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Indoor environmental quality (IEQ) has an important impact on health and well-
being of building users. In order to maintain an acceptable IEQ, policies, strate-
gies and guidelines on achieving the required IEQ have been developed. Control
and evaluation of indoor air factors is needed for ensuring the sufficient air qual-
ity. Impact of emmisions from building materials, furnishings and HVAC systems
to indoor air quality should be included in the assessment of indoor environmental
quality. In many systems for sustainability assessment of buildings is put a great
emphasis on indoor environmental quality. This paper provides an overview
of sustainability assessment systems for rating of indoor environmental quality.
The criteria included in LEED, BREEAM and other well known systems for as-
sessment of indoor environmental quality are presented. Building environmental
assessment system (BEAS) developed for application in Slovakia is also intro-
duced. Worldwide used rating systems were based on the development of BEAS.
This is multi-criteria system contained six main fields such as site selection and
project planning; building construction; indoor environment; energy performance;
water and waste management. System consist from 53 indicators of assessment.
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1. Introduction

According to study [1], the concentration of indoor air pollutants varies
significantly in different environmental conditions. During recent years several
studies have been performed targeting towards the assessment of indoor air
quality in selected places. Increasing rate of industrialization and urbanization,
especially in developing countries, has led to increase of air pollution levels
as well as increased concern about air pollution impact on human health [2].
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Indoor air quality (IAQ) is one of the major contributors to disease burden
in the world [3, 4]. Those members of the population who are more susceptible
to the effects of poor air quality, the elderly, the very young and those of ill
health, will spend a greater amount of time indoors [5] probably in the home,
than an average member of the population. It is therefore important to determine
whether the quality of air inside a home is affected by changes in outdoor con-
centrations and to determine the sources of pollutants within the domestic envi-
ronment [6]. Well-being is an important aspect determining the quality of life
of an occupant. In late 1980s and during the 1990s, the WHO concept of health,
became significant for identifying the concept of a “healthy building” in terms
of building performances (i.e. indoor air quality, thermal comfort, lighting
and acoustics) [7]. Indoor environment is a significant field in building envi-
ronmental assessment system (BEAS) developed in Slovakia in the last few
years. The main fields and indicators of BEAS are based on the analysis
of worldwide used sustainable assessment systems and methods such as LEED,
BREEAM, SBTool, and DGNB and so on. These sustainable building rating
tools emphasize the importance of paying attention to indoor environmental
quality throughout the design, construction as well as operation of buildings.
Monitoring and evaluation of indoor air pollutants occurred is important
for proposal of indicators in the field of indoor environment. Evaluation of in-
door environmental quality generally includes physical parameters, chemical
compounds and biological pollutants. Analysis of occurrence of selected pollut-
ants in residential buildings was used for proposal of indoor environmental in-
dicators. The percentage weights of indicators were determined depending
up the level of indoor pollutants occurrence as well as the extent to which ex-
ceeded the permissible values.

This paper provides an overview of sustainability assessment systems
for rating of indoor environmental quality. The criteria included in BREEAM,
LEED and other well-known systems for assessment of indoor environmental
quality are presented. Building environmental assessment system (BEAS) de-
veloped for application in Slovakia is also introduced.

2. Systems for assessment of indoor environmental quality

Building environmental assessment systems aim at considering the three
aspects of sustainability of buildings: environmental issues such as greenhouse
gas emission and energy consumption, economic aspects such as investment
and equity and social requirements such as accessibility and quality of spaces
[8]. The main goals of sustainable design is to reduce depletion of critical re-
sources like energy, water, and raw materials; prevent environmental degrada-
tion caused by facilities and infrastructure throughout their life cycle; and create
built environments that are safe and productive [9]. Methods and systems
for integrated evaluation of buildings are used for the purpose of pre-design,
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design, construction, operation, maintenance and end of life of sustainable
buildings [10].

The first of such tools was in 1990 the Building Research Establishment
Environmental Assessment Method (BREEAM) [11]. After that, other method-
ologies, such as the Comprehensive Assessment System for Building Environ-
mental Efficiency (CASBEE) from Japan, the Building and Environmental Per-
formance Assessment Criteria (BEPAC) from Canada, the Building Environ-
mental Assessment Method (HK-BEAM) from Hong Kong, the Green Building
Rating System (SABA) from Jordan, the Estidama from Emirate, the Sustain-
able Building Assessment Tool (SBAT) from South Africa and Deutsche
the Gesellschaft fiir Nachhaltiges Bauen (DGNB) from Germany.

