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ABSTRACT

In most countries in Europe, regulatory noise limits apply for service equipment in housing. During
the last few decades, mechanical ventilation with heat recovery (MVHR) has become increasingly
prevalent in new and retrofitted housing in Europe. The MVHR systems supply fresh air to obtain
good indoor air quality, with minimal heat losses. However, the systems may operate continuously
24 hours/day and transmit noise into and between rooms by many possible paths. In practice, many
people get annoyed or disturbed by the noise, especially during nighttime or when having quiet ac-
tivities. Some countries have stricter service equipment noise limits for continuous sources, and
stricter limits also apply for upper quality classes in acoustic classification schemes. Thus, both de-
sign and measurements become challenging.

The aim of this paper is to investigate the noise limit values and descriptors applied to ventilation
systems in housing in selected countries in Europe and to compare and discuss the field test
procedures typically applied.

1. INTRODUCTION

Energy efficiency requirements in Europe have been the force of the widespread of mechanical ven-
tilation with heat recovery (MVHR) in new and retrofitted housing. For buildings with an airtight
building envelope, MVHR enables a good control of heat losses, while controlling air quality, and
that’s why such ventilation systems have become prevalent nowadays in many European countries.
MVHR reduces transmission of outdoor noise as well, because there are no direct external intake
vents. The systems are usually composed of an internal unit, which has two fans and a heat recovery
exchanger. Fresh air is preheated in the heat recovery exchanger, and it is supplied to bedrooms and
living rooms though ducts, while exhaust air is extracted from kitchens and bathrooms. Noise produced
by the internal unit can be transmitted though the ductwork and grilles to the habitable rooms and can
therefore be a cause of noise annoyance and dissatisfaction, especially in bedrooms at nighttime.
Figure 1 shows a common layout of a MVHR in a dwelling. The colours of the ductwork corre-
spond to the type of airflow circulating: Blue for air intake and supply air to rooms; orange for return
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and exhaust air. Arrows indicate the movement of air. The prevalent sound transmission path associ-
ated with MVHR is duct-borne noise through supply air ducts from the heat recovery unit and radiated
through the grilles in habitable rooms, including living rooms and bedrooms. A definition of habitable
rooms is found in [1], Clause 3.1.10.
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Figure 1 — Typical layout of a MVHR system in a dwelling

Provisions in each country establish minimum ventilation rates. MVHR systems will work continu-
ously 24 hours a day. Depending on the equipment, heat recovery units will adjust the airflow auto-
matically or manually. In general, airflow controls can be based on CO detectors, humidity detectors
or manual controls, which occupants can activate manually to set the airflow to different points to
meet the ventilation necessities of the dwelling. Several studies revealed, cf. e.g. [2], that many oc-
cupants will turn off the ventilation equipment or “hack” it, if they find the noise from the system
annoying, e.g. due to sleep disturbances or when they want silence due to quiet activities. In the end
this implies a deterioration of air quality and health as well — or damage of the system.

The purpose of this paper is to compile and compare the acoustic requirements for service equip-
ment noise, especially for ventilation systems, in several European countries, aiming at improving
national procedures and international standards. Various test methods, test procedures and test con-
ditions are applied in various countries, see the following sections.

2. SERVICE EQUIPMENT NOISE IN ACOUSTIC REGULATIONS AND GUIDELINES

In most countries in Europe, acoustic regulations now exist for housing and in several countries also
for other building categories like e.g. schools, kindergarten, hospitals and office buildings. In addi-
tion, and/or as an alternative, some countries also have guidelines or acoustic classification schemes.
Acoustic regulations and classification criteria are typically about: Airborne sound insulation between
rooms; Impact sound insulation between rooms; Facade sound insulation; Service equipment noise;
Reverberation time or sound absorption. — Building acoustic criteria are specified by a descriptor, a
limit value, reference to a standard and sometimes to specific conditions e.g. frequency range and/or
test conditions. In Europe, most countries refer to 1SO field measurement and rating standards, typi-
cally [3], [4] [5], [6], [7]. [8]. [9], [10] for the above-mentioned acoustic performance areas.

This paper deals with noise from ventilation systems, being a part of service equipment. Several
examples of service equipment are mentioned in e.g. [1], Clause 3.1.6. The current paper is related to



service equipment noise and more specifically to limits for ventilation noise. The ISO test methods
applied are typically 1SO 10052 [5] or ISO 16032 [6] — being a survey and a more detailed engineering
method, respectively — but some countries do not refer directly to any of these methods, some refer to
both as options, and some have national procedures. In many countries, it is required or indicated that
corrections are to be made for tones, impulses, low frequencies etc., but often clearly defined methods
are either not referred to or in separate documents.

