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Abstract 

The past two decades have witnessed a dramatic rise in the number of green 

buildings in the construction industry; green buildings are certified through rat-

ing schemes, such as BREEAM and LEED, which consider acoustics part of In-

door Environmental Quality (IEQ). Although some studies have examined IEQ, 

there has been no research conducted in this field in Finland. 

This thesis compares acoustics criteria in BREEAM and LEED with Finnish 

national regulation and determines the challenges that acoustics consultants 

face in green buildings dealing with various design aspects. Additionally, the 

thesis evaluates the acoustics comfort of green office buildings by conducting a 

Post Occupancy Evaluation (POE) survey for the acoustics comfort on seven of-

fice green buildings and two office conventional buildings in Finland. Based on 

a literature review of earlier research, an online and paper-form survey was dis-

tributed to users of green buildings and conventional buildings. In addition, 

acoustics measurements were collected from the investigated buildings. 

An analysis of the responses demonstrated that users' satisfaction with 

acoustics comfort fluctuated within building categories regardless of the build-

ing being either green or conventional and it acquiring or missing acoustics 

credits. The results correspond to previous studies’ claims that acoustics com-

fort in green and conventional buildings is approximately the same. 

The survey indicates that personal and contextual variables influence acous-

tics comfort inside buildings (such as age, gender, building tenure, work desk 

conditions, and visual privacy); specifically, gender and visual privacy signifi-

cantly impact acoustics comfort.  

Another finding is that acoustics measurements do not correlate with the 

survey results. This demonstrates that there are other aspects (such as personal 

and contextual variables) to consider for acoustics performance together with 

specified acoustics parameters by authorities or organizations. 
 

Keywords  acoustics, green buildings, BREEAM, LEED, post occupancy evalua-

tion, indoor environmental quality, acoustics comfort 
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Tiivistelmä 

Viimeisten kahden vuosikymmenen aikana vihreän rakentamisen määrä on kasva-

nut dramaattisesti; kestävän kehityksen periaatteiden mukaan rakennetut raken-

nukset (engl. green buildings) sertifioidaan BREEAMin ja LEEDin kaltaisilla luoki-

tusjärjestelmillä, joissa akustiikka on osa sisäympäristön laatua (IEQ). Vaikka 

IEQ:ta on tutkittu joissakin tutkimuksissa, Suomessa ei ole tehty alan tutkimusta. 

Tässä opinnäytetyössä verrataan BREEAMin ja LEEDin akustiikkakriteerejä 

Ympäristöministeriön ohjeeseen ja selvitetään, millaisia haasteita akustiikkakon-

sultit kohtaavat erilaisissa vihreän rakentamisen projekteissa. Lisäksi tutkielmassa 

arvioidaan ympäristösertifioitujen toimistorakennusten akustista mukavuutta te-

kemällä akustista mukavuutta koskeva käyttäjätyytyväisyys (POE) -tutkimus seit-

semälle sertifioidulle toimistorakennukselle ja kahdelle tavanomaiselle toimistora-

kennukselle Suomessa. Ympäristösertifioitujen toimistorakennusten ja tavan-

omaisten toimistorakennusten käyttäjille jaettiin verkkokysely ja paperinen kysely. 

Lisäksi koottiin tutkittavien rakennusten akustisten mittausten tulokset. 

Vastausten analyysi osoitti, että käyttäjien tyytyväisyys akustiseen mukavuuteen 

vaihteli rakennusluokkien sisällä riippumatta siitä, oliko rakennus ympäristöserti-

fioitu vai tavanomainen ja oliko se saanut akustisia pisteitä vai ei. Tulokset vastaa-

vat aiempien tutkimusten tuloksia, joiden mukaan akustinen mukavuus ympäris-

tösertifioiduissa ja tavanomaisissa rakennuksissa on suunnilleen sama. 

Tutkimus osoittaa, että henkilökohtaiset ja kontekstisidonnaiset muuttujat ovat 

yhteydessä akustiseen mukavuuteen rakennuksissa (kuten ikä, sukupuoli, raken-

nuksessa työskentelyn kesto, työpisteolosuhteet ja visuaalinen yksityisyys); erityi-

sesti sukupuoli ja visuaalinen yksityisyys ovat merkittävästi yhteydessä akustiseen 

mukavuuteen.  

Tutkimuksessa havaittiin myös, että akustiset mittaukset eivät korreloi tutki-

mustulosten kanssa. Tämä osoittaa, että on olemassa muita näkökohtia (kuten hen-

kilökohtaiset ja kontekstiin liittyvät muuttujat), jotka on otettava huomioon akus-

tista suorituskykyä arvioitaessa, yhdessä viranomaisten tai organisaatioiden mää-

rittelemien akustisten parametrien kanssa. 

Avainsanat  Akustiikka, ympäristösertifioidut rakennukset, BREEAM, LEED, 

käyttäjätyytyväisyys, sisäympäristön laatu, akustinen mukavuus 
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Symbols and abbreviations 

Symbols 
 

Rw Weighted sound reduction index [dB] 

DnTw Weighted standardised level difference [dB] 

Dw weighted level difference [dB] 

STC Sound Transition Class [dB] 

Leq Equivalent continuous sound level [dB] 

LAeq A-weighted equivalent continuous sound level [dB] 

LAeq,T A-weighted equivalent continuous sound level measured over a 

speified period of time [dB] 

Lmax Maximum measured sound level [dB] 

LAFmax,T A-weighted, maximum, sound level measured with a fast time 

weighting [dB] 

L’nT,w Weighted standardised impact sound pressure level [dB] 

T Reverberation time [s] 

Tmf Average reverberation time at 500 Hz, 1 kHz and 2 kHz octave  

bands [s] 

Lden Average day-evening-night noise level [dB] 

Lnight Average night-time noise level [dB] 

  

  

 

Abbreviations 
 

BREEAM Building Research Establishment's Environmental Assessment 

Method (UK-based green buildings rating scheme) 

LEED Leadership in Energy and Environmental Design (US-based green 

buildings rating scheme) 

IEQ Indoor Environmental Quality 

IAQ Indoor Air Quality 

POE Post Occupancy Evaluation 

RTS (Ympärstöluokitus) 

Finnish Environmental Classification scheme  

SDG Sustainable Development Goal 

BIM Building Information Technology 

LCA Life-Cycle Assessment 

YM Ääniympäristö, “ympäristöministeriön ohje rakennuksen ääniym-

päristöstä” 

Acoustics regulation of Ministry of the Environment in Finland 

Hea 05 Acoustics performance specification in BREEAM manual 

Pol 05 Reduction of noise pollution specification in BREEAM manual 

STC Sound Transition Class 
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T Reverberation Time 

HVAC Heating, Ventilation, and Air Conditioning  

STI Sound Transmission Index 

BREEAM-AKU BREEAM-certified buildings that have acoustics credits 

BREEAM-NO BREEAM-certified buildings that have no acoustics credits 

LEED-AKU LEED-certified buildings that have acoustics credits 

LEED-NO LEED-certified buildings that have no acoustics credits 

CB Conventional Buildings 

Green-AKU Green-certified buildings that have acoustics credits 

Green-NO Green-certified buildings that have no acoustics credits 
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1 Introduction 
 

The last two decades have witnessed a dramatic rise of green buildings in the 

construction industry. This has been due to public awareness of adopting sus-

tainability and sustainable practices for various reasons, such as global 

warming, immigration and the resulting rapid growth of population, as well 

as eliminating environmental impacts [1, 2]. Additionally, several studies 

have proposed that occupants of green buildings have a higher level of 

productivity and satisfaction than those of conventional buildings [3]. The 

construction industry is considered a major energy consumer contributing 

approximately 40% of the global total energy consumption, producing high 

carbon emissions, greenhouse gases, and massive waste. Embracing sustain-

able practices will reduce these effects [1, 3]. 

Green buildings are certified using green buildings rating schemes, such 

as Leadership in Energy and Environmental Design (LEED) and Building Re-

search Establishment's Environmental Assessment Method (BREEAM), 

which can be defined as tools to evaluate and encourage sustainable develop-

ment. They also provide guidance and information on achieving sustainabil-

ity [4].  

Indoor Environmental Quality (IEQ) is one of the essential criteria of the 

green buildings rating schemes, IEQ includes indoor air quality (IAQ), light-

ing and visual comfort, thermal comfort, acoustics, functionality, and aes-

thetics [2]. Recently, considerable research has addressed the IEQ of green 

buildings, focusing on green buildings in the US and Asia. However, few stud-

ies have focused on the acoustics performance of these buildings. Despite 

Finland being a global pioneer in sustainability and green buildings [5], no 

studies have addressed the IEQ of green buildings in Finland. 

Therefore, this thesis aims to evaluate the acoustics performance of green 

buildings in Finland and compare their acoustics performance with conven-

tional buildings in Finland, as well as other green buildings overseas (from 

previous studies). Additionally, this thesis investigates the impact of personal 

and contextual variables on acoustics comfort as proposed in previous re-

search [6]. It is accomplished by conducting Post Occupancy Evaluation 

(POE) survey of acoustics comfort of green and conventional buildings in 

Finland, as well as collecting acoustical measurements. The POE survey of 

IEQ is restricted to the acoustics performance of the buildings alone, omit-

ting other IEQ aspects, such as lighting, temperature, and others. 

To optimize the acoustics design in green buildings, this thesis determines 

the challenges that face the acoustic consultant in green buildings dealing 

with architecture, sustainability, and other aspects. Additionally, this thesis 

aims to distinguish other considerations that influence the acoustics perfor-

mance of the buildings in Finland. It is conducted by analysing the POE sur-

vey results and the acoustics measurements results. 
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The remainder of this thesis is structured as follows. Chapter 2 introduces 

sustainability and green buildings with an overview of the BREEAM and 

LEED rating schemes. The chapter also provides information about sustain-

ability in Finland, focusing on the construction industry. Chapter 3 is an 

overview of BREEAM and LEED acoustics criteria as well as a comparison 

between them and Ääniympäristö (YM) (Acoustics regulation from the Finn-

ish Ministry of Environment). Chapter 4 demonstrates the common acous-

tics problems in green buildings and the possible acoustics solutions, as well 

as reviews current studies on acoustics comfort in green buildings. Chapter 5 

presents POE surveys of the acoustics comfort of green and conventional of-

fice buildings in Finland. Furthermore, this chapter shows acoustical meas-

urements of conventional and green buildings in Finland. Chapter 6 analyses 

the POE survey and acoustical measurements of the buildings. Chapter 7 con-

cludes this thesis and proposes future studies.  
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2 Understanding green buildings 
 

2.1 Energy use in buildings 
 

By 2056, it is estimated that the world population will increase by 50%. Con-

sequently, global energy consumption and manufacturing activities will in-

crease threefold. Due to rapid growth, the construction industry will contrib-

ute significantly to both energy consumption and manufacturing. The inter-

national awareness of climate change created a global effort to eliminate it, 

for example the Paris agreement in 2015-2016 and assigning “building day” 

in the UNFCCC conference of parties. Thus, energy resource consumption 

and fossil fuel usage have raised people’s concerns about environmental im-

pacts, global warming, and carbon dioxide emissions [7].  

Buildings consume energy their entire life, starting from the material pro-

duction, design and construction stages, and ending with energy for building 

operations. Moreover, the construction industry plays a vital role in environ-

mental pollution due to raw material consumption of around three billion 

tons annually, and a vast amount of waste [7]. Figure 1 presents the main 

factors (building services, building envelopes, human factors, as well as cli-

mate) influencing energy consumption in the construction industry and the 

relation between them, such as human factors influencing building envelopes 

through window control, and automatic controls of building services also in-

fluencing building envelopes. 

 

 
Figure 1: The essential factors influencing energy consumption in buildings 

[8] 
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The global consumption of energy is not distributed equally between all 

countries globally. Developed countries with a high GDP consume more en-

ergy than developing countries with a low GDP, and there is a relation be-

tween the nation's welfare and energy consumption. The construction indus-

try is considered one of the largest natural resources and energy consumers 

with 40% of total global energy consumption [9].  

