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ABSTRACT

Heat pumps are becoming increasingly popular due to
their efficiency, carbon neutrality and use of renewable en-
ergy resources. Air-to-water heat pumps are often chosen
because of their low cost and ease of installation. How-
ever, optimal placement to minimise acoustic emissions
is mandatory for a barrier-free deployment. At present,
the assessment of noise propagation for outdoor units suf-
fers from a lack of information on the frequency con-
tent, and particularly the directivity of the sound source.
During heat pump certification, standardised test proce-
dures using the sound intensity measurement technique
provide frequency-resolved partial sound power levels for
the five different surfaces surrounding the heat pump. This
gives the basic directivity information needed for opti-
mised placement recommendations. In the framework of
IEA HPT Annex 63, an anonymous database has been
designed that combines dimensions, operating conditions
and a generic description of each of the 5 sides (fan(s),
heat exchanger, blind sides) with their corresponding fre-
quency spectrums. Initially, about 30 heat pumps mea-
sured at CETIAT and AIT will be included in the database
and a first exploitation will be presented. The database
will be enriched by the authors during the year 2025 with
the possibility of contributions from other interested labo-
ratories during this period.

*Corresponding author: christoph.reichl@ait.ac.at.
Copyright: ©2025 Reichl Christoph et al. This is an open-
access article distributed under the terms of the Creative Com-
mons Attribution 3.0 Unported License, which permits unre-
stricted use, distribution, and reproduction in any medium, pro-
vided the original author and source are credited.

Keywords: air-to-water heat pumps, acoustics, directiv-
ity, database

1. INTRODUCTION

For many potential future users of heat pumps, noise re-
mains one of the main reasons for their reluctance to
switch to this method of energy production: noise to them-
selves, but more importantly, noise to their neighbours.
The most reliable acoustic data available to end users is
that obtained through certification. This is because the
values displayed are verified by independent third party
laboratories that follow a certification protocol based on
international measurement standards. The certified value
is the overall sound power level in dB(A), which is al-
ready very valuable information. However, the laborato-
ries all measure the sound power level spectrum in third
octaves, which is not publicly available. This is a gap
in the acoustic description of heat pumps, which may be
missed by acousticians who want to implement noise at-
tenuation measures, or optimise the placement of outdoor
units. Another missing piece of data is the directivity of
the units; this data can be very useful in a predictive cal-
culation of the positioning of the outdoor unit in a dense
urban environment. The noise requirements are such that
the intelligent use of radiation directivity can become a
parameter to be exploited. This data is not generally avail-
able, including from manufacturers, and is not directly
part of the certification process. The EN 12102-1 standard
authorises several acoustic measurement methods, the two
most commonly used being the reverberation chamber and
intensimetry. The latter, which measures the sound power
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level per surface, ultimately provides information on the
directivity of the unit. Admittedly, it is a bit crude, but it
is very interesting, because it gives the sound power level
per surface for each 1/3 octave frequency. It is this level of
directivity that is the constitutive idea of the database that
we propose in the framework of IEA HPT Annex 51 [1]
and IEA HPT Annex 63 [2] to build and make available to
stakeholders in the field.

2. DATABASE CONSTRUCTION

The database is provided as an Excel sheet starting with
anonymous results from two certification laboratories
on outdoor heat pump units (sometimes reversible), see
Fig. 1. It consists of a header part (lines 1-8 with the
header in line 6, the items in line 7 and their corresponding
units in line 8), and several blocks of data each consisting
of 6 consecutive lines (e.g. lines 9-14 for entry 1, named
A06, lines 15-20 for entry 2, named B01 in the example
given in Fig. 1).

Figure 1. Overview of header line and two entries in
the database

Most of the entries are free entries, only some of the
fields contain formulas and are calculated automatically.
Notes can (and should) be added to the fields to clarify
specialities. Some items in line 6 contain notes detail-
ing its usage. No field is mandatory but it is intended
to include as much information as possible allowing for
various ways of database exploitation, e.g. depending on
the laboratory in charge of the measurements not all fre-
quencies are reported, compressor frequencies have been
recorded or fan speeds might be available. During discus-
sions in the Task 2 meetings of IEA HPT Annex 63 several
additional fields have been added (e.g. Coefficient of Per-
formance, COP), which might be interesting for special
analysis routes.

From left to right, content per block is organized in
the following sections:

• leading part, col. A-G

• dimensioning, electrics & refrigerant, col. H-N

• boundary conditions & fan speeds, col. O-Y

• geometric description, col. Z-AD

• acoustic data description, col. AE-AZ

These blocks are described in detail in the following
subsections.

