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Abstract

This project evaluates whether current Danish noise regulations adequately account for
low-frequency noise (LFN) produced by cooling and ventilation systems in Copenhagen. LFN
exposure poses adverse health risks, including sleep disturbance, stress, depression, anxiety, and
reduced well-being. Through surveys, interviews, and field measurements, discrepancies between
measured noise and perceived annoyance were identified, revealing that current practices do not
fully account for LFN. The results highlight the need for improved regulations to better address
LFN to enhance the quality of life in the community.




Executive Summary

Noise is an unavoidable consequence of urbanization, arising from sources such as tra [c,1
construction, industrial, recreational, and neighborhood sounds. As cities grow and technology
progresses, noise levels have been increasing, resulting in many unwelcome outcomes. While
definitions vary, noise pollution is typically considered an unwanted human-produced sound
that negatively a [edts human or animal well-being. Noise pollution has many unforeseen health
impacts, such as increased cortisol, depression, anxiety, cardiovascular stress, heart problems,
and decreased quality of sleep. Therefore, addressing noise pollution is crucial for the betterment
of any community.

Current Danish noise standards primarily focus on quantifying sound levels using A-weighted
decibel measurements, which fail to adequately capture low-frequency noise (LFN) that is com-
monly generated by cooling and ventilation systems. This results in many LFN sources con-
tinuing to operate at levels people find uncomfortable, despite meeting current regulations.
Therefore, the goal of this project was to support Miljgpunkt Indre By Christianshavn, a non-
profit that focuses on environmental work in the Inner City and Christianshavn, in evaluating
whether current Danish noise measurement standards adequately account for low-frequency
environmental noise in Copenhagen’s Inner City district. Specifically, this project focused on
low-frequency noise (LFN) generated by cooling and ventilation systems and its health e [edts
and annoyance to residents. To achieve this goal, the project followed three primary objectives:

1. Assess local Copenhagen residents’, municipality and committee members’, and noise
experts’ opinions on current levels of noise from cooling and ventilation systems, especially
in residential and commercial areas.

2. Measure and analyze cooling and ventilation systems to evaluate di [erences between mea-
sured levels and perceived public annoyance identified in Objective 1.

3. Present findings to workgroups and the Inner City committee on discrepancies between
measured noise pollution and perceived annoyance by Inner City residents, along with
developing a webpage with our findings on the sponsor’s website.

Objective 1 involved surveying Inner City residents and interviewing residents, technical
noise experts, and a member of the municipality in the Sound and Outserving department. The
survey revealed that residents favor stricter noise regulations and identified music, restaurants,
tra Cc,_hnd construction as the primary noise sources, while cooling and ventilation noise was
mentioned only once. Additionally, three technical professionals with di Lerknt areas of expertise
in noise were interviewed for their perspectives. This included an employee of Force Technology’s
noise, acoustics, and vibrations department, a member of the Municipality of Copenhagen
in the Sound and Outserving department, and a lead audio engineer who works in research
and design at Jabra. These interviews suggested a disconnect between public knowledge and
existing legislation. Especially, how the public’s limited knowledge in identifying and reporting
low-frequency noise, the technical challenges of measuring LFN, and inadequate legislation
contribute to continued community dissatisfaction.



Objective 2 entailed gathering A- and C-weighting measurements of cooling and ventilation
systems and comparing them to perceived annoyance and regulatory standards. C-weighting
better captures LFN, while A-weighting reflects what humans can hear. Data was collected
using the sponsor-provided Hand-Held Analyzer Type 2250 from Brilel & Kjer to measure noise
levels of indoor spaces adjacent to two cooling and ventilation systems in the Inner City. To
select measurement points, proper Danish measurement procedures were identified during the
technical interviews in Objective 1, specifically, the Danish Environmental Protection Agency
Guidance No. 9/1997. As current standards are focused on A-weighted levels, which fail
to account for LFN, o [cial measurements of cooling and ventilation noise often fall below
the regulated limits resulting in no further action from either the municipality or the party
responsible for the noise to reduce it. This is exemplified by the measurements for the second
objective, as the A-weighted levels usually meet regulations, and therefore, nothing legally
needs to be changed. Additionally, the A-weighted levels experience less dilLerknce in recorded
decibels while the cooling and ventilation system is on or o CL_However, the C-weighted noise
measurements show a notable dilerence when the system is on or o[[_hs C-weighting best
captures LFN. Therefore, these measurements, albeit anecdotal, support the need for more
comprehensive legislation surrounding low-frequency noise.

Objective 3 combined the findings from Objectives 1 and 2 to compile a presentation for the
Inner City Local Committee and workgroups. The presentation was created by using aggregated
survey results, interview notes, sample noise measurements, and background research, and was
presented on April 15th, 2026. The content was well received, and the committee members were
very interested in the issue and project results. In particular, they asked multiple questions
about next steps, as well as recommendations for future projects and goals to reduce low-
frequency noise. They were also very interested in identifying action items the public and
municipality can take to limit LFN. Several members attended the final Interactive Qualifying
Projects presentation on April 30th, 2026.

Based on these findings, it was recommended that the Municipality of Copenhagen consider
collecting C-weighted measurements while addressing noise complaints to accumulate data to
support possible legislative changes to noise regulations. Regulations on LFN and the inclusion
of C-weighted measurements for these scenarios should be backed by the public, unions, work-
groups, and the municipality to advocate for parliamentary changes. Additionally, mitigation
strategies, such as reducing power to noise sources, adding dampeners, or using noise barriers,
should be applied to cooling and ventilation systems whenever possible, especially larger sys-
tems or those closer to residential areas. It is also recommended that Miljgpunkt Indre By &
Christianshavn use their platform and connections within the Inner City to inform the public
about the health issues that stem from noise pollution, the gaps in regulations for measuring
LFN, and how best to identify and report LFN complaints. This can be accomplished through
public events, Miljgpunkt’s newsletter and website, and general emails to union leaders.

It is relevant to address the problem of noise pollution in all of its facets, but particularly
low-frequency noise from cooling and ventilation systems. It is important to start with public
awareness of the health impacts of LFN and how to best identify and describe LFN. Then, al-



tering the municipality’s measuring methods to gather C-weighted measurements could support
regulatory changes with citizen support.