Finland is considered one of the countries with increased energy con-

sumption due to cold weather and a high demand for heating, heavy industry, 

and long-distance transportation. The construction industry accounts for 

30% of the total energy consumption in Finland [10]. In the European Union, 

30% of the total waste is generated by the waste materials from the construc-

tion industry [11]. In the United States, the construction industry accounts 

for 39% of total energy consumption [9]. Moreover, 25% of urban cities' 

waste and 50% of the hazardous waste are generated by construction and de-

molitions, in addition to fact that building industry uses a large amount of 

sand, steel, stone, aggregate, virgin wood, and other raw materials, which are 

playing a significant role in pollution [12].  

It has been reported that building operations are causing enormous dam-

age to the environment due to energy consumed in buildings, especially en-

ergy used for operating HVAC systems. HVAC systems are responsible for 

81% of the total energy consumption of urban buildings in Finland, while 

only 14% is attributed to lighting and home appliances [13].  

Thus, the construction industry harbours goals for saving the environ-

ment by using technology, such as finding renewable energy resources as an 

alternative for harmful energy resources, and applying energy sufficiency in 

building [9]. However, green buildings have been introduced to improve en-

ergy-efficiency, curb environmental impacts, and create economic benefits. 

 

 

2.2 Understanding sustainability  
 

At the beginning of this study, it was necessary to decide whether the subject 

of this thesis is  “Acoustics in Sustainable Buildings” or “Acoustics in Green 

buildings”. However, after reading about green buildings and sustainability, 

it was concluded that “Acoustics in Green Buildings” describes more accu-

rately the scope of this master’s thesis. 

Green and sustainability have always been vague concepts due to miscon-

ceptions between green design and sustainable design. Moreover, these two 

terms are far from being synonyms; while the first terminology focuses 

mainly on environmental and ecological impact, the latter term stands for 

three pillars, environmental, social, and economic, as well as many other cur-

rent and future considerations [3] [2].  

Recently, the term sustainability has been exploited everywhere as a trend 

for lifestyle, marketing, health, and even politics. It is also crucial to decide 
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what can be called sustainable and what can be called unsustainable; for ex-

ample, something economically sustainable can be environmental and so-

cially unsustainable and vice versa [14]. Thus, sustainability is an interdisci-

plinary concept with many multi-interpretations and dimensions that is con-

stantly developing [2].  

The UN has defined sustainability as “meeting the needs of the present 

without compromising the ability of future generations to meet their own 

needs”. In 2015, the world summit identified the environment, economy, and 

society as dominant and interdependent pillars of sustainability [15]. Also, in 

2015, the UN designed 17 Sustainable Development Goals (SDG) to be 

achieved by 2030 [16]. In particular, SDG 9 (Industry innovation and infra-

structure), SDG 11 (Sustainable cities and communities), SDG 12 (Responsi-

ble consumption and production), and SDG 13 (Climate action) put the con-

struction industry in the spotlight to take action to achieve these sustainable 

goals [3]. Figure 2 presents UN 17 SDGs. 

 
Figure 2: The UN 17 Sustainable Development Goals 

 

Cywinski [17] has stated that sustainability is based on five pillars: preser-

vation of nature, health and safety, less manufactured material, social ecol-

ogy, and cultural ecology. Education, morals, and culture are concerned for 

the last two pillars. Other areas also counted in sustainability include man-

agement and business operations, design and construction technology, con-

struction methods and materials, society, and government policy.  

Industrial sustainability can be defined as creating products and services 

for the current generation while not impairing social, environmental, and 

economic prospects in the long term.  The Finnish National Commission on 

Sustainable Development stated three aspects of sustainable development: 

ecological, municipal, and cultural [12]. UAE also considered culture as a 

fourth pillar for sustainability in addition to the UN’s three pillars [18]. 
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Sustainability has been extended and adopted in many fields, including 

the construction industry. Sustainable buildings are based on the three pil-

lars of sustainability (environment, society, and economy). Due to the efforts 

to embrace sustainable development in the construction industry, green 

building rating systems were established by green building councils globally 

to demonstrate compliance with sustainability requirements [19]. 

 

2.3 Green buildings 
 

A Green building is a building that is intended to curb negative impacts on 

the environment. In other words, it is a building that has been designed, con-

structed, and operated with minimum impacts on the environment and 

building occupants; furthermore, renovation and deconstruction should be 

considered from an early design stage of building desgin [3, 12]. 

Green buildings focus on improving environmental and economic aspects 

and barely consider the social aspects. This could be explained by the frag-

mented nature of the construction industry, and because design profession-

als often are not involved in the building operation [3]. 

The green building design must consider the building life, functional qual-

ity, environmental quality, and future values. The green design needs an in-

tegrated approach to achieve sustainability goals and should consider the 

whole building life cycle, including the architectural design, structural de-

sign, construction stage, building operations, building demolition, and recy-

cling [8].  

The building life cycle is a crucial aspect. Therefore, a Life-Cycle Assess-

ment tool (LCA) is utilized to investigate and evaluate the environmental, 

economic, and social effects of a service or product.  

In green buildings, LCA evaluates building materials for their entire life, con-

sidering their environmental impact, including materials' embodied energy, 

air and water pollution, and their impacts on global warming and climate 

change [9, 20]. Figure 3 depicts the phases of building’s life cycle, and issues 

that shall be considered in each phase of the building life cycle. 

In addition to the direct environmental benefits and impacts of green 

buildings, there are also indirect benefits [3, 12]: 1) Economic benefits in the 

long term, achieved by the cost-savings actions in energy and water con-

sumption. 2) Individuals spend more than 90% of their time inside buildings; 

green buildings aim to raise the level of occupants satisfaction as a result of 

providing welfare and a comfortable environment. 3) The previous men-

tioned benefits will lead to increased employees productivity and, therefore, 

higher economic returns . 4) Expand investment in people and equipment to 

support the economy. 5) Support social environments; some green buildings 

take into consideration the social component of the building by designing a 

comfortable environment for the building users and assessing the users’ in-

teractions and their relationships with internal and external stakeholders. 6) 
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Flexibility and ability to adopt different uses in the future. 7) Enhanced pro-

duction quality increases customer satisfaction 8) Promotion of sustainable 

development globally. 

 

 
Figure 3: The life cycle of green building. Building stages: Pre building 

phase (design), building phase (construction), post-building phase (opera-

tion and maintenance, demolition and recycling) [11] 

 

The conventional construction model negatively impacts the global envi-

ronment because of the enormous greenhouse gas emissions, water usage, 

building waste, and non-sustainable construction materials [11].  Thus, em-

bracing the green building concept and sustainable strategies in new build-

ings and existing buildings is essential. This can be done for instance, by em-

bracing creative technology to construct new building materials that require 

less energy, or using renewable energy. Or by finding an alternative solution 

to create efficient building design technologies, such as door control, or using 

insulation materials for new and existing buildings considering both cold and 

warm weather. Also, designing and installing HVAC systems that monitor 

airflow and maintain indoor temperature can help to reduce building energy 

use. Lighting also uses much energy and generates heat; therefore, it is es-

sential to use efficient and effective lighting [9] [11]. Hazardous materials can 

be eliminated from construction operations by adopting waste management 

[12]. Figure 4 presents the heating and cooling effects of conduction, convec-

tion, and radiation of heat waves in a building, which is one of the creative 

technologies to save energy. 

Pramanik ha stated that integrating technologies within green buildings 

created what is called smart buildings with advanced digital service; for 
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example, automated control for lights and ventilation is a creative way of 

curbing energy consumption. Smart building technologies are one of the 

good solutions for creating green buildings [11]. 

 

 
Figure 4: The heating and cooling effect by conduction, convection, and ra-

diation of heat waves in a building. 

 

2.4 Sustainability and the construction industry in Finland 
 

From the beginning of the 2000s, sustainability has been one of the signifi-

cant concerns in Finnish society, planning to adopt the UN's sustainable 

goals in 2030 [21].  

As mentioned at the beginning of this chapter, Finland is considered one 

of the largest energy consumers per capita. The construction industry is re-

sponsible for more than 50% of the carbon emissions. Accordingly, Finland 

has embraced new policies for rescuing the environment and eliminating 

greenhouse gas emissions by decentralizing renewable energy resources such 

as solar panels and turbines that are becoming popular among locals, while 

fossil fuel energy resources are centralized. Furthermore, Finland has poten-

tial plans to integrate renewable resources within buildings, such as solar 

photovoltaics systems on the building rooftop. Finland has set strategies to 

reduce greenhouse emissions by 80% and to use more renewable energy by 

2050. The goal is that 50% of the energy consumed in Finland should be from 

renewable sources  [10].  

In 2014, Finland introduced the third national energy efficiency action 

plan defining the energy-saving plan's target: saving 16% of the total energy 

consumption [21]. The city of Helsinki has joined the Net Zero Carbon 
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commitment developed by the World Global Building Council. Local author-

ities and private companies in Finland have adopted this commitment to 

achieve net-zero carbon emissions by 2030 [5]. 

Generally, buildings in Finland are designed with sturdy insulation to pre-

serve the heat inside the building with no natural ventilation. Thus, mold and 

air quality problems are the prevalent issues in Finnish buildings that cause 

health problems due to humidity and the wrong ventilation system for the 

building. However, mechanical ventilation is used during winter and sum-

mer as an alternative to natural ventilation. This makes green building design 

more challenging in Finland, as achieving some of the green building criteria 

in an airtight building with a closed system is difficult [10].  

Finland is recognized globally as a leader in eco-innovation and actively 

promotes Building Information Modelling (BIM), aiming to develop sustain-

ability in construction models by adopting Life-Cycle Assessment (LCA) tools 

[21, 5]. The construction industry is growing and developing rapidly in Fin-

land. It was reported that the lifespan of buildings in Finland is 30-60 years. 

However, after 25-30 years, many buildings will have the same outward form 

as when they were built, as they will preserve about 50% of their original el-

ements and materials. This raises the crucial need of creating fragmented 

buildings where most elements can be replaced and recycled to adapt to the 

changes. The previously mentioned issues challenge Finland to hold on to its 

position as a pioneer in sustainable construction and using renewable energy 

systems [10, 5]. 

Alvar Aalto was one of the first architects in modern Finnish architecture 

to consider sustainability (environmental aspects). His works focused on the 

relationship between humans and nature. Typical green building aspects can 

be noticed in his work. For instance, In his early work Paimio Sanatorium, 

Aalto gave significant attention to designing the patients' rooms according to 

their needs and assessing how they spent most of their time lying in bed. The 

building layout was designed to place active spaces towards the south to re-

ceive the maximum amount of sunlight, to keep the building warm, and to 

have natural lighting; consequently, services spaces and corridors were 

placed towards the north. Patient rooms were designed with shaders using a 

triple mullioned window system to control the natural lighting in different 

seasons and set the same temperature in all rooms during all the seasons. 

Additionally, Aalto used windows’ air vents for natural ventilation. The pa-

tients' dining hall was designed to receive a vast amount of daylight by bene-

fitting from the different heights in the space. [10] 

Another excellent example of Aalto's green buildings is the Viipuri library. 

The square layout has fewer external facades exposed to the cold weather, 

which is considered a suitable solution for the Finnish climate, to preserve 

the heat inside the building. The library was designed to eliminate shadows 

that disturb readers. Therefore, Aalto considered atrium size proportions, us-

ing light-reflective colours for the walls and railing, and designing unique 
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ceiling openings that allow light to be reflected from the roof in all directions, 

regardless of whether it is sunny or a cloudy day. Figure 5 depicts the em-

ployment of ceiling openings to obtain a significant amount of natural light-

ing. Additionally, the acoustic performance of the space was considered in 

the finishing materials to provide good reading conditions for library users 

[10]. 

 

 
Figure 5: Section and picture of ceiling openings in Viipuri library [10] 
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2.5 Rating schemes 
 

Green building rating schemes are defined as tools to evaluate and encourage 

sustainable development; they provide guidance and information towards 

achieving environmentally friendly construction [4]. Green building rating 

schemes are introduced by authorities and organizations to reduce the con-

sumption of natural resources and minimize environmental impacts. The use 

of green building rating schemes has recently increased in the construction 

industry due to client and market demands and international pressure to-

ward sustainable practices [3]. 