The two test methods are similar with the same denotations for single-number quantities and three
measurements of sound level (one in a corner and two in the reverberant field), but 1ISO 10052 is a
survey method and thus simpler, and no background correction is applied (which is a main complaint
by many consultants doing such tests). Measurements can be normalized to reverberation time with
both standards, and ISO 3382-2 [7] is used in both cases, but ISO 10052 allows use of tabulated rever-
beration index data included in the standard.

3. CHOOSING COUNTRIES AND METHODOLOGY FOR THE COMPARATIVE STUDY

When choosing countries for the study, it was decided to get various geographical parts of Europe
presented, taking into account also the authors’ language skills. The countries selected are the same
as those chosen for a study on acoustic regulations for hospitals [11]. Only countries with published
regulations or guidelines are included, thus omitting drafts. In Table 1, the countries are listed in alpha-
betical order. For Italy, we have split up into public and private dwellings, since regulations became
different after the publication of the 2017 decree [17].

Table 1 — Acoustic regulations for HOUSING — Overview
countries selected for a comparative study in Europe.

Acoustic regulations for HOUSING - Overview countries selected for a comparative study in Europe — April 2022

Country | BR | ACS A(glsagsueaslity

Denmark | [12]| [22] | A, B, C,D,E, F[BR [1] refers to in ACS [22], Class C, as mandatory minimum performance.

Comments on acoustic classes and relation to building regulations

England [[113]]’ N/A N/A
France | [15][ N/A N/A

Itale/ [16], 23] IR For public dwellingst’, [17] refers to ACS, Class Il is the minimum mandatory performance.
(public) | [17] S ()[17] applies to dwellings owned by public authorities.

Italy 16 23 LTIV For private housing, limit values are found in [16]. The Acoustic Classification Scheme [23] is vol-
(private) [161] [23] P untary

Norway | [18]] [24] A,B,C,D [BR18]refer to ACS [24], Class C, as mandatory minimum performance.
Portugal | [19]| N/A N/A
Spain | [20]]| [25] | A, B,C,D,E, F|Classification according to [25] is voluntary. No reference in BR [20].to [25].
Turkey | [21]| [21] | A,B,C,D, E, F[BR[21] refer to ACS [21], Class C, as mandatory minimum performance.
BR = Building Regulations (regulatory requirements); ACS = Acoustic Classification Scheme; * Upper class first.
Note: Even in case of the same class denotation, descriptors and limit values vary between countries.

The methodology for collection of data for national acoustic regulations follows the principles outlined in [26]
and [27], i.e. the analysis is primarily based on direct access to the documents describing the requirements.
Such documents could be building regulations or publications referred to in the building regulations. In some
cases, typically for countries with “difficult” languages or unclear requirements, interpretation was discussed
with national experts. As indicated in [28], structures of legislation differ widely, including contents, size and
number of relevant documents. In some countries, the documents specifying the requirements or recommen-
dations are available at the web, but in other countries, they must be purchased from the standardization or-
ganizations. The work builds on experience and contacts from previous surveys. The major challenges were
finding the right documents and sections, and to make the technical interpretations.

From Table 1, it appears that three of the selected countries (DK, NO, TR) refer to Class C in the
national acoustic classification scheme as the acoustic regulations. This way makes it reasonably easy
to get an overview of the acoustic requirements for housing, since all limit values — including those
presented in Table 2 — are found in Class C in the classification documents [22], [24] and [21], re-
spectively. In general, regulations are mandatory and acoustic classification voluntary, unless referred
to in the regulations.



Examples of acoustic class limits A-F according to DS 490 [22] are indicated below for service equip-
ment noise in habitable rooms. Classes A-F are shown in descending order:

Class | A B C D E F

Laeg | <20dB <25dB <30dB <35dB <40dB  None

The Danish building regulations [12] refer to Class C in [22] for information about the mandatory
minimum performance. Classes D, E, F have lower performance than required for new-build, and classes
A-B higher performance than regulations, i.e. better comfort and protection against noise.

4. LIMIT VALUES FOR SERVICE EQUIPMENT NOISE

Limit values for service equipment noise are found in Table 2. References to measurement methods
are found in the building regulations or in the guidelines referred to in the regulations or in the national
guidelines.