2.1 Leading part - general information

The leading part (see Fig. 2 first assigns an unique identi-
fier (col. A), which is constructed using a capital letter fol-
lowed by two numbers. The letter is used to differentiate
the contributing sources (e.g. laboratories) to the database.
A field for free comments is presented in col. B, links to
additional data should be given in col. C. All additional
data should be made available as zip- or 7z-archives with
their names beginning with the identifier given in col. A
followed by the dash symbol, e.g. A06-waves.zip. A de-
teailed description should be placed in a readme.txt-file
inside the corresponding archive. The leading part con-
cludes with the year of production (col. D) and the type
(col. E) of the unit as well as the point, which the unit was
operating in (col. F). This operating point of the unit in-
cludes the temperature conditions on the ambient air, for
example 7(6) ◦C , and on the water, for example 47-55 ◦C ,
summarized in the abbreviation A7W55.

Figure 2. Leading part of the database

Finally the leading part includes the measurement
method in col. G. It is highly recommended to use data ac-
quired utilizing either the ISO 9614-1:1993(en) Acoustics
— Determination of sound power levels of noise sources
using sound intensity — Part 1: Measurement at discrete
points or the ISO 9614-2:1996(en) Acoustics — Determi-
nation of sound power levels of noise sources using sound
intensity — Part 2: Measurement by scanning.

2.2 Dimensioning, electrics and refrigerant

First, in col. H-J the unit dimensions (see Fig. 3 in m are
provided (length, width, height). This is followed by the
necessary voltage supply to operate the unit (col. K) in V
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and the power supplied to the unit col. L in kW . The com-
pressor frequency in Hz is provided in col. M and the re-
frigerant entered in col. N using the ASHRAE 23-2022
standard [3], e.g. R290 for propane.

Figure 3. Dimensioning, electrics and refrigerant
section of the database

2.3 Boundary conditions & fan speeds

The atmospheric pressure during the measurements is
given in Pa in col. O, followed by the data characterising
the outdoor unit. This includes the dry (col. P) and wet
(col. Q) bulb temperatures in ◦C as well as the fan speeds
in turns/minute (rpm) for up to two fans in (col. R and col.
S), see Fig. 4. The boundary conditions for the indoor unit
are the inlet (col. T) and outlet (col. U) temperature of the
water given in ◦C , the water volume flow rate (col. V)
given in m3/h, the static pressure difference (col. W) in
kPa and the measured heating capacity (col. X) in kW .
Finally a field for the Coefficient of Performance (COP)
is included in col. Y.

Figure 4. Boundary conditions & fan speed section
of the database

2.4 Geometric description

From here on the single data line (see Fig. 5, line 9) ex-
pands to 6 lines (lines 9-14). The unit is expected to con-
sist of five faces (top, two long sides and two short sides).
Each of these five faces is then described with the follow-
ing options in col. Z (see Fig. 5, lines 10-14. For a bet-
ter post processing workflow (avoiding typing errors and
ambiguities), these options are made available via a drop-
down menu.

• presence of fan (1 or 2), e.g. Fan x1, Fan x2;

• presence of a heat exchanger;

• ... or none of these elements, then the surface is
described as ”blind”.

For the fan and heat exchanger elements, the propor-
tion of surface area occupied by these elements is briefly
described in col. AA, with four possible surface propor-
tions: 25, 50, 75, or 100 %.

Figure 5. Geometric description including the unit
and the distance of measurements

The grey cells in col. AB and col. AC should not be
altered. The unit surfaces in col. AC in m2 are extracted
using the data in col. H-col. J, the overall unit surface is
calculated and presented in the above the 5 unit surfaces
in m2. Finally, col. AD shows the distance between the
surfaces and the measurement probe in m.

2.5 Acoustic data description

Six spectrums are required, one for the sound power level
of the unit, as it is given as official result. The five other
are partial sound power levels for each side (long side,
short side, top side). Data are given in 1/3 octave bands, at
least between 100 Hz and 5000 Hz, but the bands 50-63-
80 Hz and 6300-8000-10000 Hz bands can be provided.