Certified green buildings usually have an excellent reputation as they con-

sider Indoor Environmental Quality (IEQ), consume less energy, and have a 

lower environmental impact [2]. Most green building rating schemes focus 

on the environmental aspect while giving other sustainability aspects the 

least importance [2, 18]. Various green building rating schemes are available 

globally, and some countries have their own rating schemes, since green 

practices in the building industry differ from region to region for various rea-

sons, such as climate and cultural impacts [2]. Additionally, some schemes 

are amended for different building types, such as health, residential, com-

mercial, etc. [12, 2]. According to previous studies, there are around 600 rat-

ing schemes worldwide. BREEAM (Building Research Establishment Assess-

ment Method) is known as the first rating scheme, developed by British Re-

search Establishment (BRE) in 1990. Numerous rating schemes have been 

developed, such as USA's LEED (Leadership in Energy and Environmental 

Design), Canada's LEED, CASBEE (Comprehensive Assessment System for 

Building Environmental Efficiency) in Japan, BEAM (Building Environmen-

tal Assessment Method) in Hong Kong, Green Star in Australia and New Zea-

land, RTS (Environmental Classification) in Finland, and Estidama PRS (Es-

tidama Pearl Rating System) in UAE. [2, 4, 18, 12] 

This research focuses on BREEAM and LEED rating schemes as they are 

the most popular rating schemes used worldwide [2, 18] 
 

2.5.1 BREEAM 

 

BREEAM was the first in the world; it was introduced in 1990 by the BRE in 

the UK. It influenced most of the rating schemes that came after, such as 

LEED [2]. BREEAM is commonly used because it allows international build-

ings and adopts local codes. BREEAM evaluates the building life-cycle, con-

sidering different stages including design, construction, building operations, 

and refurbishment. Also, the BRE provides guidelines for developers, stake-

holders, authorities, and designers [22]. 

BREEAM has developed several rating schemes for the UK and globally, 

based on building type, including BREEAM Infrastructure, BREEAM Com-

munities, BREEAM New construction, Home Quality MARK, BREEAM In-
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Use, and BREEAM Refurbishment. The international scheme is designed to 

adapt the local building codes of each country [23]. This study focuses on 

BREEAM New construction, which applies to new buildings outside of the 

UK. 

Although BREEAM considers the three pillars of sustainability: economy, 

environment, and social. The environmental pillar is still the predominant 

factor, with eight out of 10 categories focusing on environmental impacts. 

BREEAM categories and sub-categories are presented in appendix A in Table 

16 [23]. 

 

2.5.2 LEED 

 

LEED is a US-based rating scheme developed by the US Green Building 

Council in 1998. It is considered the most widely adopted rating scheme, with 

over 100,000 projects across 167 countries [24]. LEED provides building de-

signers and operators with a framework for distinguishing and implementing 

green building design, construction, operation, and maintenance solutions. 

LEED predominantly evaluates building environmental factors. LEED's 

main assessment categories and sub-categories are presented in appendix A 

in Table 17 [25].  

LEED buildings are evaluated based on criteria from five different rating 

schemes apply to different types of building: Building Design and Construc-

tion, Interior Design and Construction, Building Operations and Mainte-

nance, Neighbourhoods Development, and Homes. This study focuses on 

LEED V4 Building Design and Construction [24]. 

 

 

2.5.3 Comparison between BREEAM and LEED  

 

BREEAM and LEED are different in their flexibility. BREEAM has more cer-

tified buildings than LEED. The former has 600,000 building certifications 

in 93 countries, and the latter has over 100,000 certifications in 167 countries 

[22, 24]. This vast difference in numbers could be explained for three rea-

sons: First, BREEAM accounts for 80% of the total certified buildings in the 

European market. Europe is its primary market where most countries are 

aware of sustainability practices. Second, LEED has a more transparent rat-

ing method for calculating the credits, while BREEAM is considered a more 

complicated approach as it adopts pre-weighted categories. Third, BREEAM 

has a stricter criterion for acquiring credits than LEED [2]. 

LEED and BREEAM focus more on Indoor Environmental Quality/Health 

and Wellbeing, Energy, and Materials by having more accumulated credits 

and weighting for each category. Therefore, BREEAM and LEED prioritize 

environmental factors in their manuals, with 75% of the sub-categories fo-

cusing on the environmental factor. Social considerations account for 
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approximately 9% of the sub-categories. While LEED does not consider the 

economic aspects, BREEAM considers the economy with one sub-category of 

2% [2]. Further information about BREEAM and LEED categories and cred-

its is found in appendix A. 

Depending on the score achieved by the green building, BREEAM has five 

different certification levels and LEED has four certification levels. Both rat-

ing schemes’ certification levels are presented in Table 1. The compulsory 

credits in BREEAM certification increase with the certification level. Usually, 

a BREEAM expert determines which categories are applied to each project 

and the number of available credits. LEED on the other hand has specific 

constant criteria that are mandatory to achieve in all certification levels [18, 

23, 24]. The building can attain innovation credits in both rating schemes if 

they accomplish remarkable performances not included in the rating 

schemes’ categories. Targeting innovation credits usually depends on the 

project stakeholders [2, 23, 25]. 

 

Table 1: BREEAM and LEED Rating levels and points 

 
BREEAM LEED 

Rating Credits Rating  Credits 

Outstanding ≥ 85 Platinum ≥ 80 

Excellent ≥ 70 Gold ≥ 60 

Very Good ≥ 55 Silver ≥ 50 

Good ≥ 45 Certified ≥ 40 

Pass ≥ 30   

Unclasiffied < 30   

 

Currently, the building stakeholders decide if there is a need for green 

building certification. However, there has been a recent trend to use these 

rating schemes as mandatory building codes in certain cases. For example, 

BREEAM has become a mandatory requirement to attain funding from the 

UK departments responsible for health and education. Also, high-rise resi-

dential buildings in San Francisco are required to have at least Silver LEED 

certification [2]. 
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2.5.4 Environmental classification scheme (RTS) 

 

The RTS Environmental Classification scheme (Ympäristöluokitus) was de-

veloped for Finland in 2018. It considers Finnish conditions, legislation, and 

the diversity of the country’s building stock. The RTS Environmental Classi-

fication is based on European standards (CEN TC 350). RTS brings together 

the common best practices in the sector in Finland, such as the Finnish Clas-

sification of Indoor Environment. Currently, 26 buildings have achieved the 

RTS classification. RTS criteria are applied to new construction and reno-

vated projects. [26] 

Acoustics criteria in RTS are based on Class B of the Finnish standard  

Acoustic Classification of Spaces in Buildings (SFS 5907) [27]. Additionally, 

the scheme stipulates an occupant satisfaction rating at least 90% for the 

building acoustic performance. 
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3 Acoustics criteria in green buildings 
 

As mentioned in the previous chapter, many green buildings rating schemes 

have been developed recently; this study focuses on the acoustics criteria of 

LEED and BREEAM as they are considered widespread globally. 

This chapter presents BREEAM and LEED acoustics criteria and com-

pares them with Finnish acoustic regulation Ääniympäristö (YM) of the Min-

istry of the Environment of Finland “ympäristöministeriön ohje rakennuksen 

ääniympäristöstä” [28]. The overview of both BREEAM and LEED in this 

chapter are cited from the manuals [23, 25] .  

 

3.1 Rating schemes meet national regulations 
 

BREEAM and LEED criteria can achieve some of the acoustics credits by 

adopting the national regulation. Standard SFS 5907 [27] is adopted by 

BREEAM and LEED as the source of acoustics criteria in Finland [29]. How-

ever, an updated version of SFS 5907 is currently being written and will be 

published soon. 

YM came into practice in Finland in 2018 (YM has the minimum require-

ments of the building acoustics conditions specified by the Ministry of the 

Environment's decree aiming to avoid human disturbance and increase hu-

man performance in work and educational facilities). However, BREEAM is 

still adopts SFS 5907, despite YM being more recent and has the same air-

borne sound isolation parameter DnTw as BREEAM, while in SFS 5907 still 

uses Rw. 

YM criteria have not been created for green buildings but based on 

BREEM and LEED manuals, achieving its criteria means achieving acoustic 

green buildings criteria. However, YM is not recognized by BREEAM con-

sultants as local legislation for acoustics in Finland, while the SFS 5907 

standard is recognized by BREEAM [29]. 

 

3.1.1 BREEAM 

 

Acoustics criteria in BREEAM are split into two categories: Hea 05 Acoustic 

Performance, a subcategory from the Health and Wellbeing category; and Pol 

05 Deduction of Noise Pollution, is a subcategory of Pollution. 

Hea 05 criteria aim to create buildings with acoustis performance that 

meet their purpose. Up to four credits can be earned for acoustic perfor-

mance. Two credits can be earned for non-residential buildings (one for both 

sound insulation and background noise levels and another point for rever-

beration time) and up to 4 credits for residential buildings. 

A qualified acoustic consultant should be appointed during the early de-

sign of the building to give a consultation and assess the external noise 
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sources affecting the building, site layout and acoustics zoning, acoustics 

treatments, and acoustics requirements for users with special hearing. The 

acoustic consultant must also confirm that the acoustic performance of the 

buildings complies with BREEAM criteria. 

In residential buildings, if more than 5% of the floor area of the building 

comprises non-residential spaces and the goal is to acquire 3 to 4 credits for 

acoustics, the non-residential spaces should meet the acoustics criteria for 

their function. If the non-residential spaces are less than 5% of the floor area 

or the goal is to acquire one credit for acoustics, then only residential spaces 

have to achieve the acoustics criteria. 

Pol 05 criteria aim to reduce the possibility of distribution from fixed noise 

sources near noise-sensitive buildings. One credit can be acquired by achiev-

ing a reduction of noise pollution conditions. 

 

3.1.2 LEED 

 

The acoustics criteria in LEED fall into category of IEQ.  LEED certification 

has a prerequisite for minimum acoustic performance required for schools 

aiming to create classrooms with effective acoustic design. 1-2 credits for 

Acoustic Performance can be acquired by achieving acoustics criteria for all 

types of buildings aiming to create space for living, workspaces and class-

rooms that promote wellbeing, productivity, and communications through 

effective acoustics design.  

Additionally, there is one possible credit to achieve for enhanced acousti-

cal performance – exterior noise control, which aims to reduce the impact of 

environmental noise on the building [30]. 

 

3.2 Background noise (Indoor ambient noise)  
 

Background noise is an essential factor in IEQ. BREEAM technical manual 

has direct background noise level (LAeq,T) criteria. The LEED manual specifies 

LAeq values using the ASHRAE handbook criteria, which include background 

noise levels and Noise Criterion curves (NC).   Background noise level criteria 

values in BREEAM and LEED are alike for many space types. However, YM 

has stricter background noise criteria than BREEAM and LEED. additionally, 

YM has criteria for the maximum sound level LAFmax,T. BREEAM, LEED and 

YM background noise level criteria are presented in Table 2 and Figure 6. 

 

3.2.1 Background noise level basis in BREEAM  

 

In BREEAM, Hea 05 specifies that background noise levels should meet the 

national building regulations or the BREEAM background noise level criteria 

shown in Table 2. To increase the background noise level for the purpose of 
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achieving privacy or the minimum and maximum limit of the background 

level, an artificial sound masking system may be required.  

According to Pol 05 category, the building should achieve conditions with 

no noise-sensitive areas within 800 m radius of the building. If there are such 

areas, then the noise impact assessment has to be caried out in accordance to 

ISO series by an acoustic consultant, assessing the background noise levels 

and the noise levels generated by the new source at the areas of the site that 

are most exposed to noise from the new source. Noise levels in in the areas of 

the site where the new source is loudest shall have a difference, no greater 

than +5 dB during the day (07:00-23:00) and +3 dB at night (23:00-07:00) 

compared to the background noise level. If not, then measures should be con-

sidered to attenuate the noise level. 

 

 

3.2.2 Background noise level basis in LEED 

 

The LEED manual has prerequisite for schools, is that background noise level 

from HVAC installations should not exceed 40 dB in classrooms and other 

learning facilities. In noise-sensitive areas, where peak hours are the same as 

school hours, implementing acoustic measures is important to attenuate 

noise from exterior sources. Also, sound transmission between classrooms 

should be considered. 