The 1SO standards referred to for ventilation noise are typically 1ISO 10052 [5] or 1ISO 16032 [6]
or both, but in several countries additional methods apply for low-frequency noise and correction for
pure tones, impulses and intermittent noise. Some countries apply different limits and procedures for
continuous sources, e.g. ventilation systems, and other sources with changing noise emission during

the operating cycle.

Table 2 — Acoustic regulations for HOUSING — Service equipment
noise limits for dwellings (habitable rooms).

Acoustic regulations for HOUSING () - Service equipment noise — April 2022

Country| BR | Test method mzﬁ?(lzj;[gB] - |comments
D K ISO 10052 and Lies <30 _ If measured in a furnished room, +3 dB is added to the measured value.
enmark| [12] | DK guideline [29] Aeq = BR [12] refers to Class C in ACS [22] as the requirement for habitable rooms.
(3] National (Laeqr = 30) Not Levels for Iiying rooms and bedrooms, for ventilation systems.
England ' | procedure and (Laeq < 45) . |Levels for kitchens and bathrooms.
[14] Guideline [31] specified | =" e T ;
Limits are recommendations just for ventilation noise.
Lnar <35 Noise produced by individual heating or cooling systems.
Lnar <30 Noise produced by mechanical ventilation systems.
1S0 10052 and Loar <30 Not Noise produced by other equipment belonging to another dwelling. .
France | [15] FR guideline [32] Loar <30 specified Noise produced by collective building equipment, such as lifts, water pumps, bailers, etc.
Lnat = Lasmax,n7. standardized to the reference reverberation time (average of the
RT values for 500 Hz, 1000 Hz et 2000 Hz).
Note: Noise limits for living rooms and bedrooms. Limit for kitchens specified in [15].
Ital (16] ISO 10052 or L. <28 Equivalent SPL from service equipment with continuous operation.
(pubﬁ,c) [17]' ISO 16032 and na- |_'_°<' 33 + Maximum SPL from service equipment with discontinuous operation.
tional procedure [17] = Note: The descriptors are explained in [23].
Italy 1SO 10052 or Laeq <25 Not  [Equivalent SPL from service equipment with continuous operation.
(private) | [16] 1SO 16032 Lasmax < 35 | specified [Maximum SPL from service equipment with discontinuous operation.
Loar< 30 BR [18] refers to Class C in ACS [24]. 5 dB higher sound levels are ok in kitchens,
Norway | [18] 1SO 16032 L A";‘; "<32| *+ |WC, bathrooms, entrances efc.
pATmaX = In addition to the limits indicated, there are also LF-limits for octaves 31,5-125 Hz.
LarnT <27 For building services producing a continuous noise.
Portugal [19], National Larnr < 32 Not |For building services that works intermittently
ortuga (33 | Procedure [33] Larar< 40 [ specified [For an emergency power unit.
Larnt = Laeq + corrections for background noise, tonal noise..
Lkn<25 For bedrooms in dwellings. Limits for the night period, 23:00 — 7:00h. For the day and
evening periods, limits are: Lkg; Lke < 35
. [20], National Lkn <30 Not  [For living rooms in dwellings. Limits for the night period, 23:00 - 7:00h. For the day
Spain (34 | Procedure [34] specified |and evening periods, limits are: Lk g; Lke < 40
Limit value Lk = Laeq + corrections for background noise, tonal, impulsive and LF
noise
Laegnt <30 Limit for continuous noise in bedrooms during night-time, 23:00 - 07:00.
Turkey | [21] 'Slgc; ?ggg;f LasqnT < 35 +  |Limit for continuous noise in living areas, kitchen - during 24 hours.
LAF maxnT < 34 Limit for intermittent noise.

(1) Overview information only. Detailed criteria and conditions are found in references.
(2) Limits in (brackets) = Recommendation.




From Table 2, it is seen that different descriptors are applied, which make comparisons more com-
plicated. In general, all countries, except France, rely on a descriptor based on Laeq, A-weighted
equivalent sound pressure level for mechanical ventilation systems. In France, La smax applies to all
building services including ventilation noise. Italy and Turkey apply different descriptors depending
on, whether the noise is continuous, which is the case for ventilation noise, or intermittent, see Table 2.
Some details about each of the eight countries included in Table 2 are found below.

Denmark

In DK, the building code guideline [12] refers to ISO 10052 [5] for measurement of service equipment
noise, but for ventilation noise (noise source in the room, where the measurement is made) is pre-
scribed measurement in just one microphone position for each source, cf. [29]. The microphone is
placed as indicated in Figure 2, implying that that the noise level from the ventilation system is domi-
nant and less influenced by the higher levels in the middle of the room.

