 
 
Improved design and engineering of these sources of resonance could potentially reduce 90% of the 
resonance, which would make the compressors far less intrusive for residents. 
 

Figure 14: The cycle store on the ground floor, in front of the block of flats, has been 
extended to accommodate the heat pumps moved from the roof 
 

 