For EQ Acoustic Performance credits, background noise levels from 

HVAC installations shall comply with the requirements of  ASHRAE Hand-

book [31], AHRI Standard 885-2008 [32], ANSI Standard S12.60–2010 [33], 

or national buildings regulation. 

The Enhanced Acoustical Performance credit criteria require conducting 

a noise survey for the building site. noise sources shall be located and 

measures taken so that the site noise level does not exceeded Lmax 60 dB and 

Leq 45 dB. The maximum permissible noise level in bedrooms of residential 

project are Lmax 45 dB and Leq 30 dB [30]. 
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Table 2: Maximum background noise criteria in BREEAM, LEED, and YM 
 BREEAM LEED YM 

Space LAeq,T 

(dB) 

LAeq 

(dB) 

LAeq,T 

(dB) 

Single office 40 35 33 

Open office 40-50 45 33 

Meeting, conference room 35-40 35 33 

Teleconference room - 30 - 

Teaching spaces 35 35 33 

Kindergarten teaching spaces - - 28 

Library  40-50 35 - 

Workshops ≤ 55 - - 

Hotel bedrooms 35 35 28 

Residential living area - 30-35* 28 

Residential corridors - - 38 

Residential kitchen and utilities - 40 33 

Patient rooms - 35 28 

Laboratories 40 50-55 - 

Restaurant 40-55 - 38 

Bar 40-45 - - 

Cafe 50 - 38 

Retail 50-55 - - 

Sport halls 55 50-55 38 

Sound studios 30  - 

Concert hall and auditoria  30 25-35 - 

Rest rooms 40 40 - 

Reception and lobbies 40-50 45 - 

Corridors - 45 - 

* LAeq is 35 dB in ASHRAE Handbook. For the enhanced acoustic 

performance for extra credit, the LAeq criteria is 30 dB. 

 

 

 

 

 

 

 



28 

 

 
Figure 6: Maximum background noise criteria in BREEAM, LEED, and YM 

 

3.3 Sound insulation 
 

Green building rating schemes set requirements for sound insulation. How-

ever, airborne sound insulation criteria in both LEED and BREEAM are not 

specified distinctly, except for the clear and direct criterion set for BREEAM 

residential. Each rating scheme has a different parameter and approach for 

deciding airborne sound insulation requirements between various spaces.  

BREEAM uses DnTw, calculated from the privacy index Dw + LAeqT  > 75 dB, 

or Dw + LAeqT > 85 dB for sensitive spaces adjacent to noisy spaces. LEED 

uses Sound Transition Class (STC) criteria that are determined in categories 

according to the space’s privacy level:  private, confidential, multiuse, retail, 

and mechanical room. The space privacy level is specified by the client and 

design team according to the project function. YM has a clear airborne sound 

insulation criteria DnTw between various spaces. YM also has airborne sound 

insulation criteria when there is a door between two spaces. BREEAM, LEED 

and YM airborne sound insulation criteria are presented in Table 3. 

While YM specifies impact sound insulation L’nT,w criteria for various 

spaces, BREEAM has an impact sound insulation L’nT,w criterion only for res-

idential spaces; however, LEED has no impact sound insulation criteria. 

BREEAM and YM impact sound insulation criteria are presented in Table 4. 
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Table 3: Minimum airborne sound insulation criteria in BREEAM, LEED, 

and YM 

 
Spaces BREEAM LEED*** YM 

 DnT,W (dB) STC (dB) DnT,W (dB) 

Between office room and other spaces 36* 45 40 

- Between office room and corridor - 35 30 

Between meeting room and other spaces 41* 50 48 

- Between meeting room and corridor - 40 34 

Between two different offices - 50 52 

Between teaching space and other spaces 41* 45 44 

- Between teaching space and Corridor - 35 34 

Between music teaching space and other 

spaces 

- - 60 

- Between music teaching space and corri-

dor 

- - 44 

Between hotel bedrooms  >50 45 55 

- Between hotel bedrooms and corridors >50 35 39 

Between residential units 48-53** 45 55 

- Between residential and corridors  - 35 39 

- Between residential and retail/ utility 

spaces 

- - 60 

Between patient room and other spaces - 45 55 

- Between treatment room and other spaces   48 

- Between patient room, treatment room and 

corridor 

- 35 34-39 

Between sport spaces and other spaces 30* - 57 

- Between sport spaces and corridors - - 42 

Between mechanical room and other 

spaces 

- 60 60 

- Between mechanical room and corridor - 50  

* BREEAM criteria have been calculated for the privacy index Dw + LAeqT  > 75 dB, as-

suming that Dw + LAeqT = 76 is a minimum criteria and LAeqT is the maximum criterion. 

** Sound insulation criteria influencing the number of awarded credits, 1-4 credits. 

*** STC criteria are estimated by an expert [34], from the LEED technical manual [25]. 
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Table 4: Maximum impact sound insulation criteria in BREEAM and YM, 

LEED has no impact sound insulation criteria. 

 
Spaces BREEAM YM 

 L’nT,w  

(dB) 

L’nT,w + CI, 

(dB) 

Between office building floors - 63 

Between teaching building floors - 63 

- Between noisy teaching space and other 

spaces 

- 49 

Between music teaching space and other 

spaces 

- 46 

Between hotel bedrooms  - 53 

- Between hotel bedrooms and corridors  63 

Between residential units 54-59* 53 

- Between residential and corridors  - 63 

- Between residential and retail/ utility 

spaces 

- 49 

Between health center/hospital floors - 49 

Between patient room/treatment room and 

other spaces 

- 53 

- Between patient room, treatment room and 

corridor 

- 63 

Between sport spaces and other spaces - 46 

* Impact sound insulation influencing the number of awarded credits, 1-4 credits 

 

3.3.1 Sound insulation basis in BREEAM 

 

In BREEAM, sound insulation criteria between acoustically sensitive spaces 

and other spaces should meet the national building regulations. If there is no 

applicable requirement, then the sound insulation should fulfil BREEAM cri-

teria in Table 3 according to the privacy index. 

For residential buildings, airborne and impact sound insulation require-

ments must either meet the improvement of the national regulations as 

shown in Table 5, or meet BREEAM criteria in Table 3 and Table 4. Three 

credits can be acquired in the case of attached multiple dwellings when there 

are joint surfaces between them, such as walls and ceilings. Four credits are 

possible to achieve when there are no adjacent dwellings. 
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Table 5: Airborne and impact sound insulation improvement for national 

regulation or standards. 
 

 

 

 

 

 

 

 

 

 

 

 

 

3.3.2 Sound insulation basis in LEED 

 

According to LEED, spaces should meet sound transmission class (STC) val-

ues shown in Table 3 or Noise Isolation class (NIC) values mentioned in the 

LEED manual. If a sound masking system has been implemented with 40 dB, 

then STC and NIC values can be reduced by 5 dB. This applies to all spaces 

except mechanical rooms. The overall level for sound masking and HVAC 

background noise must set by an acoustic consultant and not exceed LAeq 48 

dB in open offices, corridors, cafes, and libraries, as well as LAeq 48 dB in 

small offices rooms, and LAeq 42 dB in meeting rooms.  

 

3.4 Reverberation time 
 

Both BREEAM and LEED indicate reverberation time criteria distinctly. 

However, BREEAM has specifications/criteria for limited spaces for octave 

bands 500 Hz, 1 kHz, and 2 kHz; the rest of the spaces’ criteria are calculated 

based on their volume and only for 500 Hz octave band. LEED has criteria 

for more space types at the same octave bands. YM has a larger octave band 

range 250Hz, 500 Hz, 1 kHz and 2 kHz. Additionally, YM also considers 

Speech Transmission Index (STI) in the room acoustics criteria.  BREEAM, 

LEED, and YM reverberation time criteria are presented in Table 6 and Fig-

ure 7. The BREEAM reverberation time criteria based on volume and pur-

pose of use, are presented in Table 7. 

 

 
  

Credits Airborne sound insula-

tion (dB) 

Impact sound insulation 

(dB) 

1 3 dB higher than national 

regulations 

3 dB lower than national 

regulations 

3 5 dB higher than national 

regulations 

5 dB lower than national 

regulations 

4 8 dB higher than national 

regulations 

8 dB lower than national 

regulations 
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Table 6: Maximum reverberation time criteria in BREEAM, LEED, and YM 

 
Spaces BREEAM LEED YM 

 Tmf (S)* T (S)** T (S)*** 

Single office - 0,6 0,8 

Open office - 0,8 0,6 

Meeting, conference room - 0,6 0,5-0,7 

Teleconference room 0,8 0,6  

Teaching spaces 0,8-1,0 - 0,5-0,7 

Kindergarten teaching 

spaces 

 - 0,6 

Library 1,0 1 - 

Hotel bedrooms - 0,6 - 

Patient rooms -  0,8 

Laboratories - 0,6-1,0  

Restaurant -  1,2 

Sport halls - 1,5-2,0 1,2 

Sound studios 0,6-1,2 - - 

Corridors - - 1,3 

* Tmf is the average reverberation time at the 500 Hz, 1 kHz and 2 kHz 

octave bands. 

**  LEED reverberation time criteria at the 500 Hz, 1 kHz, and 2 kHz octave 

bands. 

***  YM reverberation time criteria at the 250Hz, 500 Hz, 1 kHz, and 2 kHz 

octave bands. 

 

 

3.4.1 Reverberation time basis in BREEAM 

 

In BREEAM, rooms used for speech, such as conference rooms, or rooms 

used for music, should achieve the reverberation time (T) or absorption area 

criteria in the national building regulations. If there is no national regulation, 

then reverberation times should achieve BREEAM criteria in Table 6 or vol-

ume-dependant BREEAM criteria in Table 7. When a building does not have 

spaces used for speech or music, the reverberation time credit can be given 

by default if the building complies with background noise and sound insula-

tion criteria.  
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Figure 7: Maximum reverberation time criteria in BREEAM, LEED, and YM 

 

 

Table 7: Maximum reverberation time criteria at 500 Hz octave band guide 

for BREEAM in unoccupied spaces for speech and music 

Space Volume Reverberation time T at 500 Hz 

(m3) (s) (s) 

Speech Music 

50 0,4 1,0 

100 0,5 1,1 

200 0,6 1,2 

500 0,7 1,3 

1000 0,9 1,5 

2000 1 1,6 

 

 

3.4.2 Reverberation time basis in LEED 

 

In LEED, it is specified that classrooms and other learning facilities with vol-

ume < 566 m3 should either have sufficient sound absorbing surfaces to com-

ply with the reverberation time criteria in ANSI Standard S12.60–2010 [33] 

or national regulations, or the total surface area of the absorption materials 
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on the walls and ceiling should be equal to or larger than the total ceiling area 

of the room. 

Classrooms and other learning facilities ≥ 566 m3 should fulfil the require-

ments for reverberation times in the NRC-CNRC [35] or national regulations.  

 

3.5 Evidence 
 

Green buildings rating schemes require evidence that buildings fulfil their 

criteria, in BREEAM and LEED confirming the compliance of acoustics cri-

teria is done by performing measurements, calculations and/or with a report 

from an acoustic consultant. 

BREEAM defines room conditions for measurements as well as defining 

source and receiving rooms. Also, BREEAM defines the standards that 

should be followed to measure each acoustic parameter. Sound insulation 

measurements (airborne and impact) should be carried out according to the 

ISO 16283 series [36]. Reverberation time measurement shall be performed 

in accordance to ISO 354:2003 [37].  

BREEAM specify the number of the measurement in residential projects 

for sound insulation is one set (airborne and impact) for every 10 units within 

the same group or sub-group, the number should be rounded to the nearest 

10. For example, if a project has 42 houses and 59 apartments, then 6 sets of 

measurements shall be performed between apartments and 5 sets of meas-

urements in the houses. For office buildings and other types of building, the 

acoustic consultant usually proposed the number and frequency of measure-

ments [29]. 
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4 Acoustic performance in green buildings 
 

Certified green buildings aim to seize building impacts on occupants’ health 

under IEQ criteria, which are mainly indoor air quality, lighting and visual 

comfort, thermal comfort, acoustics, functionality, and aesthetics. Many 

studies have stated that acoustics is somehow disregarded in the building de-

sign stage [38] [39] [40]. 