However, the Danish classification standard [22] for dwellings has six classes A-F with limits
starting with 20 dB (class A) and higher. Since many people are disturbed by ventilation noise during
sleep and quiet activities, even if the building code requirement 30 dB is fulfilled, it has been consi-
dered to make the ventilation noise limit 5 dB stricter to get quieter living rooms and bedrooms and
thus create a healthier indoor climate.

As a starting point, a voluntary sustainability class for ventilation noise in dwellings has been
introduced in [35] with a limit 25 dB, i.e. 5 dB stricter than regulations. The purpose is to test the
feasibility of implementing and measuring such 5 dB quieter ventilation systems and then later decide
to make the limit mandatory, if practice supports such step.

Since correction for background noise is not included in the ISO 10052 procedure, it is often dif-
ficult or impossible to measure low levels of ventilation noise, even if the microphone position is
quite close to the source and does not include higher noise levels more far away from the source. In
DK, it is considered either to switch to ISO 16032 [6] (allowing background noise correction) or
update the national guideline [29], so correction for background noise can be made. However, it
would be more optimal to revise the 1SO standards aiming at optimizing the procedure for ventilation
noise measurements, including also microphone positions for such tests.

Microphone position 1 m from
wall immediately next to the
source and 1.5 m above the floor.

source, 1.5 m above thexfloor,
however, min. 0.75 m from walls.

Figure 2 — Microphone positions for measurement of ventilation noise
according to the national guideline [29] in DK.

England

In England, there are not requirements for the sound pressure levels produced by service equipment
noise in Building Regulations [14]. They refer to guidance document BS 8233 [30], which specifies
internal ambient noise levels corresponding to the sum of all sound sources: external and internal and
is requested from local authorities in several parts across England.

In addition, Approved document F, Ventilation [14], of the Building regulations includes recom-
mendations for the sound pressure levels for ventilation noise included in Table 2, and specifies a
measurement time of 1 minute, if the source is steady. This document refers to BS 8233 [30], which
also refers to ANC guidelines [31]. For ventilation noise, NR criteria are also given in BS 8233 [30].



France

Requirements for building services vary depending on the type of equipment (individual heating,
ventilation, etc.). In the case of ventilation systems, Table 2 includes limit values for living rooms
and bedrooms. Limit values for kitchens are 5 dB higher.

The descriptor used is Lnat Which corresponds to Lasmax,nt Standardized to the reference reverbe-
ration time, which is the average of 500, 1000 and 2000Hz measured according to ISO 3382-2. Meas-
urement procedures in France are based on ISO 10052 [5], but France has published a guideline [32]
on acoustic measurements in buildings. In the case of ventilation systems, they specify the test con-
ditions for the equipment and the airflow rates.

Italy
In Italy, acoustic requirements apply to all buildings [16]. In addition, Decree [17] applies to public
buildings, including social housing, and requires a minimum class Il [23] for public housing, that is
the reason why there are two rows for table 2 for Italy.

In both regulations, the approach is to use a Lasmax for intermittent sounds, and Laeq for continuous
sounds, such as ventilation systems. ISO 10052 [5] and ISO 16032 [6] are referred to for measurements.

Norway
In Norway, the building code [18] refers to NS 8175 [24], Class C. The measurement method is
ISO 16032 [6].

Portugal

In Portugal, limits for sound pressure levels produced by building services only apply to collective
equipment, such as lifts, centralized ventilation systems, collective boilers, etc. So individual venti-
lation systems like MVHR, where each home has its own unit supplying fresh air to the dwelling,
have to meet [33], which applies to noise emitted from neighbouring activities, and does not apply to
the indoor sound pressure levels produced by own equipment.

The descriptor for service equipment noise used in regulations is Lar,nt, Which is Laeq Standardized
to reverberation time and corrected by reverberation time and tonal noise following the procedure
of [33].

Portuguese regulations do not specify any 1SO or CEN standard. They literally say that measure-
ments must be made according to Portuguese standards, and if not, to any European or international
standard, which would typically be ISO 10052 [5] or ISO 16032 [6]. The assessment must be made
according to Reglamento General do Ruido [33].

Spain
The Spanish Building Code [20] refers to Spanish Decree RD 1367/2007 [34] being an environmental
law transposed from [36], which applies to all environmental noise sources and contains the require-
ments for sound pressure levels in dwellings due to building service equipment, including ventilation
systems. Requirements vary depending on the period: day, evening and night. The descriptor, Lkeq,T,
IS Laeg,1, measured from 20 to 20,000 Hz and corrected for background noise, emerging tones, low-
frequency noise and impulsive components. This decree also specifies the measurement and assess-
ment procedures which are different from ISO 16032 [6] and 1SO 10052 [5]. Measurements are not
standardized to reverberation time, and no indication is given, if rooms are empty or furnished.