2.1. BREEAM

Building Research Establishment’s Environmental Assessment Method
(BREEAM) designated as the building environmental assessment method
of choice at that time was developed in the United Kingdom in 1990. Health
and wellbeing is a concept that has not been adequately addressed
by BREEAM, which is mainly predominated by the requirements for energy
conservation and air-tightness of buildings. This is especially true for the as-
sessment of TAQ and thermal comfort issues, which are largely missing
in BREEAM and the Code for Sustainable Homes of UK. Health and well-
being is recognised as an important mark of quality in the Code for Sustainable
Homes. The objective is that homes built according to the Code should provide
a more pleasant and healthy place to live. As people spend about 90% of their
time indoors their exposure to indoor air pollutants and IAQ should be a par-
ticular important issue

for assessment and as design criteria. Also pollutants such as formaldehyde
and volatile organic compounds (VOCs) released in the homes can have an ad-
verse impact on people’s health. Buildings satisfying the requirements
of BREEAM for air-tightness would potentially enhance the indoor concentra-
tions of pollutants as well as the risk of proliferation of moulds in these build-
ings [14]. In the table 1 is shown main field in system BREEAM related to en-
vironmental quality of buildings [12, 13].

Table 1. Health & Wellbeing in system BREEAM
Tabela 1. Zdrowie i Dobre Samopoczucie w systemie BREEAM

Environmental sections Assessment issues Weighting

Visual comfort

Indoor air quality

Health & Wellbeing 15%

Thermal comfort

Water quality
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2.2 LEED

LEED (Leadership in Energy and Environmental Design) was developed
and piloted in the U.S. in 1998 as a consensus-based building rating system.
The development of LEED has been through the U.S. Green Building Council
member committees. LEED is a third-party certification programme
and the nationally accepted benchmark for the design, construction and opera-
tion of high performance green buildings. LEED promotes a whole-building
approach to sustainability by recognizing performance in five key areas of hu-
man and environmental health, namely: sustainable site development, water
savings, energy efficiency, materials selection and indoor environmental qual-
ity. LEED has a greater emphasis in the assessment of low emission materials
used, indoor environmental quality (IEQ) and building management (before
and after construction) including the maintenance of mechanical ventilation
and HVAC system [14]. In Table 2 the checklist of IEA for the LEED 2009 sys-
tem for new construction and major renovations project is shown [12, 15].

Table 2. IEQ in system LEED 2009 for new construction and major renovations project

Tabela 2. IEQ w systemie LEED 2009 dla projektow nowych konstrukeji i remontow generalnych

Indoor Environmental Quality 15 Possible Points

Prerequisite 1 | Minimum Indoor Air Quality Performance | Required

Prerequisite 2 Environmental Tobacco Smoke (ETS) Required
Control

Credit 1 Outdoor Air Delivery Monitoring 1

Credit 4.1 Low-Emitting Materials—Adhesives and 1
Sealants

Credit 4.2 Low-Emlttmg Materials—Paints and Coat- 1
ings

Credit 4.3 Low-Emitting Materials—Flooring Sys- 1
tems

. Low-Emitting Materials—Composite

Credit 4.4 Wood and Agrifiber Products !

Credit 5 Indoor Chemical and Pollutant Source 1
Control

Credit 6.1 Controllability of Systems—Lighting 1

Credit 6.2 Controllability of Systems—Thermal Com- 1
fort

Credit 7.1 Thermal Comfort—Design 1

Credit 7.2 Thermal Comfort—Verification 1

Credit 8.1 Daylight and Views—Daylight 1

Credit 8.2 Daylight and Views—Views 1
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2.3 BEAS

In recent years the evaluation of building performance in terms of envi-
ronmental, social and economic aspects has become a topic of discussion
in the Slovak Republic, as well. The new building environmental assessment
system (BEAS) has been developed at the Institute of Environmental Engineer-
ing, Technical University of KoSice. The systems and tools used in many coun-
tries have been the foundation of the new system development applicable under
Slovak conditions. The main fields and relevant indicators of BEAS have been
proposed on the basis of available information analysis from particular fields
of the building performance in Slovakia and also according to our own experi-
mental experience. The manner and form of indicators evaluation is proposed
according to the SBTool. The proposal of the main fields results from the qual-
ity of the outdoor and indoor environment, nature and landscape conservation,
exploitation of natural resources and so on. Building construction is subject
to environmental deterioration, hence the proposal of site selection and project
planning field is valid in BEAS. In Slovakia, buildings are characterized
by high energy consumption therefore their energy performance is also an im-
portant field of assessment. Selection of building materials and structures
is very important in term of embodied energy and emissions of pollutants.
The reasons for the proposal of these and other fields such as indoor environ-
ment, water and waste management are shown in the next sections. BEAS
as a multi-criteria system includes environmental, social and cultural aspects.
The proposed fields and indicators respect and adhere to Slovak standards,
rules, studies and experiments. In this study, the presented system has been de-
veloped for the preliminary stages of the life cycle, i.e. pre-design and design.
The developed assessment system for Slovakia contains 6 main fields and 52
indicators [12]. In the table is shown field Indoor environment in system BEAS.