 

4.1 Acoustics impacts on human health 
 

Acoustics is associated with human health and wellbeing, as it impacts hu-

man stress level, productivity, and motivation, as well as other physical 

health problems, such as cardiac problems and fatigue [41] [42] [43]. Thus, 

acoustics is an essential factor in creating a good indoor environment inside 

buildings.  

In office buildings, one survey by the Center for the Built Environment in 

the University of California reported that 50% of cubicle users face distrac-

tions in their work due to poor acoustics conditions [44]. Occupants’ perfor-

mance can decrease when they are in a noisy and uncomfortable working en-

vironment. Vice versa, it can increase when they are in a suitable working 

environment [45].  

In addition to external noise sources, all kinds of human activities are ac-

companied by noise with varying levels, which might disturb others, depend-

ing on the place of exposure, noise source, activity, and sound pressure level 

[46]. Noise can be disturbing and affect human performance and break con-

centration, irritate, and interfere with speech comprehension, which makes 

it difficult to focus on learning, and have a significant impact on workers’ 

routine and productivity. Moreover, excessive noise exposure in residential 

buildings may disturb sleep and break the sense of privacy inside apartment 

buildings and hotel rooms. Thus, a long noise exposure may impact physical 

health due to the release of stress hormones, cortisol and adrenaline, which 

may raise one’s cholesterol level, consequently leading to a significant heart 

attack risk, etc [46].   

The environmental noise impact on the building should be assessed in the 

early design stage, since it has become a profound issue in Europe. According 

to one study in 2017, it is estimated that over 80 million people throughout 

Europe were exposed to excessive noise levels. Figure 8 shows the number of 

people exposed to excessive noise levels by various noise sources inside ur-

ban areas and outside urban areas within Europe in 2017. The figure shows 

average day-evening-night noise levels (Lden) ≥ 55 dB and night-time noise 

(Lnight) ≥ 50 dB [47].  
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Figure 8: Number of people exposed to excessive noise levels in Europe 

[47] 

 

 

Finland has managed to reduce the number of people exposed to excessive 

noise levels caused by certain sources between 2012 and 2017. This is demon-

strated in Figure 9, which shows the number of people exposed to average 

day-evening-night noise levels (Lden) ≥ 55 dB and night-time noise levels 

(Lnight) ≥ 50 dB in Finland in 2007, 2012, and 2017 [48]. 

 

 
Figure 9: Number of people exposed to excessive noise levels inside urban 

areas from various noise sources in Finland in 2007,2012, and 2017 [48]. 
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4.2 Acoustics problems in green buildings 
 

Green building rating systems mainly consider the acoustic climate inside 

buildings, which is impacted by reverberation time, sound insulation be-

tween spaces, and external walls [49] [50].  It has been reported that many 

buildings have unsatisfactory acoustics performance due to oversight of 

acoustics in the early design stage. The acoustics of green buildings should 

be planned at the early stages of the building design, which is a solid ap-

proach in the green building rating schemes to consider various factors in the 

early design stage [39] [40] [38].  

Apart from global and local issues, sustainability embraces acoustics prob-

lems, such as problems associated with noise prevention. Environmental 

noise affects the quality of residential areas, recreation areas, working areas, 

and other sensitive areas [38]. Some sustainability solutions in the construc-

tion industry need reassessment, such as heavy structures with good sound 

insulation consuming more energy during production than other lightweight 

structures, or buildings and their technical equipment generating noise in the 

environment and buildings internal spaces [38].  

Acoustics performance is considered a crucial factor in building quality; 

sound insulation and noise levels indoors are the primary acoustic assess-

ment criteria for users. Implementing green building strategies in the con-

struction industry may lead to poorer acoustics in green buildings than in 

conventional buildings [38]. The acoustic consultant will be facing many 

challenges in the green building design; thus, acoustics consultancy shall be 

considered in the early stages of building design to alleviate these challenges. 

The typical challenges that might face the acoustic designer in green build-

ings are the as follows: 

 

4.2.1 Noise sources and noise control 

 

Typical noise sources are traffic noise from highways and roads, railways, 

airports, industrial facilities, and installation noise. Noise may likewise be 

emitted to the environment from the building’s function and technical equip-

ment. For example, HVAC units are often located on top of buildings, which 

may affect the occupant of nearby building [38]. 

Green buildings should control internal noise emissions to ensure that the 

specified background noise levels are achieved. Regular increase in noise 

emissions from various sources lead to accumulated noise levels that rise 

above the existing background noise level. During the acoustics design of the 

building spaces, three significant issues should be taken into account to pre-

vent noise issues: 

• Proper sound insulation of external walls  
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• Proper sound insulation between different spaces inside the build-

ing 

• Control of noise from technical equipment. 

Noise generated by technical equipment and installations can be more ir-

ritating than traffic noise through external walls. This includes noise from 

HVAC equipment, electric power supply, lifts, generators, elevators, and 

waste shafts. Additionally, noise radiates from ventilation ducts and media-

carrying pipes, as well as noise generated from sanitary appliances, such as 

showers and toilets [38]. According to Nowoswiat, these noise sources can be 

irritating, particularly when it comes from neighbours [38]. 

 

4.2.2 Natural ventilation  

 

Natural ventilation is a significant strategy in green buildings and could help 

improve occupants’ wellbeing and productivity. Unfortunately, it may con-

flict with external noise control because natural ventilation requires an air 

opening for air ingress, which would also allow noise ingress [51] [43]. Inter-

national standards [31] [52] [53] provide guidelines for indoor background 

noise limits assuming that buildings already have sealed envelopes and air-

conditioning. However, some researchers suggest higher indoor background 

noise levels are acceptable for naturally ventilated buildings [43] [54]. 

When buildings have a passive cooling system (which lacks ventilation and 

air conditioning noise), Field suggests operating masking noise systems that 

can increase the background noise levels. However, this technology is influ-

enced by characteristics of the external noise source [54]. 

 

4.2.3 Room acoustics 

 

The green buildings designer generally emphasizes exposing original build-

ing materials, such as concrete [55]. One of the reasons behind this trend is 

to reduce energy consumption, while controlling heating and cooling inside 

the building to reduce thermal fluctuation and minimize natural resource us-

age. Reducing building finishes, such as carpets, which have a short life cycle 

to prevent their chemical composition influence on the IAQ [43].  

The fewer finishes are used, the better IAQ is awarded. However, fewer 

finishes leads to drastically reduced acoustic absorption in the building, 

which will likely cause acoustics problems, such as high reverberation times 

and poor speech intelligibility [55] . Additionally, using radiant cooling and 

heating systems requires metal and concrete surfaces, resulting in more hard 

reflective surfaces [56]. 

Reverberation time measurements were performed in green buildings’ of-

fice spaces. The results were 0,6-1,0 s in spaces with fewer sound absorbent 

materials, and 0,2-0,4 s in spaces with more sound absorbent materials; the 
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measurement results show how room finishes significantly impact room 

acoustics [57] [43].  

 

4.2.4 Speech privacy 

 

Some post-occupancy surveys recorded a lack of speech privacy for buildings 

occupants. Using underfloor heating and chilled beams can reduce the back-

ground levels and create new problems. For example, a lack of masking noise 

from a traditional ventilation-system may lead to poor speech privacy in 

open-plan offices due to a low background noise level of approximately 25 dB 

[54]. Figure 10 depict speech privacy problems due to sound reflections, and 

with low background noise level, speech would be clearly audible by other 

users [56]. 

 

 
Figure 10: Disturbing reflections in open plan office [56] 

 

4.2.5 Daylight 

 

Green buildings are designed to promote natural lighting to improve the IEQ 

criteria and reduce energy consumed by electrical lighting [43] [58]. Using 

massive glass facades and skylights has recently been an architectural trend 

to utilize glass for natural lighting. Additionally, low partitions, glass parti-

tions, and light shelves are used to spread daylight throughout different 

spaces [43] [55] [58]. Green buildings have large windows, allowing daylight 

to enter the building. The excessive use of glass causes multiple issues, in-

cluding low sound insulation of the external and internal walls, high rever-

beration time due to lack of absorption, and the excessive use of hard sur-

faces; consequently, high reverberation times lead to problems in speech in-

telligibility and reduce speech privacy [55] [56] [59].  
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4.2.6 Sound insulation 

 

Building internal partitions are responsible for controlling the airborne noise 

and impact noise, which are generated in different ways and transmitted 

through various building elements. External walls and building roofs are re-

sponsible for keeping external noise away [46].  

Lightweight and steel structures are commonly used in green buildings; 

they reduce the use of large machinery and they benefit from modern tech-

nologies. However, lightweight structures are usually accompanied by acous-

tics problems, such as thinner walls and floors leading to poor airborne and 

impact sound insulation, as well as low levels of sound insulation due to ex-

cessive use of glass [46]. 

 

4.2.7 Practicalities 

 

Many problems are caused by the misinterpretation of acoustic criteria and 

functions of spaces in architectural drawings. For example, a misinterpreta-

tion can occur when an acoustic consultant and a local green building con-

sultant (from LEED and BREEAM) forwards the project application to a sen-

ior consultant of the green building scheme who is usually located abroad 

[29]. This misconception could be due to cultural differences, different uses 

of spaces, or misinterpreting acoustics criteria. This led to making acoustics 

criteria subjective depending on the senior consultant who makes the final 

assessment. One example of such a misconception is that in Finland, break-

rooms (where workers can have a snack or coffee) are located in open offices 

and do not have isolated space. At the same time, according to BREEAM sen-

ior consultant, breakrooms should be isolated from the open office to fulfil 

BREEAM sound insulation criteria, leading to many cases of losing the 

acoustics credits. However, in one case, the architect avoided losing acoustics 

credit by changing the breakroom name on the architectural drawing to a 

coffee space [60]. 

 BREEAM only recognizes SFS 5907 as a local acoustics standard; this 

makes reporting acoustics criteria difficult for both the acoustic consultant 

and BREEAM local consultant, as the senior consultant is not familiar with 

YM criteria, which are currently used in Finland [29]. 

Achieving acoustics credits is considered costly, especially for existing 

buildings. For example, in BREEAM In-use building certification, it is rare to 

apply for acoustics credits due to their cost [29]. 

 

4.3 Acoustic solutions 
 

As a result of the issues mentioned above in section 4.2, it is necessary to spot 

possible acoustical problems and find solutions for them. Similar to other 
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environmental factors, acoustics performance inside the building can be an-

alyzed in simulation programs clearly in the early stage of the building design 

to avoid poor acoustics performance [7] [34]. Additionally, performing 

acoustics measurements is necessary in the post-occupancy stage to ensure 

compliance with acoustics criteria [54]. Table 8 collects solutions for the 

challenges that acoustic consultants may face in the design of green build-

ings. 

 

Table 8: Collected acoustics solutions 

 

Problem Solutions 

Noise control 
• Performing noise survey and noise calculations in the 

early design stage, determining possible noise leakage 

spots in the external façade and finding solutions for 

them to ensure that noise levels in different spaces of 

building are comply with acoustics criteria for green 

buildings and national regulations [54]. 

• Providing a proper foundation for the noisy and vibrat-
ing equipment, as well as supporting elements, resili-

ent hangers, proper sealants for ventilation ducts, and 

pipe penetrations, etc. to control structure borne noise 

[46] [54]. 

 

Sound insulation 
• Ensuring  that the proper sound insulation are 

achieved for sensitive spaces and spaces that produce 

noise by specifying appropriate building element con-

structions, and considering building element joints 

and penetrations [34]. 

• High-performance windows can be double or triple 
glazed windows filled with gas and have excellent ther-

mal as well as acoustics insulation. Recently, there are 

also new transparent super insulators with the perfor-

mance of triple windows [56] [59]. 

• Designing a airtight building envelope with low air in-
filtration and sealing all penetrations of ducts, pipes, 

and other technical installations to ensure sound insu-

lation criteria are met between various spaces inside 

the building [34]. 

 

Natural ventilation 
• Using trickle ventilators or acoustically lined vents. 

Window trickle ventilators can provide natural ventila-

tion as well as noise attenuation to comply with sound 

insulation and noise level criteria [34].  