Acknowledgements

First and foremost, we would like to express our sincere gratitude to Marianne Spang Bech
for providing resources and information. Without her valuable knowledge and connections, this
project would not be possible. We gratefully acknowledge the support of Miljgpunkt Indre By
& Christianshavn for providing the resources and comforting work environment necessary for
this research. We would like to acknowledge the interviewees for their willingness to share their
perspectives and knowledge, which provided invaluable depth to this project. Special thanks to
all the residents who took the time to complete our survey and share their valuable input on
the unique noise-related experiences they face. Additionally, we extend our appreciation to our
advisors, Professor Francesca Bernardi and Je [rely Solomon, for their invaluable guidance and
support throughout the project. We are also thankful to Professor Seth Tuler for his insightful
feedback and understanding in establishing the foundation for our work. Finally, we would like
to thank our fellow student, Jonah Muccigrosso, whose initial research into the health e [edts
of noise proved vital to the project. Without the shared contributions of these individuals, this
project would not have been possible, and we extend our profound gratitude for their support.




Contents

Abstract i

Executive Summary ii

Acknowledgements \

List of Figures viii

List of Tables X

Authorship Xi

1 Introduction 1

2 Background 2

2.1 Urban Noise SOUrces . . . . . . . . . e e 2

2.1.1 Transportation Noise . . . . . . . . . . . ... 2

2.1.2 Neighborhood Noise . . . .. . . . . .. . .. .. ... ... 3

2.1.3 Other Noise Sources . . . . . . . . . . i i i 3

2.2 Measuring Noise Pollution . . . . . . . ... ... ... 3

2.2.1 High & Low Frequency . . . . . .. . . . . . .. 3

2.2.2 Decibels (dB) . . . . . . . . e 4

2.3 Health & Wealth Impacts of Noise Pollution . . . . . ... ... .......... 5

2.3.1 Health Problems Derived from Noise Pollution . . . ... ......... 6

2.3.2 Health, Wealth, and Noise Pollution . . . ... ... ... ... ...... 6

2.3.3 Noise Impact on Economics . . . . . . ... ... . ... ... . 0. 7

2.3.4 Denmark’s Upcoming National Health Law . . . .. .. ... ... .... 8

2.4 The Unique Issue of Noise Pollution from Cooling and Ventilation Systems . .. 8

2.4.1 Sources & Characteristics of Cooling and Ventilation Noise . . .. .. .. 8

2.4.2 Sound Transmission & Urban Exposure . . .. .. .. ... ........ 9

2.5 Mitigation & Control Strategies . . . . . . . . . . . . ... . 10

2.6 Current Regulations & Policies . . . . . .. .. .. .. ... ... ... .. ..., 11

2.6.1 Layers of Noise Governance . . . . . . . . . . . . ... 11

2.6.2 Cooling and Ventilation Noise Regulations in Copenhagen . . . . . . . .. 13

2.7 Significance of Noise Pollution for Inner City Residents . . . . . . ... ... ... 14

3 Methodology 16

3.1 Assess Residents’, Local O Lcials’, and Experts’ Opinions . . . . . ... ... .. 16

3.2 Measuring Noise and Comparing to Residents’ Opinions . . . . . ... ... ... 17
3.3 Presentation for the Inner City Local Committee and Workgroups and Adding

to the Sponsor’'s Website . . . . . . . . . . . ... 19



4 Results 21
4.1 Results for Objective 1 Assess Local Copenhagen Residents', Municipality &

Local Committee Members, and Noise Experts’' Opinions . . . .. .. ... ... 21
411 Survey Results . . . . .. .. ... e 21
4.1.2 INterviews . . . . . . . e 23
4.2 Results for Objective 2 Measuring Noise and Comparing to Residents' Opinions 31
4.2.1 Control Measurement of the Cooling and Ventilation System . . . . . .. 32
4.2.2 Running Measurement of the Cooling and Ventilation System . . . . . .. 35
4.2.3 Survey Respondent Cooling and Ventilation System . . . . ... ... .. 36
4.3 Results for Objective 3 Presentation for the Inner City Local Committee and
Workgroups and Adding to the Sponsor's Website . . . . .. ... ... ..... 38
5 Recommendations 41
5.1 Recommendations for Future Interactive Qualifying Project (IQP) and Miljgpunkt
Indre By & Christianshavn . . . . . . . .. ... ... ... . ... ... 41
5.2 Recommendations for the Municipality of Copenhagen . . . . . . ... ... ... 42
5.3 Recommendations for Citizens . . . . .. . . . . . ... ... .. 43
6 Conclusion 44
7 Bibliography 46
8 Appendices 49
A Surveys for Inner City Residents in English and Danish . . .. ... ....... 49
A.1  Survey for Inner City Residents in English . . . . .. ... ... ...... 49
A.2  Survey for Inner City Residents inDanish . . . . ... ... ........ 52
B  Force Technology Interview Guide . . . ... ... ... ... . .. ........ 54
C  Municipality Interview Guide . . . . . . . . . . . ... 56
D John Daniel Interview Guide . . . . . . . . . . .. . ... 58
E Inner City Resident Interview Guide . . . . .. .. .. .. ... ... ....... 60
F  Noise Measurement Process . . . . . . . . . . . . i i 62
G Committee Presentation . . . . . . . . . . . ... ... 65
H Final Project Presentation . . . . . . . . . .. ... ... . .. . .. ... ..... 87




List of Figures

1  Visual representation of low- and high-frequency waves (How Acoustic Foam

E ects Sound Waves: Holland | SoundFix, nd.). .. . ... ... ... ...... 4
2 Noise level decibel chart (Data Smart, n.d.). . . . . .. ... ... .. ....... 5
3 European Environmental Agency Report on noise in Europe (European Environ-

ment Agency, 2025b). . . . ... L 7
4  The acoustic layout of a cooling and ventilation system (Geonoise Instruments).. 9
5 Framework for eliminating noise pollution (Rosing et al., 2025). . . . ... .. .. 10
6 Example of a noise map provided by Denmark's EPA (Lene Nghr Michelsen og

Jakob Fryd and Road Directorate Allan Jensen and A/S, R. D., 2010).. . . . .. 13
7 Map of the Inner City district in Copenhagen, Denmark. . . . . ... .. ... .. 15