The acoustic data (see Fig. 6) consists of the (calcu-
lated) sound power level spectra of each face (col. AE), as
well as the spectrum of the entire unit (col. AF-col. AZ).
The sound power level corresponds to the fictitious sur-
face located a few dozen centimetres from the actual sur-
face of the machine which is given by the measurement
distance for each face (col. AD).
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The third octave band spectra data (blue values,
col. AF-col. AZ) are entered in dB into the database for
each of the five faces (e.g. into lines 10-14) allowing for
a full set of 21 times 5 equals 105 entries. Black fields
mark negative sound levels from intensity measurements
(sound oriented from outside to the unit rather from being
radiated from the unit to the outside and thus coming in to
the mesh).

For each frequency band (100 Hz up to 10000 Hz),
an overall sound level in dB is calculated automatically
and presented in the first line (e.g. line 9) of the entry
(above the data of the five sides). Out of these frequency
resolved data, an overall A-weighted sound power level
in dB(A) is calculated and given in col. AE. Note, that
the entry in the first line in col. AE (e.g. field AE9) will
typically be the one reported on a certification label.

Figure 6. Acoustic data description using frequency
resolved spectra

3. CONTRIBUTING TO THE DATABASE

Other parties than CETIAT and AIT, both inside and
outside of the IEA HPT Annex 63 consortium are invited
to contribute to the database. The template can be
downloaded from the IEA HPT Annex 63 website fol-
lowing https://heatpumpingtechnologies.
org/annex63/database. [4]. For further questions
related to the format and usage of the database template,
please contact christoph.reichl@ait.at (AIT)
or francois.bessac@cetiat.fr (CETIAT). It is
intended to initially expand the database till end of the
first quarter of 2026.

4. EXAMPLE EXPLOITATION

A first exploitative analysis is done on the 27 available
data sets (see Fig. 7). It focuses on the overall directivity
based on the max-min of data from each side. The max-
min 5 sides average corresponds to average of the max-
min for the 5 sides (4 lateral + top), whereas the max-
min horizontal average only includes the data for the 4
lateral sides, excluding the top. Then, max-min vertical

long side and max-min vertical short side considers lateral
sides and top side, either on the long side, or on the short
side, respectively.

For the sake of readability, calculation & results are
given based on the data transformed in octave bands, from
125 to 4000 Hz band. The overall directivity given by
max-min (dark blue bars) shows, that it falls between 5 to
almost 10 dB, the highest values being at higher frequen-
cies. This means, that compared to the overall spectrum, a
difference from ± 2.5 to almost ± 5 dB can be extracted,
depending on the location of the hearing point and on the
frequency. The consideration of max-min vertical direc-
tivity is smaller, especially for the short side (light blue
bar).

Figure 7. Max-Min directivity, averaged on the 27
data sets.

There are 16 results for lateral fan(s) units and 11 with
top fan(s) units in the data set (see Fig. 8). When analysing
the results considering the location of fan(s), the max-min
horizontal average on all sides shows a bigger influence
of the fan(s) located on the lateral side (orange bars). The
overall directivity is then higher, especially at low and
high frequencies, with a general envelope between 5.5 and
almost 9 dB.

This is also the case when considering the vertical
directivity (see Fig. 9), the top fan(s) configuration (dark
green bars) being then smaller than the lateral fan(s) (or-
ange bars) configuration.

5. CONCLUSION AND OUTLOOK

In the framework of IEA HPT Annex 63, a database con-
sisting of frequency resolved acoustic directivity data to
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Figure 8. Max-Min directivity, on 5 sides, all data,
and considering the location of fan(s).

Figure 9. Max-Min horizontal directivity, all data,
and considering the location of fan(s).

improve heat pump placement has been constructed. An
initial set of 27 datasets from the laboratories of CE-
TIAT, France and AIT, Austria consisting of a leading
part, comments, dimensions, boundary conditions, geo-
metric descriptions and acoustic data have been imple-
mented. Both, the initial database and the template for
contributing to the database are available for download on
the IEA HPT Annex 63 website [4].

Although priority is currently being given to the col-
lection of data measured according to the ISO 9614 pro-
tocol, additional content for measurements (e.g. more de-
tailed data on dome measurements, wave files with raw
acoustics, images) could be implemented, as well as (de-
pending on request), inclusion of sound pressure level

measurements is intended. These updated, will also be
accessible through the database website.

An initial exploitation of the data base is presented
based on max-min averages. The overall directivity falls
between 5 to almost 10 dB with higher values extracted at
elevated frequencies. These results, compared to the over-
all spectrum, to a difference from ± 2.5 to almost ± 5 dB.

It is intended to expand the database till the first quar-
ter of 2026 with both entries from CETIAT and AIT and
other parties. Further work with the data base will include
expanded analysis on the directivity as well as utilization
of the frequency content of the presented measurements.
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