• Hybrid ventilation systems, such as windows and slots 

allow the building occupant to decide whether natural 

ventilation with external noise will disturb occupant’s 
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indoor activities; if yes, windows can be closed, and 

mechanical ventilation systems will work automati-

cally [54]. 

• Using a dedicated outdoor air system that offers better 
ventilation control, fewer problems with condensation 

and mold, and improves IEQ [59]. Figure 11 shows how 

the dedicated outdoor air system works; the supply air 

goes through a filter and heating device that functions 

from the thermal energy recovered from the exhaust 

air. The supply air temperature is a few degrees below 

room temperature [61]. 

 

Speech Privacy 
• The overall background noise shall be controlled to 

consider speech intelligibility between workers who 

work together and speech privacy between workers 

who are not working together [34].  

• Speech privacy can be solved by compensating the tra-

ditional ventilation system noise with sound masking 

systems which generate adjustable background noise 

[34]. 

 

Room Acoustics 
• Utilizing suspended mechanical and electrical installa-

tions for sound diffusion, such as ducts, and lighting 

appliances. Also, exposing the structural elements at 

the ceiling level and using them as sound diffusers and 

possibly suspend acoustics absorbers [54] [34]. 

• Using perforated radiant panels, which increase the 

absorption area inside the spaces [56]. 

• Using sustainable acoustics solutions that are recently 

common on the market. 

 

Day light 
• Consider daylight in the early design stage. For exam-

ple, some alternative construction elements should be 

considered, such as translucent wall partitions instead 

of solid walls [54].  

• Using transparent acoustics absorbers that are recently 
available on the market [56]. 

• Using light shelves with acoustics finishing [34]. 
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Figure 11: The dedicated outdoor air system; this system is common in Fin-

land in most residential buildings, as it is considered reliable for buildings 

with airtight envelopes [61] 

 

4.4 IEQ and acoustics comfort 
 

It was acknowledged in the 90s that building occupants’ satisfaction and dis-

satisfaction with their indoor environment are caused by many factors [62]. 

The concept of IEQ (Indoor Environmental Quality) is utilized to measure 

POE satisfaction. IEQ includes four main categories: Indoor air quality, ther-

mal comfort, visual comfort and acoustic comfort [63]. 

Acoustics comfort is one of the most challenging categories to achieve. 

Standards from various countries, such as ANSI [33], NRC-CNRC [35], ISO 

3382-3:2022 [64], and Ääniympäristo (YM) [28] define parameters for 

acoustic comfort evaluation: sound insulation, noise levels, reverberation 

time, spatial decay, and distraction distance are the general acoustics param-

eters used to evaluate acoustics comfort. 

Green building is considering IEQ categories; according to one study [65] 

of 14 green rating schemes, including LEED and BREEAM, the average con-

tribution for air quality, thermal, visual, and acoustics for the overall IEQ 

were 34%, 27%, 22%, and 17% respectively, as shown in Figure 12. The figure 

also shows the overall IEQ categories and the percentages for each category 

for both LEED and BREEAM; the acoustic comfort credits contribute 12% 

and 22% respectively towards the total IEQ credits. 
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Figure 12: Overall IEQ parameters for BREEAM, LEED, and the average of 

14 rating schemes. [65] 

 

Acoustics comfort is not considered in green building design as thoroughly 

as other IEQ categories. In fact, acoustic comfort is an essential characteristic 

in buildings, specifically in office buildings, due to their sensitive nature with 

respect to acoustics. For example, offices have recently been designed mainly 

as open-plan offices [38].  

One study focusing on IEQ perception and acoustics comfort suggested 

that acoustic comfort in office spaces is influenced by acoustics parameters 

mentioned in the standards [28] [33] [64], as well as many other variables, 

such as personal variables and contextual variables [6]. Table 9 and Table 10 

demonstrate both the personal and contextual variables in different catego-

ries that impact acoustic comfort. For example, contextual categories include 

occupant control of building automation, which is very popular in green 

smart buildings to automate HVAC and lighting systems, and work charac-

teristics such as work task and duration of working hours influence the 

acoustics comfort. Additionally, personal variables also influence acoustics 

comfort, such as occupant age, workplace location, worker position and ten-

ure at work, social status, etc. 
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Table 9: Personal variables that impact acoustic comfort parameters [6] 

Category Variable 

Physiological Age 

 Context of growth 

Location Country of residence 

 Interaction with others 

 Social conditions 

Social status Personal culture 

 Lifestyle 

 Tenure (number of years in the  

workplace building) 

Work-related variables Hours per week spent in the  

workplace   

 Position in the organization 

 
 

Table 10: Contextual variables that impact acoustics comfort parameters [6] 

Category Variable 

Building characteristics Building typology 

 Office type 

Office characteristics Office layout 

 Workspace location 

 Proximity to a window 

 Privacy 

Work characteristics Work task 

 Occupancy hours 

 Building automation 

Occupants’ control on building  

systems and environment 

Ease of use and knowledge of how  

to operate building systems 

 Noise management 
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4.5 Post Occupancy Evaluation (POE) surveys 
 

Green buildings aim to seize building impacts on occupants’ health and that 

is evaluated using IEQ criteria. IEQ has been investigated for several decades 

using POE surveys. Office buildings were specifically investigated more than 

other buildings as they highly influence employee production [6]. Some stud-

ies have investigated IEQ using the same method but called it question-

naire  [66] or occupant satisfaction [67]. POE is essential in building in order 

to identify any deficiency in IEQ performance inside the building and im-

prove occupants’ wellness.  

It is worth mentioning that one credit can be acquired in BREEAM for 

performing POE as a part of Man 05 Aftercare, a Management subcategory. 

An independent party shall conduct the POE survey after one year of building 

occupation.  

There is a debate about green buildings, as to whether they provide a high 

level of wellbeing and satisfaction for their occupants; specifically, acoustics 

performance is controversial due to green buildings’ nature. POE surveys 

conducted by Montazami [68] showed that BREEAM green buildings have 

better acoustics comfort, especially when considering acoustics in the early 

design stage. Conversely, Altomonte survey [67] showed a lower level of 

acoustics comfort in BREEAM green buildings compared with conventional 

buildings. Additionally, other POE surveys [67, 69, 70, 71, 58] reported that 

acoustics comfort is not improved or barely improved in green buildings.  

Newsham [72] has supported the conclusion that acoustics comfort in 

conventional and green buildings are approximately the same by conducting 

a POE survey supported with on-site measurements for IEQ categories (in-

door air quality, thermal comfort, visual comfort and acoustic comfort) for 

LEED green buildings and conventional buildings in the USA and Canada. It 

was observed that the background noise levels in green building offices are 

lower than in conventional buildings. Nevertheless, speech privacy results 

were almost the same in both building types. 
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5 Post occupancy evaluation in Finland 
 

A POE survey regarding the acoustics comfort of office users has been per-

formed in selected green-certified office buildings (BREEAM and LEED) and 

conventional office buildings in Finland. Additionally, acoustics measure-

ments data has been collected from the same buildings to determine whether 

the buildings achieve the applicable acoustics criteria.  The goal was to inves-

tigate the acoustics comfort of different types of green and conventional 

buildings. 

 

5.1 Building samples 
 

After studying green buildings and the acoustics criteria in LEED and 

BREEAM buildings, the scope of this study is to investigate acoustics comfort 

in five different buildings categories: 

• BREEAM-certified buildings that have acoustics credits (BREEAM-

AKU) 

• BREEAM-certified buildings that have no acoustics credits (BREEAM-

NO) 

• LEED-certified buildings that have acoustics credits (LEED-AKU) 

• LEED-certified buildings that have no acoustics credits (LEED-NO) 

• Conventional Buildings, buildings with no green certification (CB) 

 

Two buildings have been selected for each category to perform the survey, 

except for LEED-NO; one building has been investigated due the challenges 

that are explained in section 5.2 below. Table 11 presents more information 

about the buildings. 

Table 11: Building samples 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Building code Certification 

type 

Building year 

BREEAM-AKU-1 Excellent 2018 

BREEAM-AKU-2 Excellent 2020 

BREEAM-NO-1 Very good / Ex-

cellent 

2019 

BREEAM-NO-2 Very good 2000 

LEED-AKU-1 Gold 2018 

LEED-AKU-2 Gold 2018 

LEED-NO-1 Gold  

CB-1 - 2000 

CB-2 - 1980 
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5.2 Survey 
 

The survey has been designed so that it takes approximately 3 minutes to 

answer, by responding to multiple choice questions and considering people 

from different backgrounds. The survey has 18 questions, including one 

open-ended question. The goal is to investigate employees' acoustics comfort 

and understand their workstation conditions. The questions about acoustics 

comfort are derived from previous research [72, 66], in addition to the input 

from the researcher. Some questions were included in the survey to examine 

personal and contextual variables' influence on acoustics comfort, as Fasano 

proposed [6]. The rating scale for the acoustics comfort questions was based 

on their level of satisfaction, as follows: 

 
Very dissatisfied Dissatisfied Neutral Satisfied Very satisfied 

 

The survey was created using Webropol in English and Finnish. The sur-

vey was published with a summary of the research by sending a survey link 

from the organizations to their employees via email, publishing the link on 

the organization's intranet webpage, or sharing the link via a Microsoft 

Teams channel. For building BREEAM-AKU-1, the responses have been col-

lected at the building’s reception in paper form or via a QR-code link to the 

survey. See the survey in appendix B. 

Performing the survey for the previously mentioned building categories 

presented many challenges, including: 

• Difficulties in obtaining permission to access buildings to perform acous-

tical measurements. 

• Limited choices of buildings, as the survey was performed only in the 

buildings that already have acoustical measurements data performed by 

Akukon Ltd for the reason mentioned above. 

• Difficulties in obtaining permission to perform or publish the survey link. 

• Time-delays, because some building operators decided not to perform 

the survey after accepting it. 

• Difficulties in finding the right contacts that could publish the survey 

link. 

 

5.3 Responses 
 

The total number of responses to the survey was 297, including 125 responses 

who answered the open-ended comment question and commented about the 

acoustics conditions of their office spaces or the building’s other spaces. Ta-

ble 12 presents the number of responses for each building. 
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Table 12: Number of survey responses for each building 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

5.4 Acoustics measurements  
 

The majority of the acoustics measurements of  the background noise level 

(LAeq), reverberation time (T), and sound insulation of each office space have 

been performed by Akukon Ltd. in the buildings between 2016-2021 accord-

ing to the applicable standards [73, 74, 64]. Acoustics measurements for 

LEED-AKU-2 were performed by another organization. Measurement data 

for each building have been collected (except CB-2 does not have any acous-

tics measurement data ). Measurement results were analysed for meeting 

rooms and open offices. Acoustics measurements results of the meeting 

rooms and open offices were averaged for each building category. Table 13 

shows background noise level, reverberation time, and sound insulation 

measurement results for each building category. 

 

 

 

 

 

 

 

 

 

 

 

Building code Number of re-

sponses 

BREEAM-AKU-1 35 

BREEAM-AKU-2 35 

BREEAM-NO-1 53 

BREEAM-NO-2 33 

LEED-AKU-1 26 

LEED-AKU-2 24 

LEED-NO-1 18 

CB-1 56 

CB-2 17 
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Table 13: Acoustics measurement results for background noise level, rever-

beration time, and sound insulation for each building category. The results 

marked in green fulfil their criteria, the results marked in yellow do not fulfil 

their criteria. 

 
 

 

 

Building 

Category 

Background noise 

level (LAeq) 

dB 

Reverberation Time 

(T) 

s 

Sound insulation 

 

dB 

Meeting 

room 

Open  

office 

Meeting 

room 

Open  

office 

Between 

meeting 

rooms 

Between 

meeting 

room to  

corridor 

BREEAM-AKU 32 28 0,3 0,8 53 37 

BREEAM-NO 35 28 0,6 0,4 55 38 

LEED-AKU 28 33 0,7 0,7 44 37 

LEED-NO 40 - 0,3 - 42 34 

CB 35 - 0,4 - 44 - 
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6 Survey results and analysis 
 

The survey responses were analysed using Webropol analysis tools as well as 

Microsoft office Excel. The responses to questions 10-15 were analysed as 

these questions relate to occupants’ satisfaction with their acoustic environ-

ment.  