8 Flyers designed to promote the survey for Inner City residents in English [LEFT]

and Danish [RIGHT]. . . . . . . . . . 17
9 Hand-Held Analyzer Type 2250 Light [LEFT] and Type 2250 [RIGHT] from
Briel & Kjeer. . . . . . . . 18

10 Example of measurement point set up following Danish EPA Guidance no. 9/1997. 19

11 Histogram of survey responses (n = 18) for the question How much does the

noise in your living area/workplace bother you or interrupt daily life? . . . . . . 22
12 Histogram of survey responses (n = 18) for the question How familiar are you

with the current noise regulations and standards? . . . ... ... ........ 22
13 Histogram of survey responses (n = 18) showing participant agreement with the

statement that current noise regulations should be stricter. . . . . ... ... .. 23

14  Noise meter charts for sound pressure level in dB(A) [LEFT] and for low-frequency
noise in dB(A) [RIGHT], provided by Force Technology and translated from Dan-

ishto English. . . . . . . . . 24
15 Diagram of the issues surrounding low-frequency noise. . . . . . . .. . ... ... 25
16 Equal-loudness curves (Nave, n.d.). . . . . . . . . . . ... .. .. .. ... 27
17 The cooling and ventilation system whose noise was measured at the Miljgpunkt

Indre By & Christianshavn'soce . . ... ... ... ... ... ......... 32

18 Three measurement points in the Miljgpunkt Indre By & Christianshavn's kitchen. 33
19 Measurements taken at three locations in the Miljgpunkt Indre By & Christian-

shavn's o ce kitchen while the cooling and ventilation systemwaso. . ... .. 33
20 Measurements taken at three locations in the Miljgpunkt Indre By & Christian-
shavn's o ce kitchen while the cooling and ventilation system wason. . . . . .. 35

21 Restaurant refrigeration system behind window on basement level [LEFT] and
building diagram [RIGHT]. Measurements were taken on the 1st oor at the

apartment level. . . . . . . . . 37
22 Measurements data from two rooms, one directly above the ventilation/refrigeration
system [LEFT], and the other further away from the source [RIGHT]. . ... .. 37

viii



23
24

25

26

Pictures of the presentation given to the Inner City Local Committee. . . . . . . 39
Project material on the sponsor's website. . . . . . ... ... ... ........ 40

Briel & Kjeer Hand-Held Analyzer Type 2250 Light [LEFT] and Type 2250

[RIGHT]. . . . . e e e e e 62
Graph display button located in the top right of the BZ-5503 Measurement Part-

NEI SUItE. . . . . o o o o e e e e e e e 64




List of Tables

1 Table reporting the averaged data from the graph in Figure 17. . . . . .. .. .. 34
2 Limit values for building-transmitted noise measured indoors in living spaces/o ce
spaces, from Cooling and ventilation regulations in Copenhagen, Appendix 2. . 34
3 Limit values for noise exposure measured outdoors at residences/o ce premises,
from Cooling and ventilation regulations in Copenhagen, Appendix 1. . . . . . 34
4  Chart displaying the di erences between A- and C-weighted values for various
sound sources (Ray, 2026). . . . . . . ... 35
5  Table reporting the averaged data from the graph in Figure 20. . . . . .. .. .. 36

6  Average noise levels corresponding to data from Figure 22. . . . . . .. ... ... 38




Authorship

Section Author(s) Editor(s)
Abstract All All
J. Gilbert C. Piper
Executive Summary ] P )
A. Wiesendanger N. DeBrito
Acknowledgements A. Wiesendanger C. Piper
1 Introduction All All
N. DeBrito
2 Background _ C. Piper
A. Wiesendanger
J. Gilbert
2.1 Urban Noise Sources A. Wiesendanger )
C. Piper
J. Gilbert
2.1.1 Transportation Noise A. Wiesendanger )
C. Piper
J. Gilbert
2.1.2 Neighborhood Noise A. Wiesendanger )
C. Piper
J. Gilbert
2.1.3 Other Noise Sources A. Wiesendanger _
C. Piper
. . . N. DeBrito .
2.2 Measuring Noise Pollution _ J. Gilbert
A. Wiesendanger
A. Wiesendanger
2.2.1 High & Low Frequency N. DeBrito _ g
J. Gilbert
A. Wiesendanger
2.2.2 Decibels (dB) N. DeBrito _ g
J. Gilbert
J. Gilbert
2.3 Health & Wealth Impacts of Noise | J. Muccigrosso i
A. Wiesendanger

Pollution

2.3.1 Health Problems Derived from
Noise Pollution

J. Muccigrosso

A. Wiesendanger

2.3.2 Health, Wealth, and Noise Pollu-
tion

J. Muccigrosso

(&

. Gilbert
A. Wiesendanger

2.3.3 Noise Impacts on Economics

J. Muccigrosso

(&

. Gilbert
A. Wiesendanger

2.3.4 Denmark's Upcoming National
Health Law

A. Wiesendanger

C. Piper

2.4 The Unique Issue of Noise Pollution
from Cooling and Ventilation Systems

J. Gilbert

J. Muccigrosso

2.4.1 Sources & Characteristics of Cool;

ing and Ventilation Noise

J. Gilbert

J. Muccigrosso




Section Author(s) Editor(s)
J. Gilbert
2.4.2 Sound Transmission & Urban Ex- ] J. Muccigrosso
N. DeBrito
posure
A. Wiesendanger 3. Mucciarosso
e . . Mucci
2.5 Mitigation & Control Strategies J. Gilbert .g
) N. DeBrito
C. Piper
J. Gilbert
2.6 Current Regulations & Policies C. Piper _
N. DeBrito
. . J. Gilbert
2.6.1 Layers of Noise Governance C. Piper )
N. DeBrito
. - : : J. Gilbert
2.6.2 Cooling and Ventilation Noise Reg-| C. Piper N. DeBrit
. DeBrito
ulations in Copenhagen
2.7 Signi cance of Noise Pollution for In- | C. Piper N. DeBrito
ner City Residents
N. DeBrito .
3 Methodology _ A. Wiesendanger
C. Piper
3.1 Assess Residents', Local O cials',| J. Gilbert All
and Experts' Opinions
A. Wiesendanger
3.2 Measuring Noise and Comparing to J. Gilbert All
Residents' Opinions J. Muccigrosso
J. Muccigrosso
3.3 Presentation for the Inner City Local | J. Gilbert All
Committee and Workgroups and Adding | A. Wiesendanger
to the Sponsor's Website
4 Results C. Piper A. Wiesendanger
4.1 Results for Objective 1 Assess Lo A. Wiesendanger J. Gilbert
cal Copenhagen residents', Municipality
& Local Committee Members, and Noise
Experts' Opinions
4.1.1 Survey Results A. Wiesendanger J. Gilbert
4.1.2 Interviews A. Wiesendanger J. Gilbert
J. Gilbert
4.1.2.1 Jens Oddershede from Force ) C. Piper
A. Wiesendanger
Technology
J. Gilbert
4.1.2.2 John Daniel from Jabra C. Piper