In September 2021, an acoustic classification system was published in Spain [25]. Requirements
for service equipment noise are similar to those of ISO/TS 19488 [1].

Turkey
Both standards 1ISO 10052 [5] and 1SO 16032 [6] are applicable according to regulations [21].



5. SUMMARY, DISCUSSION & CONCLUSIONS

The need for energy efficient housing has led to the use of MVHR systems in dwellings across
Europe. Adequate airflows are supplied through ductwork to rooms and extract from toilet rooms and
kitchens by means of a heat recovery unit which works continuously, 24 hours a day at different
speeds providing the right airflow. Thus, noise produced by the internal unit can be transmitted
through ductwork to noise sensitive rooms such as living rooms and bedrooms.

Before the spread of MVHR systems, fresh air was supplied to dwellings by vents and opening
windows, so ventilation noise was part of outdoor noise. Extract fans were usually located in kitchens
and bathrooms, which are less noise sensitive rooms. But in MVHR, grilles are placed in living rooms
and bedrooms, and may be a source of noise annoyance, if attention has not been paid in the planning,
design and construction of MVVHR. This is a key issue, as studies have shown that whenever ventila-
tion systems are perceived as noisy, occupants may try turning them off, resulting in an inadequate
air flow rate and a health risk [2] and maybe even damage of the ventilation systems. Another weak-
ness of many MVHR systems is the poor sound insulation between rooms internally in dwellings, if
damping of the ducts is missing — leading to lack of privacy, annoyance and complaints.

This paper includes a comparison of the requirements in eight selected European countries for
indoor service equipment noise levels, focusing on ventilation noise. In most countries, requirements
apply to building service equipment in general. Only England and France have requirements specifi-
cally for ventilation systems, but most countries make a difference between continuous sound sources
(like e.g. ventilation systems) and intermittent sources like lifts, plumbing, etc.

The limits in Table 2 in this paper show that most countries have different descriptors (metrics).
Although there are two ISO standards for service equipment noise measurements, 1ISO 10052 [5] and
ISO 16032 [6], some countries have their own measurement procedures like Spain and England.
France has a very comprehensive guideline [32] concerning measurement procedures, including
ISO 10052. In addition, several countries apply corrections for tonal noise, impulsive noise and low
frequency noise, cf. the national guidelines referred to in Table 2. These guidelines could also define
other conditions for the measurement, for example if limit applies to furnished or unfurnished rooms.
The Danish test procedure [29] define microphone positions different from those in the 1ISO standards.

Letting aside differences in descriptors and measurement procedures, the descriptors are based on
Laeq, and the requirements are typically around 30 dB in living rooms and bedrooms.

In some countries, the limit value for ventilation noise seems to be too weak and should be made
stricter, thus ensuring better protection from ventilation noise disturbances. In [2], it is recommended
to carry out laboratory studies with subjective testing and optimization of mechanical ventilation
noise characteristics for sleep, and for relaxation, using measured source data. Such research could
help determine the annoyance caused by MVHR systems and to optimize limits.

The comparison between countries indicates that it would be useful to collect experiences with
national test procedures, not least for measurements of low noise levels. Many ventilation systems
operate automatically, and to get reliable and reproducible test results, it is of crucial since that the
adjustment of the system is carried out before the test and described in the test report and that the
operating conditions for the test are well-defined and described as well. Thus, both 1SO 10052 [5]
and 1SO 16032 [6] should be revised. Actually, a revision of ISO 16032 has just started (early 2022),
and it seems obvious to make sure that the procedure for ventilation noise is evaluated carefully,
including consideration of microphone positions and contents of test report, which should provide
more information about the test, e.g. temperature, humidity, date and results of the system adjustment
and preferably airflow rate. It would be useful to have a form for expression of ventilation noise
results included in the revised ISO 16032 — similar principle as for airborne and impact sound insu-
lation test results in informative Annexes in 1ISO 10052 and 1SO 16283.

Finally, it would be useful with increased enforcement of regulations, including check of field test
reports, since enforcement in the past used to improve compliance with regulations and to create more
awareness about the performance. A natural part of increased check of system performance would be
a sort of certification of those performing the field tests of noise from ventilation systems.
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