 

6.1 Green buildings vs. conventional buildings  
 

In this analysis, the survey responses have been used to compare acoustics 

comfort in green and conventional buildings in three different ways. The 

complete sets of the results are found in appendix C. 

The first thing to notice from this analysis is that most of the users of all 

buildings categories are satisfied or very satisfied with levels of noise from 

external sources as shown in Figure 13. Additionally, most of the building 

users are dissatisfied, or very dissatisfied with speech privacy for all buildings 

categories, as shown in Figure 14. 

 

 
Figure 13: The outdoor noise satisfaction level for categories of the build-

ings. 

 

The first comparison demonstrates the occupants’ responses of the acous-

tics satisfaction for the five main building categories. The results of this com-

parison reveal that satisfaction level varies between questions within each 

category of building, occupants didn't consistently respond the same way. 

For example, Figure 15 illustrates that users of BREEAM-NO buildings are 

more satisfied with background noise levels compared to other building cat-

egories. By contrast, for acoustics quality and overall acoustics comfort in 
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Figure 16 and Figure 17, LEED-NO buildings users reported higher levels of 

satisfaction compared to other building categories.  

 

 
Figure 14: Speech privacy satisfaction level for categories of the buildings. 

 

 

 
Figure 15: Background noise level satisfaction for different building catego-

ries (first comparison); the figure illustrates that users of BREEAM-NO build-

ings are more satisfied with background noise levels compared with other 

building categories. 
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Figure 16: Acoustics quality satisfaction for different building categories (first 

comparison); LEED-NO buildings users reported a higher level of satisfaction 

than users of buildings in other categories. 

 

 

 
Figure 17: Overall acoustics comfort satisfaction for different building cate-

gories (first comparison); LEED-NO buildings users reported a higher level 

of satisfaction than users of buildings in other categories. 
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The second comparison categorised buildings in three building types: con-

ventional buildings, green buildings with no acoustics credits (Green-NO) for 

both BREEAM-NO and LEED-NO, and green buildings with acoustics credits 

(Green-AKU) for both BREEAM-AKU and LEED-AKU. Figure 18 demon-

strates that conventional buildings users’ overall satisfaction with speech 

noise is 40%, which is higher than green buildings, regardless of whether the 

buildings have acoustic credits (28%) or not (33%). Likewise, for overall dis-

satisfaction, conventional buildings acquired a score of 24%, while green 

buildings with no acoustics credits acquired a score of 39% and with acoustics 

credits 41%.  

Office building users reported a high level of dissatisfaction with acoustics 

privacy for all building types. As demonstrated in Figure 19, over 66% of all 

buildings categories are dissatisfied or very dissatisfied. 

 

 

 
Figure 18: The amount of noise from people's conversations according to the 

second comparison, buildings’ users overall satisfaction with speech noise is 

40%, which is higher than green buildings regardless of whether the buildings 

have acoustic credits (28%) or not (33%). 
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Figure 19: Acoustics privacy according to the second comparison, over 66% 

of users in each category are dissatisfied or very dissatisfied. 

 

The third comparison was also between three building ctaegories: conven-

tional buildings, all BREEAM-certified buildings (includes both BREEAM-

AKU and BREEAM-NO) and all LEED-certified buildings (includes both 

LEED-AKU and LEED-NO). The results of this comparison demonstrate the 

overall acoustics comfort in Figure 20, 22% of conventional buildings users 

are dissatisfied or very dissatisfied. On the other hand, 30% and 36% of 

BREEAM and LEED building users respectively are dissatisfied or very dis-

satisfied with overall acoustics comfort. However, Figure 21 demonstrates 

that overall level of satisfaction with background noise in conventional build-

ings is at 60%, lower than for BREEAM and LEED buildings, both of which 

were rated as satisfactory in this respect by 62% of their users. 

 



56 

 

 
Figure 20: Overall acoustics comfort according to the third comparison, con-

ventional buildings’ users are more satisfied than BREEAM and LEED build-

ings’ users with overall acoustics comfort. 

 

 
Figure 21: Background noise level satisfaction according to the third compar-

ison, the level of satisfaction with background noise levels in conventional 

buildings is 60%, lower than in BREEAM and LEED buildings, both are 62%. 
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The analysis of responses to survey questions about acoustics comfort 

based on building categories demonstrate that users’ satisfaction with acous-

tics comfort varies among building category, regardless of whether the build-

ing is green or conventional and its acquiring of acoustics credits or not. Also, 

no consistency in users responses within same building category. 

The findings are directly in line with previous findings by Newsham [72] 

that the acoustics comfort of offices in conventional and LEED-certified 

buildings in the US and Canada are approximately the same. The results lead 

to a similar conclusion of Newsham [72], which is that background noise lev-

els are slightly better in LEED- green buildings than conventional buildings. 

As shown in Figure 21, 60% of conventional buildings users are satisfied or 

very satisfied with the background noise level. In comparison, 62% of build-

ings’ users are satisfied with noise levels in BREEAM and LEED buildings. 

The survey results for speech privacy contradict the claim of Newsham [72] 

that speech privacy is almost the same in both green and conventional build-

ings. This research indicates that acoustics privacy in conventional buildings 

has a higher level of dissatisfaction than acoustics privacy in green buildings, 

as shown in Figure 19. However, none of the investigated LEED-certified 

buildings in Newsham research have any acoustics credits, as the research 

was conducted in 2012; the LEED acoustics credits were added to LEED V4 

manual in 2014 [67, 72]. The survey results also contradict with Montazami’s  

claims [68] that BREEAM green buildings have better acoustics comfort. 

 

6.2  Personal and contextual variables 
 

The survey included questions about building users' background (questions 

1-3) and contextual variables (questions 4-9 and 16) to investigate Fasano’s 

suggestion [6] that personal and contextual variables have influence on 

acoustics comfort. This analysis combines responses for all building types 

and analyses them according to personal and contextual variables. The anal-

ysis results found that age and educational background somewhat impact 

how building users perceive acoustics comfort. Figure 22 shows that 67% of 

the age group 18-29 years are satisfied or very satisfied with overall acoustics 

comfort; accordingly, the youngest group is more satisfied than the other age 

groups. Similarly, users with Ph.D. degrees are more satisfied with overall 

acoustics than users with master's, bachelor, and secondary school degrees, 

as demonstrated in Figure 23. 

A further novel finding is that gender significantly influences acoustics 

comfort; all survey questions’ responses showed that male users are more 

satisfied than female users. Figure 24 demonstrates that 75% of male users 

are satisfied or very satisfied with background noise; on the other hand, only 

53% of female users are satisfied or very satisfied with background noise. 

Analogously, Figure 25 shows that male users are more satisfied with overall 

acoustics comfort. 
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Figure 22: Age influence on overall acoustics comfort; the age group 18-29 

years are more satisfied than other age groups with overall acoustics com-

fort. 

 

 

 
Figure 23: Educational background influence on overall acoustics comfort; 

users with Ph.D. degrees are more satisfied with overall acoustics than users 

with other types of degrees. 
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Figure 24: Gender influences the level of satisfaction with background noise. 

Male users are more satisfied with background noise than female users. 

 

 
Figure 25: Gender influence on overall acoustics comfort. Female users are 

more dissatisfied with overall acoustics comfort than male users. 

 

The results of the analysis of contextual variables indicates that the em-

ployment contract period does not influence acoustics comfort. However, the 

analysis found that building tenure (period of using the office premises) in-

fluences acoustics comfort; Figure 26 demonstrates that 71% of users with 

three months of tenure are satisfied or very satisfied with overall acoustics 

comfort. Likewise, 73% of users 3-6 month tenures are satisfied or very sat-

isfied; longer tenure periods have less satisfaction and higher dissatisfaction 

rates. 
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Figure 26: Building tenure influence on the overall acoustics comfort; shorter 

tenure periods have higher satisfaction rates. 

 

Analysing the survey results according to user occupancy duration per 

week shows that users who work in the office frequently are more satisfied 

than those who work less frequently in the office.  Figure 27 demonstrates 

that 93% of users who rarely attend the office are dissatisfied or very dissat-

isfied with acoustics privacy, while other users who work in the office more 

often have lower dissatisfaction rates for acoustics privacy. 

 

 
Figure 27: The influence of occupancy duration per week on the acoustics 

privacy; users who rarely attend the office have higher dissatisfaction rates 

than other users for acoustics privacy. 
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Figure 27 clearly indicates that users who are not satisfied with the office’s 

acoustics conditions do not work there very often. Similarly, users who work 

in the office more often might be acclimatized to the office’s acoustic condi-

tions and sounds that disturb less frequent users, might not be noticed by 

frequent users. 

Contextual variables related to workstation conditions such as office space 

type also have an influence on users’ satisfaction with acoustics comfort. Fig-

ure 28 demonstrates that 65% of the buildings’ users who have their own 

room in the office are satisfied or very satisfied with acoustics quality, 53% of 

the users who share a room are satisfied or very satisfied. However, only 33% 

of the users in an open office are satisfied with the acoustics quality. Also, 

Figure 29 demonstrates that users with designated working desks are more 

satisfied with acoustics quality than those who lack designated desks. 

 

 

 
Figure 28: Office space type influence on perceived acoustics quality; users 

who have their own room in the office are more satisfied with acoustics qual-

ity. 
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Figure 29: The influence of having ones own designated desk on perceived 

acoustics quality, users with designated working desks are more satisfied 

with acoustics quality than those who lack designated desks. 

 

The survey results indicates that visual privacy has a significant influence 

on acoustics comfort. Survey responses to the question about acoustics com-

fort demonstrate that users who are pleased with their visual privacy are sat-

isfied with acoustics comfort. For example, Figure 30 features high peaks for 

acoustics dissatisfaction when users are not pleased with visual privacy. Also, 

Figure 31 features high peaks for overall acoustics satisfaction for the users 

who are pleased with their visual privacy. 

 

 
Figure 30: The influence of visual privacy on acoustics privacy, high peaks 

for dissatisfaction with acoustics when users are not pleased with visual pri-

vacy. 
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Figure 31: The influence of visual privacy on overall acoustics comfort; high 

peaks for satisfaction with overall acoustics comfort for the users who are 

pleased with their visual privacy 

 

The data from this analysis contributes a clearer understanding of contex-

tual and personal variables’ impact on acoustics comfort. Contextual and per-

sonal variables may be used to better assess acoustic conditions and acoustic 

comfort in relation to occupants’ satisfaction.  

 

 

6.3 Open-ended question 
 

The survey included an open-ended question for further observations about 

the acoustics comfort in the respondent’s own workplaces. 124 responses out 

of 297 commented about the acoustics performance. Comments have been 

collected, analysed, and categorized according to the common acoustic chal-

lenges listed in the previous chapter, 4.2, to determine how they affect build-

ings in each of the survey's five main categories. This shown in Figure 32.  

Users reported issues with sound insulation in meeting rooms and phone 

booths. Noise control issues included noise from ventilation equipment, and 

a few building users reported hearing plant noise as their workstations are 

adjacent to plant rooms. The speech privacy issues reported frequently was 

that remote virtual meetings or phone calls in the open office could disturb 

other open office users and lack acoustics privacy in an open office. Also, 

room acoustics issues were reported, such as poor acoustics conditions in a 

double volume space in an open office that is open to another office floor. 

Also, office users reported that sound travels from one end to another, caus-

ing a disturbance. Moreover, users of some buildings reported acoustic prob-

lems in the lobby or restaurant. 
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Other issues reported that are not listed among the common acoustic chal-

lenges in section 4.2 (other acoustics problems) include a lack of meeting 

rooms or phone booths, hearing door beeps, or sound from other devices. 

Additionally, buildings have various zone types, such as quiet and non-quiet 

zones (speech zones). However, many office users reportedly do not follow 

offices’ zone rules. Also, impact sound issues, such as hearing loud footsteps 

in the office were reported. It is worth mentioning that few users reported 

that they are satisfied with their office acoustics. 

 

 
Figure 32: The common issues reported in responses to the open-ended 

question (sound insulation, noise control, speech privacy, rooms acoustics, 

and restaurant acoustics issues among these listed in section 4.2) 

 

The previous figure indicates that the most reported issues for all building 

types were related to speech privacy issues followed by room acoustics issues. 