A. Wiesendanger




Section Author(s) Editor(s)
. . - . A. Wiesendanger
4.1.2.3 Stig Wallin from the Municipal- | N. DeBrito - g
. . Piper
ity of Copenhagen P
4.1.2.4 Union Member J. Gilbert C. Piper
N. DeBrito C. Piper
4.1.2.5 Survey Respondent _ p
J. Gilbert A. Wiesendanger

4.1.2.6 Interview Takeaways

A. Wiesendanger

C. Piper

4.2 Results for Objective 2 Measur-| All All
ing Noise and Comparing to Residents'
Opinions
4.2.1 Control Measurement of the Cool-| All All
ing and Ventilation System
4.2.2 Running Measurement of the Cool- All All
ing and Ventilation System
4.2.3 Survey Respondent Cooling SystAll All
tem Measurement
4.3 Results for Objective 3 Presenta-| A. Wiesendanger J. Gilbert
tion for the Inner City Local Commit-
tee and Workgroups and Adding to the
Sponsor's Website
A. Wiesendanger
5 Recommendations _ ¢ C. Piper
J. Gilbert

. J. Gilbert C. Piper

5.1 Recommendations for Future In- A Wi q N. DeBrit
. . . . Wiesendanger . DeBrito

teractive Qualifying Project (IQP) and ¢
Miljgpunkt Indre By & Christianshavn

. . . C. Piper
5.2 Recommendations for the Munici-| A. Wiesendanger .p

J. Gilbert

pality of Copenhagen

5.3 Recommendations for Citizens N. DeBrito A. Wiesendanger
A. Wiesendanger C. Piper

6 Conclusion . g P .
J. Gilbert N. DeBrito

Xiii




1 Introduction

Copenhagen is widely recognized as one of the world's most sustainable, safe, and livable
cities. Danes value renewable energy, climate adaptation, and maintaining a high quality of life
for residents (European Environment Agency, 2021b). However, as cities continue to modernize
and grow, an increasing number of people are exposed to disruptive levels of noise pollution,
leading to more people being a ected by its negative e ects (Tan et al., 2022). In the greater
Copenhagen area, home to over 1.4 million people, over 60% of the population experiences
high noise levels (>55dB) during the day, and more than 40% at night (>50dB) (European
Environment Agency, 2021a). Excessive noise is often overlooked but can have negative mental
and physical health impacts regardless of its type. However, noise pollution is an understudied
topic, with research typically focusing on the noise created by transportation services (cars,
planes, trains) and industrial/construction activities (Arenas, 2026).

The Municipality of Copenhagen has implemented several strategies to reduce noise pollu-
tion. By establishing di erent noise limits in di erent city zones and times, they have partially
limited excessive noise in specic areas and during daytime hours. As such, quieter residential
regions tend to have stricter regulations, especially at night. For example, the typical limit val-
ues measured at neighboring boundaries are 45-55 dB(A) during the day, 40-45 dB(A) during
the evening, and 35-40 dB(A) during the night (Municipality of Copenhagen, 2025). Sounds
such as rain or a running refrigerator fall within these noise limits.

For more than 10 years, the Danish environmental organization Miljgpunkt Indre By &
Christianshavn has had three key areas of focus: a healthy city, a green city, and a circular city,
each with its own speci ¢ aims to improve the local area. One of their current missions is to
reduce noise from sources such as heating, ventilation, and air conditioning (HVAC) systems
and nightlife, to improve community standards by targeting areas with high noise levels.

The goal of this project is to support Miljgpunkt Indre By & Christianshavn in evaluat-
ing whether current Danish noise measurement standards adequately account for problematic
low-frequency environmental noise in the Inner City district of Copenhagen. This goal was
accomplished through three objectives:

1. Assess local Copenhagen residents', municipality and committee members', and noise
experts' opinions on current levels of noise from cooling and ventilation systems, especially
in residential and commercial areas.

2. Measure and analyze cooling and ventilation systems to evaluate di erences between mea-
sured levels and perceived public annoyance identi ed in Objective 1.

3. Present ndings to workgroups and the Inner City committee on discrepancies between
measured noise pollution and perceived annoyance by Inner City residents, along with
developing a webpage with our ndings on the sponsor's website.

These accomplishments will help Miljgpunkt Indre By & Christianshavn's goal of raising
awareness of the harmful e ects of noise pollution generated from cooling and ventilation sys-
tems. In turn, this will hopefully spark e orts on the local level to persuade a change in
legislation and regulations.



2 Background

Noise is an unavoidable consequence of urbanization, arising from sources such as trac,
construction, recreational activities, and neighborhood sounds (Tan et al., 2022). With the
growth of cities and rapid technological progress, noise levels have been increasing in both
urban and rural environments (Rosing et al., 2025). While de nitions vary, noise pollution
is typically considered an unwanted human-produced sound that negatively a ects human or
animal well-being (Arenas, 2026).

The World Health Organization (WHQO) recognized noise as a pollutant in 1972 (de Paiva
Vianna et al., 2015). Subsequently, in 2002, the European Union enacted Directive 2002/49/CE
to manage and mitigate noise pollution. This directive established a systematic approach to
measuring noise, set limit values on the amount of noise produced, raised public awareness,
and implemented legislation (The European Parliament And The Council Of The European
Union, 2002). In 2017, more than one million individuals in Denmark's urban areas were
exposed to noise levels exceeding EU reporting standards (European Environment Agency,
2021b). Understanding the relationship between urban environments and noise exposure is
crucial for improving public health, promoting urban sustainability, and improving the noise
landscape (Chen et al., 2024).