Table 3. Indoor environment in system BEAS

Tabela 3. Srodowisko wewnetrzne w systemie BEAS

C Indoor environment 23.53%
Cl Thermal comfort 16.4
C2 Humidity 5.5
C3 Acoustic 12.7
C4 Daylighting 12.7
C5 TVOC 16.4
C6 Indoor air quality 5.5
Cc7 Radon 9.1
C8 NOx 5.5
C9 PM10 14.5
C10 Microbe 1.8
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3. Discussion

Building environmental assessment is used to specify, predict and measure
environmental performance in buildings, which can highlight long term opera-
tional benefits, provide a valuable marketing tool for the construction industry
to increase demand for quality and promote corporate and public sector sustain-
ability [16]. There are numerous mainly voluntary environmental assessment
methods currently in use around the world and while methods of assessment
vary in accordance with local circumstances and stakeholders’ concerns, they
do share characteristics and goals that are significant in their similarity [17].
Many countries either have or are in the process of developing domestic as-
sessment methods, which makes the need for international exchange and coor-
dination increasingly relevant [18]. In several studies suggest indoor environ-
mental quality tool [19], evaluation model [20], classification index [21]
or scheme [22] for evaluating indoor environmental quality. Study [23] state
that most of the buildings the sustainability assessment system does not include
a good social and economic sustainability principles, even though they have
different accents, but tend towards resources and environmental criteria
and at the same time to dominate the socioeconomic problems and weighting
credits and in the final assessment have also ambiguities and shortcomings.
This paper provides an overview of sustainability assessment systems for rating
of indoor environmental quality by introduction an approach environmental as-
sessment of building. Study [24] showed that there is still no single best tool
for assessing sustainability. In the figure 1 is shown significant weights in per-
centage of main field in system used over the world related to indoor environ-
mental quality.

30.6

Significant weights [%]

S W

System used in the world

Fig. 1. Significant weights in percentage of main field in system used over the world related to IEQ

Rys. 1. Znaczace wagi dzialdow w glownym zakresie w systemie uzywanym na catym $wiecie
odnosnie do [EQ
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4. Conclusions

The building environmental assessment of green buildings is now a much
valued sustainable development tools for evaluation of buildings for their envi-
ronmental credential, for social, economic and environmental factors in many
countries. Buildings should be a safe haven for people’s living and therefore
the ‘“‘Health and Wellbeing’* issues should be very important factors for any
development of sustainable buildings [14]. This study provides an overview
of sustainability assessment systems for rating of indoor environmental quality.
The percentage weights of IEQ in presented systems vary from 6.67% to 30.6%,
the lowest significant weight of 6.67% is for SABA and the highest of 30.6 %
is for EcoProfile.
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OCENA JAKOSCI SRODOWISKA WEWNATRZ BUDYNKOW
W SYSTEMACH OCENY SRODOWISKOWEJ BUDYNKOW

Streszczenie

Jakos¢ srodowiska wnetrza budynku (IEQ) ma duzy wpltyw na zdrowie i dobre samopoczu-
cie uzytkownikow. W celu utrzymania akceptowalnego stanu IEQ, zostaly przedstawione strate-
gie, polityki, i wytyczne co do osiagania wymaganego IEQ. Wykazano potrzebg kontrola i oceny
czynnikow lotniczych wewnatrz budynku dla zapewniania wystarczajacej jakosci powietrza. Przy
oszacowaniu jako$ci srodowiska wnetrza budynku, przy okreslaniu stopnia czysto$ci powietrza,
powinny by¢ wziete pod uwage rowniez wptywy emisji materialow budowlanych, wyposazenia i
systemow HVAC. W wielu systemach przyktada si¢ duzy nacisk na oszacowanie jako$¢ srodowi-
ska wewnetrznego na trwatosci budynkow. W artykule przedstawiono przeglad systemow oceny
trwalosci oszacowania jako$ci srodowiska wnetrza budynku. Zaprezentowano kryteria zamiesz-
czone w LEED, BREEAM i innych dobrze znanych systemach okreslajacych jakos¢ srodowiska
wnetrza. Zaprezentowano rowniez system oceny Srodowiska w budynkach (BEAS) przygotowany
do zastosowania na Slowacji. Systemy oceny, uzywane na §wiecie s3 oparte o podobne systemy
BEAS. Sa to wielokryterialne systemy obejmujace szes¢ gldwnych obszarow takich jak wybor
miejsca i projektu; konstrukcje budynku; srodowisko wewnetrzne; wydajno$¢ energetyczng; za-
rzadzanie wodg i odpadami. System ten sktada si¢ z oceny 53 wskaznikow.

Stowa kluczowe: srodowisko wewnatrz budynku, ocena trwatosci budynkéw, BEAS
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