Similar results were reported for dissatisfaction with speech privacy, as 

demonstrated in Figure 14. 

 

6.4 Remote work 
 

The survey considered the change in working culture in the last two years as 

a result of the COVID-19 pandemic; thus, the survey included a question 

about users' acoustics comfort in their remote working place. 282 of the re-

sponses of all the buildings answered this question. According to the survey 

results, 66% of the respondents are satisfied or very satisfied with the acous-

tics comfort in their remote working place, whereas, only 45% of respondents 
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are satisfied or very satisfied with the acoustics comfort of their office; see 

Figure 33.  

Additionally, building users reported in the open-ended question that 

working from home is quieter than the office, and they have better acoustics 

privacy. However, users reported disturbing noise nearby construction sites 

when working from home. 

 

 
Figure 33: Remote working versus office working rates of satisfaction with 

acoustics comfort 

 

 

6.5 Acoustics measurements vs. survey results 
 

The goal of collecting acoustics measurement data was to investigate whether 

certified green buildings fulfil their acoustic criteria and whether measure-

ment results correlate with the survey results.  

The survey includes one question about satisfaction with background 

noise. The levels of satisfaction used to answer the questions were trans-

formed , as shown in Table 14. The satisfaction level was multiplied by the 

percentage of the corresponding answers in Figure 15 for each building cate-

gory. The results of this operation shown in Table 15. For example, in con-

ventional buildings, 22% of users are very satisfied. So 22% multiplied by 2 

resulted in 0,44. The summation of each category's satisfaction creates an 

average satisfaction rate. For example, the summation of satisfaction levels 

for conventional buildings is 0,7. 

 

Table 14: Satisfaction level scale transformed to numbers 

Very dissatisfied Dissatisfied Neutral Satisfied Very satisfied 

-2 -1 0 1 2 
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Table 15: The results of multiplying each building category’s responses’ per-

centages by satisfaction scale. The shaded value refers to the average sat-

isfaction rate of each building category. 

Satisfaction 

scale 
CB 

BREAAM- 

AKU 

BREEAM-

NO 
LEED-AKU LEED-NO 

-2 -0,03 -0,03 0,00 0,00 0,00 

-1 -0,12 -0,09 -0,06 -0,12 -0,17 

0 0,00 0,00 0,00 0,00 0,00 

1 0,38 0,27 0,48 0,34 0,44 

2 0,44 0,46 0,47 0,60 0,22 

 0,7 0,6 0,9 0,8 0,5 

 

 

The satisfaction rate for background noise level of each building category 

was compared to the measurements results, as shown in Figure 34 for open 

office spaces, and meeting rooms in Figure 35. The finding is that acoustics 

measurements do not correlate with the survey results. 

 

 
Figure 34: Measured background noise level m (in blue) and acoustics sat-

isfaction rating (in yellow) for open office sapces in BREEAM-AKU, 

BREEAM-NO, and LEED-AKU buildings. The blue dashed lines refer to the 

acoustic criteria of BREEAM, LEED, and YM.  
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Figure 35: Measured background noise level (in blue) and acoustics satis-

faction rating (in yellow) for meeting rooms in each building categories. The 

blue dashed lines refer to acoustic criteria of BREEAM, LEED, and YM.  
. 

 

 



68 

 

7 Conclusions 
 

Green buildings are designed, constructed, and operated with mininal im-

pacts on the environment and building occupants. Green buildings are certi-

fied using green building rating schemes. These schemes are introduced by 

authorities and organizations to reduce the consumption of natural resources 

and minimize environmental impacts.  

In this thesis, a POE survey was detailed regarding acoustics comfort in -

green-certified and conventional office buildings to investigate the acoustics 

performance of green-certified buildings (for the popular grading schemes, 

BREEAM and LEED) in Finland and compare them with conventional build-

ings. The survey answers about acoustics conditions were applied to different 

building categories to evaluate acoustics comfort. The results demonstrated 

that users’ satisfaction with acoustics comfort fluctuated within building cat-

egories and questions regardless of the building being either green or con-

ventional (within one building category, occupants did not consistently re-

spond the same way; hence no robust pattern or correlation was revealed). 

This corresponds to previous studies’ claims [67, 69, 70, 71, 72, 58] that 

acoustics comfort in green and conventional buildings are approximately the 

same. However, previous studies did not consider if the buildings investi-

gated had acquired acoustics credits, whereas this thesis considered acous-

tics credits when investigating green buildings. 

Implementing green building strategies may lead to poor acoustics in 

green buildings; the acoustics consultant may face many challenges in the 

green building’s design, including outdoor noise sources, noise control inside 

the building, daylight, natural ventilation, room acoustics problems, sound 

insulation, speech privacy, and practical problems related to the certification 

process. The survey results indicated that green and conventional building 

users have a high level of satisfaction with noise from external sources in Fin-

land; this could be because many buildings in Finland are designed airtight 

without natural ventilation, to preserve heat inside the building [10]. Addi-

tionally, survey results (for a question about speech privacy and open-ended 

question) demonstrated a high level of dissatisfaction with speech privacy in 

all building types. Moreover, survey responses reported complaints concern-

ing room acoustics, sound insulation between rooms, and noise control is-

sues. 

This research suggested that personal and contextual variables influence 

users’ acoustic comfort. Age, educational background, weekly occupancy pe-

riod, type of workspace, and having one’s own designated workstation impact 

users’ acoustics comfort. The research also found that male users are signifi-

cantly more satisfied with the acoustics comfort than female users. Addition-

ally, the research indicated a direct connection between visual privacy and 

acoustics comfort: users who are pleased with visual privacy are more satis-

fied with the acoustics comfort. 
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The data contribute to a clear understanding of contextual and personal 

variables; contextual and personal variables may be used together with 

acoustics parameters to better assess acoustic indoor conditions and acoustic 

comfort in relation to occupants’ satisfaction. This thesis shows that 

BREEAM and LEED manuals as well as local regulations, such as YM, define 

only parameter values which specify a minimum performance level and ig-

nore other aspects impacting acoustics comfort. 

A further finding of this study is that acoustics measurements results do 

not correlate with survey results. Accordingly, it demonstrates that there are 

other considerations when evaluating acoustics performance in office build-

ings as well as the criteria for acoustics parameters specified by authorities 

or organizations. 

Other considerations include personal and contextual variables, which 

shall be considered to achieve the best acoustics comfort for building users. 

This can be applied that designers need to consider office layout, workstation 

conditions, visual privacy, and working culture, which may affect acoustics 

comfort and acoustics conditions when complying with BREEAM and LEED 

criteria. 

This study also found that the majority of survey respondents are satisfied 

with the acoustics comfort at their remote workplace. 

Research limitations for this thesis include sampling issues, such as an in-

adequate sample, as two buildings are insufficient for each building category, 

and the LEED-NO category has only one building. Another limitation is the 

lack of survey responses, as some building samples had less than 20 re-

sponses. The survey did not necessarily cover the users of the entire build-

ings, as some of the buildings were occupied by multiple organizations and 

only a few organizations agreed to respond to the survey, but each organiza-

tion is likely to have different acoustics conditions in their office. Moreover, 

acoustics measurements were not necessarily performed in the same office 

(floor) where survey was performed. 

Recommendations for future studies are to consider a larger sample of 

buildings and ensure that the POE survey is conducted in the same space 

where it is possible to perform acoustics measurements. Additionally, inves-

tigating the rest of the contextual and personal variables and compare this 

thesis results with similar studies from other countries to examine if personal 

and contextual variables impact acoustics differently in other countries and 

cultures. Another recommendation is conducting a POE survey for acoustics 

comfort in green residential buildings. A further study recommendation is to 

examine acoustics comfort in remote working spaces. 
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 BREEAM and LEED categories 
 

Table 16: BREEAM categories and sub-categories 

 
Category Credits 

Management (Man) 21 

Project brief and design 4 

Life cycle cost and service life planning  4 

Responsible construction practices 6 

Commissioning and handover 4 

Aftercare 3 

Health and wellbeing (Hea) 25 

Visual comfort 6 

Indoor air quality 5 

Safe containment in laboratories 2 

Thermal comfort 3 

Acoustic performance 4 

Accessibility 2 

Hazards 1 

Private spaces 1 

Water quality 1 

Energy (Ene) 35 

Reduction of energy use and carbon emissions 15 

Energy monitoring x 2 

External lighting  1 

Low carbon design 3 

Energy efficient cold storages 3 

Energy efficient transport systems  3 

Energy efficient laboratory systems 5 

Energy efficient equipment 2 

Drying space 1 

Transport (Tra) 13 

Public transport accessibility 5 

Proximity to amenities 2 

alternative modes of transport x 2 

Maximum car parking capacity 2 

Travel plan 1 

home office 
1 

 

Water (Wat) 9 

Water consumption 5 

Water monitoring 1 

Water leak detection and prevention 3 

Water efficient equipment 1 

Materials (Mat) 12 

Life cycle impacts 6 

Hard landscaping and boundary protection 0 
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Responsible sourcing of construction products 4 

Insulation 0 

Designing of durability and resilience 1 

Material efficiency  1 

Waste (Wst) 9 

Construction waste management 3 

Recycled aggregates 1 

Operational waste  2 

Speculative finishes 1 

Adaption to climate change 1 

Functional adaptability 1 

Land use and ecology (LE) 10 

Site selection 3 

Ecological values of site and protection of ecologi-

cal features 
2 

Minimising impact on existing site ecology 0 

Enhancing site ecology 3 

Long term impact biodiversity 2 

Pollution (Pol) 13 

Impact refringent 4 

No emissions 2 

surface water run-off 5 

Reduction of night-time light pollution 1 

Reduction of noise pollution  1 

Innovation (Inn) 10 

 

 

 

Table 17: LEED categories and sub-categories 

 
Category Credits 

Integrative Process 1 

Location and Transportation 16 

Sensitive Land Protection 1 

High Priority Site 2 

Surrounding Density and Diverse Uses 5 

Access to Quality Transit 5 

Bicycle Facilities 1 

Reduced Parking Footprint 1 

Electric Vehicles 1 

Water Efficiency 11 

Outdoor Water Use Reduction Required 

Indoor Water Use Reduction Required 

Building-Level Water Metering Required 

Outdoor Water Use Reduction 2 

Indoor Water Use Reduction 6 

Cooling Tower and Process Water Use 2 
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Water Metering 1 

Energy and atmosphere 33 

Fundamental Commissioning and Verification Required 

Minimum Energy Performance Required 

Building-Level Energy Metering  Required 

Fundamental Refrigerant Management  Required 

Enhanced Commissioning 6 

Optimize Energy Performance 18 

Advanced Energy Metering 1 

Grid harmonization 2 

Renewable Energy 5 

Enhanced Refrigerant Management 1 

 

  

Sustainable Sites 10 

Construction Activity: Pollution Prevention Required 

Site Assessment 1 

Site Development - Protect or Restore Habitat 2 

Open Space 1 

Rainwater Management 3 

Heat Island Reduction 2 

Light Pollution Reduction 1 

Materials & Resources 13 

Storage & Collection of Recyclables Required 

Construction & Demolition Waste Management 

Planning Required 

Building Life-Cycle Impact Reduction 5 

Environmental Product Declarations 2 

Sourcing of Raw Materials 2 

Material Ingredients 2 

Construction & Demolition Waste Management 2 

Indoor Environmental Quality 16 

Minimum IAQ Performance Required 

Environmental Tobacco Smoke (ETS) Control Required 

Enhanced Indoor Air Quality Strategies 2 

Low-Emitting Materials 3 

Construction Indoor Air Quality Management 1 

Indoor Air Quality Assessment 2 

Thermal Comfort 1 

Interior Lighting 2 

Daylight 3 

Quality Views 1 

Acoustic Performance 1 

Regional Priority 4 

Innovation and design Process 6 
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 Survey templates 
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 Answers for acoustics comfort questions  
 

First Comparison results: CB vs. BREEAM-AKU vs. BREEAM-NO vs. LEED-

AKU vs. LEED-NO 
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Second comparison results: CB vs. Green-NO vs. Green-AKU 
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Third Comparison results: CB vs. BREEAM vs. LEED 
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