This chapter examines the characteristics that contribute to noise pollution in urban en-
vironments, which is typically in uenced by transportation, neighborhood, aircraft, industrial,
and construction noise. However, low-frequency noise (LFN) generated by cooling and ventila-
tion systems is frequently underexamined. Lower-frequency noise is often underrepresented in
current measurement standards despite its commonality in residential and urban settings. The
health impacts of such noise pollution can be extremely detrimental, as it may increase cor-
tisol levels, directly correlating to lack of sleep, depression, and potential psychological e ects
(Babisch, 2011). Therefore, addressing gaps in noise measurement with policymakers and rele-
vant regulatory bodies is critical, as it may support the development of legislation to improve
public health, citizens' quality of life, and overall community well-being.

2.1 Urban Noise Sources

Individuals encounter numerous sources of noise in daily life, which may a ect overall health
and well-being. These sounds range from relatively subtle, routine background noise to louder,
more disruptive, and often erratic sounds. Understanding the origins of noise pollution is
essential for developing e ective mitigation strategies, as responses vary by scenario. Major
sources of urban noise include transportation, neighborhood, construction, recreational, and
industrial noise.

2.1.1 Transportation Noise

Transportation noise is the primary source of noise pollution in large cities and is considered
the most disturbing source (de Paiva Vianna et al., 2015). It includes noise produced by cars,
trucks, motorcycles, and other road tra ¢ (Gonzalez et al., 2024). Engines, exhaust systems,
and tire-road interactions all generate transportation noise, which is exacerbated through higher



speeds and tra ¢ volumes (Gonzalez et al., 2024).

2.1.2 Neighborhood Noise

Neighborhood noise comes from households, including generators, air conditioners, pets,
home music systems, and appliances. Noise from these sources is often irregular due to variations
in duration and volume. Therefore, regulating these erratic sources within residential homes
is di cult. Additionally, people spend much of their time in the presence of household noise,
which signi cantly a ects sleep quality and well-being (Babisch, 2011).

2.1.3 Other Noise Sources

Other common sources of noise include construction, recreational activities, industrial op-
erations, aircraft, and airport operations. Large cities often see new building projects, which
result in added construction noise. Heavy equipment, such as excavators, jackhammers, and
cranes, produces intense noise. Construction is frequently done during the early morning and
afternoon hours, adding to the problem of disturbing residents in their homes (Arenas, 2026).

Industrial facilities include manufacturing plants, power generation facilities, and mining
operations. The noise class and intensity generated vary by industry type. Recreational activ-
ities include events and leisure pursuits outside of the home, such as restaurants, bars, gyms,
and stadiums. Many of these feature ampli ed sound systems that are used late into the night.
The combination of a large gathering, music, and an exciting atmosphere results in a hot spot
of noise (Arenas, 2026).

Aircraft and airports generate intense noise in concentrated areas and are usually regulated
with zoning and spatial planning laws. However, aircraft noise is typically considered less
important than other sources due to the sounds being concentrated in isolated areas along with
existing regulations (Arenas, 2026). Although fewer people are exposed to aircraft noise than
tra ¢ noise, people nd aircraft noise more annoying and more severely disturbs sleep than
tra c noise at the same level (Gonzélez et al., 2024).

2.2 Measuring Noise Pollution

The characterizations of sounds and regulations to control noise are grounded in two vari-
ables: frequency and magnitude. Frequency relates to a sound's pitch, with higher frequencies
corresponding to higher pitches. Magnitude relates to the intensity of a sound and is commonly
measured in decibels (dB). Both a ect how people experience sound and why sounds can be
experienced as noise, specically how low-frequency noise can be underestimated despite its
signi cant health e ects. The following sections explain the di erence between high and low
frequency, and how various measurement methods quantify the magnitude of noise di erently.

2.2.1 High & Low Frequency

A signal's frequency is categorized as either high or low, and although noise is often
associated with high-pitched sound, some of the more psychologically disruptive noise comes



from the lower end of frequencies. Low-frequency noise (LFN) is classi ed as anything below
250 Hz, and high-frequency noise (HFN) is anything above 250 Hz. The high-pitched chirping
of a bird is an example of high-frequency noise, while the sound of a tuba has a signi cantly
lower pitch, qualifying as LFN. This idea is further exempli ed in Figure 1, which depicts the
di erence between high- and low-frequency sound waves.

Figure 1: Visual representation of low- and high-frequency waves (How Acoustic Foam E ects Sound
Waves: Holland | SoundFix, n.d.).

There are substantial di erences in how low- and high-frequency noise propagate and the
impacts they produce (Thakre & Vijay, 2024). LFN can be felt more than heard, because
the human ear cannot hear lower frequencies. Additionally, LFN can travel greater distances
and transmit more easily through materials (Thakre & Vijay, 2024). Issues have arisen in
noise regulations standards due to measuring within the human hearing sensitivity, thereby
underestimating LFN. Common sources of LFN in urban settings include cooling and ventilation
systems, heavy machinery, tra c, and industrial equipment (Thakre & Vijay, 2024).

2.2.2 Decibels (dB)

Decibels (dB) are the unit of measurement for noise, meaning the louder the noise, the
higher the decibel count (Government of Quebec, 2022), as described in Figure 2. However,
because humans can only hear within a speci ¢ frequency range, sound measurements are often
adjusted using frequency weighting or certain measuring methods. A-weighted noise measure-
ment (dB(A)) focuses on sound levels heard by humans and excludes other sound frequencies.
There is also the C-weighted noise measurement (dB(C)), which measures lower frequency
ranges. It tends to be better at measuring loud, bass-heavy, or industrial sounds, including
cooling and ventilation noise, machinery, and engines. For example, when measuring noise pro-
duced by a sound woofer, an A-weighted measurement would read 75 to 80 decibels, while a



C-weighted measurement would read 90 decibels because it has a less ltered frequency range
(Vernier, 2018).

Noise levels above 75 dB(A) can have severe e ects on hearing. However, even at lower
decibels for prolonged periods, the human body can be adversely a ected. For example, during
sleep or while focusing, the body can be disturbed by noises as low as 40 dB(A), which is around
the sound level of a whisper (Government of Quebec, 2022). Cooling and ventilation systems
typically operate at 50-60 dB, which is equivalent to a quiet conversation, and older machines
can be as loud as 100 dB (Trane, 2026). Sound level meters are used to measure noise.

Figure 2: Noise level decibel chart (Data Smart, n.d.).

2.3 Health & Wealth Impacts of Noise Pollution

Noise is often categorized as a nuisance rather than a problematic issue with real-world health
e ects (World Health Organization Regional O ce for Europe, 2018). Research has shown



numerous negative health e ects from prolonged exposure to certain sounds and frequencies
(Babisch, 2011). This problem is especially prevalent in Europe, with a growing number of
cooling, heating, and temperature-control systems producing low-frequency noise (European
Environment Agency, 2025). While biological mechanisms of noise-induced stress, such as
heart strain and possible hormonal imbalance, are universal, the degree of exposure is often a
re ection of socioeconomic disparity (Dreger et al., 2019). As such, when considering the health
impacts of noise pollution on an individual's social landscape, personal wealth, housing, and
urban density must be accounted for.

2.3.1 Health Problems Derived from Noise Pollution

Prolonged noise exposure, particularly LFN, triggers chronic stress in the human body.
Unlike other sounds, LFN is often perceived as a vibration, which puts the body into a state
of constant environmental stress. This thereby engages the body's nervous system, leading
to increased cortisol levels, i.e., the stress hormone (Babisch, 2011). Ultimately a ecting sleep
quality, leading to a multitude of other problems. Continuous low-quality sleep and a constantly
engaged nervous system result in prolonged stress on the cardiovascular system. When under
consistent stress, it becomes more di cult to enter a deep sleep. As a result, there is a buildup
of in ammation and oxidative stress within the vascular endothelium, increasing the risk of
hypertension and heart disease, as seen in Figure 3, and heart failure (Miinzel et al., 2020).

Another negative health e ect from noise pollution is increased rates of depression, anxiety,
irritability, and cognitive impairment (Ganatra, 2024). The brain interprets constant noise
as a sign of instability and subconsciously depletes emotional energy (Ganatra, 2024). This
is particularly clear with LFN from cooling and ventilation systems, revealing a link between
noise and higher rates of depression and anxiety (Pulakka et al., 2025). In addition, LFN
can a ect children's cognitive abilities. When children learn in a high-noise environment, they
can experience “cognitive masking," where background noise can severely hinder reading and
language skills (Clark & Paunovic, 2018).

2.3.2 Health, Wealth, and Noise Pollution

The health impacts of noise pollution are not equally distributed across socioeconomic lines.
This creates a signi cant gap in how noise pollution a ects people from various backgrounds.
Wealth often acts as a barrier to noise pollution, as individuals with greater means can a ord
solutions to ward o noise. Some examples include quieter, more costly cooling and ventilation
systems, quieter living spaces, and better noise-proo ng materials within the home. A uence
often enables living in neighborhoods with stricter zoning laws (Casey et al., 2017). In contrast,
low-income households are often situated near high-tra ¢ areas, airports, or industrial com-
plexes, which have vast amounts of machinery and cooling and ventilation equipment. Since
people in these areas may not be able to a ord quieter cooling solutions, they often get stuck in
areas with elevated noise pollution, where many negative health e ects can be realized (Casey
et al., 2017).



Figure 3: European Environmental Agency Report on noise in Europe (European Environment
Agency, 2025b).

2.3.3 Noise Impact on Economics

While wealth can act as a shield against noise pollution, the broader economic consequences
of noise pollution can drain the local economy. For instance, the economic value of property can
be signi cantly a ected by noise pollution. Research into hedonic pricing, or how outside factors
in uence property value, shows that areas with extensive noise create “noise ghettos' where value
is very low due to noise pollution (Moretti & Wheeler, 2025). In addition, Copenhagen reports
that property value can increase up to 1% (0.5% for apartments) for each decibel of noise that
is reduced (The Danish Environmental Protection Agency, n.d.). This ties back to the idea
that people with less money cannot a ord to live in areas with lower noise pollution, leading
to increased side e ects for these individuals. Also, the societal cost of these "noise ghettos'
extends to a measurable e ect on workplace productivity and increased healthcare costs (Moretti
& Wheeler, 2025). Noise pollution is more than annoying sounds, as it can have a seriously
negative impact on urban communities and disproportionately a ect low-income households.



2.3.4 Denmark's Upcoming National Health Law

The National Health Law is a cornerstone of the Government's Health Reform 2024 agree-
ment, which introduces Denmark's rst public health legislation. This act aims to strengthen
public health through national law, tackling both the technical aspects of health and its un-
derlying societal issues. As previously noted, health outcomes vary along socioeconomic lines,
and this act seeks to ensure equitable access to a healthy and digni ed life. Furthermore, given
the growing strain on the welfare system and the prospect of labor shortages, enabling older
citizens to lead longer, active lives independent of support is crucial. Simultaneously, adults
and young people need to thrive mentally and physically within supportive environments. This
new legislation will ensure that the state, regions, and municipalities follow the same guidelines
and objectives that are based on preventive and health-promoting e orts. The National Health
Law, set to take e ect on January 1, 2027, is designed to be completed over the following eight
to ten years, with ongoing updates every four years to set a common strategic direction for the
comprehensive development of health services.

2.4 The Unique Issue of Noise Pollution from Cooling and Ven-
tilation Systems

Cooling and ventilation systems are understudied and yet provide constant sources of noise
pollution in urban areas (Ouis et al., 2025). Unlike previously discussed sources, such as
transportation or construction, cooling and ventilation systems operate continuously to control
household temperatures and air quality. This constant background noise becomes especially
noticeable and detrimental during quiet periods, such as nighttime, often proving to be more
disruptive and stress-inducing than intermittent noise sources (Ouis et al., 2025). Additionally,
research has shown that cooling and ventilation systems produce low-frequency noise, which is
less masked by other noise sources and harder to tolerate, even at low levels (Ouis et al., 2025).

In urban cities, such as Copenhagen, where mixed-use buildings, apartment complexes, and
public spaces are often densely packed, rooftop and wall cooling and ventilation units, along
with ventilation ducts and equipment/control rooms, are situated directly next to or connected
to residential living spaces. The proximity of living spaces to cooling and ventilation systems
increases the likelihood of noise and vibrations propagating through buildings, disturbing res-
idents (Ouis et al., 2025). As a result, cooling and ventilation systems represent a frequently
overlooked but important source of noise pollution in urban areas, and as such, require technical
and policy-driven attention.

2.4.1 Sources & Characteristics of Cooling and Ventilation Noise

The noise created by cooling and ventilation systems primarily originates from mechanical
and aerodynamic processes that systems undergo throughout usage. The most common sources
of noise come from fans, compressors, ducts, and various mechanical components that comprise
the systems. While rotating components (fans, compressors, etc.) create noise via vibrations
caused by component imbalances, defects, and blades interacting with air, the turbulent air ow



within cooling and ventilation ducts is also a major contributor to the produced noise pollution.

As turbulent air ow moves through the bends and restrictions of the ducts, it generates aerody-
namic shear and pressure uctuations, which in turn produce broadband acoustic emissions
that escape through the duct vents, as seen in Figure 4 (Ouis et al., 2025).

Figure 4: The acoustic layout of a cooling and ventilation system (Geonoise Instruments).

2.4.2 Sound Transmission & Urban Exposure

Once generated, noise from cooling and ventilation systems can be transmitted to surround-
ing areas via vibrations. This noise propagates through structures integrated with or close to
the systems. This vibrational energy can be transferred throughout the building's structures,
spreading noise to areas far from the cooling and ventilation unit (Ouis et al., 2025). These
transmissions are particularly signi cant in urban areas, as many buildings share walls and
have cooling and ventilation equipment close to where people work and live. Furthermore,
sound waves di ract around and over walls and structures, spreading as they travel and reduc-
ing the e ectiveness of simple noise barriers (Manuel, 2005). As a result, noise produced on
rooftops or walls by cooling and ventilation systems can extend far beyond the source, a ecting
multiple neighboring residences, creating a community-wide issue.

A case study examining the impact of cooling and ventilation systems on residential zones
found that insulation plays a signi cant role in reducing noise pollution as lower frequencies
tend to maintain a higher sound intensity indoors (Thakre & Vijay, 2024). The study also backs
up the earlier idea that homes experience low-frequency exposure, especially at night, which in
turn contributes to poor sleep quality (Thakre & Vijay, 2024). The article mainly focuses on
the glazing ratio of doors and windows and how strongly it a ects noise pollution. For instance,
larger window areas increase exposure to external noise, but double-glazed windows help reduce
noise. Although the article does not go into detail on speci ¢ measurements, it mentions the
mass law, explaining that the heavier the object, the less it vibrates. In Copenhagen, it is
important to consider how lower-income areas experience higher levels of noise pollution due to
the lower quality of materials used in residential buildings (Thakre & Vijay, 2024).



As discussed, noise pollution transmission pathways are heavily in uenced by building lay-
outs and urban planning and the e ectiveness of controlling cooling and ventilation noise, and
noise pollution in general, depends not just on the design of the cooling and ventilation equip-
ment, but also on the facade layout, spacing between buildings, and the distance cooling and
ventilation systems are from living and working areas (York, 1972). In Controlling Urban Noise
Through Zoning Performance Standards, York emphasizes that community noise pollution must
be addressed through policy and planning-based solutions rather than solely through techni-
cal system-level improvements. He argues that Scienti c controls and enforcement standards
have developed which can be integrated with a municipality's zoning code to regulate a major
portion of community noise (York, 1972). Consequently, limiting noise pollution from cooling
and ventilation systems in large cities, such as Copenhagen, requires not only building-level
solutions but coordinated policies and planning strategies on the community-wide level.

2.5 Mitigation & Control Strategies

Solutions for controlling and mitigating noise pollution from common sources such as tra c,
construction sites, residential areas, and airports (Arenas, 2026) can serve as a reference when
considering how to reduce noise from cooling and ventilation systems. Various methods have
been implemented in urban areas to reduce noise pollution, with the optimal approach vary-
ing by source. As such, determining the ideal processes to combat disruptive noise is vitally
important. Figure 5 represents one such path to e ectively eliminating noise.

Figure 5: Framework for eliminating noise pollution (Rosing et al., 2025).



To e ectively manage the various sources of noise pollution listed in Sections 2.1 and 2.2,
cities have implemented regulations, encouraged the adoption of quieter technologies, promoted
improved urban planning and zoning, and educated the public about its impacts (Rosing et
al., 2025). Furthermore, technological advancements are key to reducing noise; the creation of
quieter engines, machinery, and industrial equipment has been instrumental in lowering noise
levels. Innovations in building materials that o er enhanced sound insulation, along with noise-
cancelling technology, are also signi cant. As such, continued research and development are
essential for ongoing progress in noise reduction.

Proper urban planning and zoning also play a large role in keeping noise levels down. De-
liberately adding green spaces, bu er zones, noise barriers, and separating noise-sensitive areas
from noise-generating areas are simple urban design changes for mitigation. Under the Act
on Spatial Planning, areas where sound levels exceed recommended thresholds, such as roads,
railways, and industrial plants, cannot be planned for noise-sensitive building uses like housing
or buildings with overnight accommodation unless mitigation measures are incorporated in the
development plan (Ministry of Environment and Gender Equality, n.d.-b). Additionally, when
authorities grant an environmental permit to a plant, recommended noise limits must be fol-
lowed, as well as a description of the noise level that will occur (Ministry of Environment and
Gender Equality, n.d.-b).

2.6 Current Regulations & Policies

Along with the strategies discussed in Section 2.5, regulations and legislation can be impor-
tant to the management of noise. Local governments can enact noise regulations and enforce
them with penalties. Additionally, incentives can be implemented to increase community com-
pliance. Legislation creates clear standards and guidelines surrounding noise levels for speci c
times of day and in noise-sensitive zones. These regulations help to increase public awareness
and community engagement, which are vital in reducing noise pollution. Public awareness and
community support for noise reduction e orts come naturally as people become more informed
about the associated health risks, sources, and practices to promote a quieter environment
(Rosing et al., 2025).

Noise pollution in Copenhagen is governed by several layers of regulations that operate at
the European, national, and municipal levels. These regulating parties address noise both as an
environmental and public health concern, but because regulations are distributed across di erent
governing bodies and policies, noise regulation can be di cult for residents to interpret without
a clear understanding of how the system is organized and what kinds of noise are regulated at
each level.

2.6.1 Layers of Noise Governance

Combining international public health guidelines, European regulatory frameworks, national
policy, and municipal enforcement, noise regulation in Copenhagen is shaped by a system of
in uence to help cover all bases and keep occupants healthy. These layers function hierarchically,



using scienti ¢ evidence and guidelines to inform policy at national and local levels.

At the highest level of in uence, the World Health Organization provides the public health
foundation for environmental noise regulation across Europe. The WHO's (World Health Or-
ganization Regional O ce for Europe, 2018) compile scienti ¢ evidence on the relationship
between environmental noise exposure and negative health e ects, helping to set limits to avoid
the public enduring those health impacts. The guidelines recommend health-based exposure
levels for multiple noise sources and are intended to support decision-making by European
countries (World Health Organization Regional O ce for Europe, 2018). These guidelines are
not legally binding, but they serve as an accredited reference for understanding the health
implications of noise and establishing the public need for noise regulation.

Building on this scienti ¢ foundation from the WHO, the European Union provides a legal
framework, such as the Environmental Noise Directive. This Directive does not directly adopt
the WHO-recommended exposure limits or provide uniform thresholds across the European
countries; it requires standardized assessment, mapping, action planning, and public information
on environmental noise (The European Parliament And The Council Of The European Union,
2002). By establishing consistent reporting structures, the European Union can ensure that
noise exposure is systematically identi ed while leaving speci ¢ values and mitigation measures
to national and local authorities, allowing for more stringent policies where necessary.

At a national level, Denmark codi es European Union requirements into a technical system
through the Danish Environmental Protection Agency (EPA). The EPA is responsible for co-
ordinating and publishing noise maps, as seen in Figure 6, as well as reporting to the European
Union; the initial noise mapping of Copenhagen was completed in 2007, and a second phase
with more detail and a wider area in 2012 (Ministry of Environment and Gender Equality,
n.d.-b). These maps use data reporting on noise levels from tra c in major urban environ-
ments in the country, exposing areas that need sound barriers and showing what areas may
be receiving the most noise exposure. National public health authorities further reinforce the
framework by communicating the health implications of noise exposure using evidence from the
WHO recommendations. Additionally, the Danish Social and Housing Agency regulates con-
struction processes and products to ensure the safety and health of building occupants through
the enforcement of the Building Act (Danish Social and Housing Agency, n.d.).




Figure 6: Example of a noise map provided by Denmark's EPA (Lene Nghr Michelsen og Jakob Fryd
and Road Directorate Allan Jensen and A/S, R. D., 2010).

At the municipal level, Copenhagen applies national frameworks to local conditions through
enforceable bylaws and legislation. Municipal agencies such as the Climate, Environmental, and
Technical Administration help oversee the regulation of these policies and work with residents to
maintain public health as it relates to noise regulation (Klima-, Miljg- og Teknikforvaltningen |
Kgbenhavns Kommune, n.d.). Copenhagen's adoption of targeted regulations addressing noise
from cooling and ventilation systems is informed by the WHO recommendations, but can be
more nuanced to best cater to the city's needs.

In addition to municipal oversight, the Inner City has district-level governance to focus
on local priorities. Each of the 12 districts in Copenhagen has its own Local Committee,
with the Inner City Local Committee, established in 2008, being made up of 23 members and
managing approximately DKK 2.6 million in funds for the district (Formal og opgaver | Indre
By Lokaludvalg, n.d.). Monthly meetings are open to the public, and the Local Committee acts
as a liaison between the Copenhagen City Council and the residents of the Inner City (Formal
og opgaver | Indre By Lokaludvalg, n.d.). Through these public forums, residents can in uence
decisions as it relates to their living environment, including noise-related concerns.

2.6.2 Cooling and Ventilation Noise Regulations in Copenhagen

General noise policies address environmental noise exposure broadly, but cooling and ven-
tilation systems present a more localized and technical regulatory challenge. The continuous
low-frequency noise produced may not be immediately apparent during building design or instal-
lation, leading to variances in performance based on installation. To combat this and improve
consistency, the Danish Social and Housing Agency's BR18 gives regulations for ventilation
speci cally in Chapter 22: Ventilation (Danish Social and Housing Agency, n.d.). At the



municipal level, the Copenhagen City Council adopted a bylaw in 2025 focused on reducing
the noise levels from cooling and ventilation systems, speci cally targeting regulation on heat
pumps. This legislation re ects a movement toward source-speci ¢ regulation, targeting large
building systems that contribute to persistent urban noise (Municipality of Copenhagen, 2025).
While independent from national building codes, the bylaw ties together building regulation,
system placement, and operation to meet this new criterion.

The adoption of Copenhagen's revised regulation on noise from cooling and ventilation
systems followed a formal municipal legislative process, including public consultation, admin-
istrative review, and political deliberation (Municipality of Copenhagen, 2025). During the
consultation phase, local committees and citizens were able to submit their input and com-
ments on the proposed legislation. This process in uences how the regulation is interpreted and
re ned. The administrative review process identi es where clari cation is needed based on this
feedback, illustrating how public input can shape the community's regulations. While the legis-
lation came from the Technical and Environmental Administration, the people of Copenhagen
are the ones who decide what they want for their community. After gaining the approval of
the City Council, the updated requirements for cooling and ventilation systems were formally
implemented.

2.7 Signi cance of Noise Pollution for Inner City Residents

The legislative framework in the Inner City is set to serve the people who inhabit the
district, and more can be done to address environmental noise exposure in the dense urban
area. Mixed-use areas where residential buildings are situated near commercial properties and
mechanical systems are particularly susceptible to continuous noise that can disrupt quality of
life and occupant health. Even when systems follow technical requirements, residents may still
experience disruption, highlighting the disconnect that exists between regulatory standards and
the lived experience.

Addressing noise pollution in the Inner City, as shown in Figure 7 is not only a regulatory
issue, but one that requires greater awareness among legislative and policy decision-makers.
Many policymakers may underestimate the extent to which noise exposure contributes to health
e ects and daily disruptions experienced by residents. Increasing awareness among legislative
members about the sources, impacts, and prevalence of environmental noise is a critical step
toward developing e ective regulations and mitigation strategies. Understanding how residents
perceive environmental noise and documenting its impacts can provide valuable evidence to
inform policy decisions and support healthier living conditions in the Inner City.
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