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Abstract. The indoor environmental quality (IEQ) is considered as a social aspect of
sustainability that concerns on health, safety and well-being of building occupants. The
satisfaction of occupants in the buildings is affected by acoustic, thermal, lighting and ventilation
and has been corresponding to the self-estimated workers job performance in the workspace. The
poor indoor environmental quality in building has resulted to health problems such as asthma
and cancers and this having an effect in frequency of absenteeism and intention to quite job.
Therefore, occupant satisfaction is an important factor in the design, operation, and management
of buildings. This study reviews the extent to which relevant literature on IEQ has been carried
out and the utilisation of Building Information Modelling (BIM) for the IEQ assessment.
Reviewed works shows that many works have been carried out on indoor environmental quality
of buildings and other aspect of sustainability such as environmental and economic
sustainability. However, despite an increased interest in GreenBIM, it is surprising that little
empirical research has been conducted on the topic. Most of the studies are directed towards the
environmental benefits of sustainability such as energy consumption, carbon dioxide emission,
and waste reduction. This study aims to identify areas that are yet to be considered and provides
information on interventions that could be used to improve the health and wellbeing of occupants
of the building is a compliment to previous studies that are on the other components of
sustainability.

1. Introduction

Indoor environmental quality (IEQ) is an important aspect in assessing the general comfort of the
building. IEQ is the act of measuring of specific internal physical conditions such as thermal, lighting,
acoustic and ventilation which cumulatively affect the comfort and well-being of occupants [1]. The
relatively low IEQ hampered the performance of the workers which has invariably affected the overall
occupants’ productivity. In addition, studies have also associated obesity, cardiovascular diseases and
asthma-related matters) to IEQ [2].

On the other hand, BIM is a digital representation of the building process to facilitate exchange and
interoperability of information in digital format [3]. BIM can be considered as simulating a building
project from the initiation stage to demolition and providing a 3D virtual environment with a workflow
of integrated information through a software package [4]. Integrating the deliverables in a model, BIM
can predict and decrease problems and errors. The model provides various analytical information for the
visualized design which can contribute to digital fabrication and facilitated management [4].
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Researchers have examined the concept of application of sustainable practices in building design, and
found that BIM utilization in green building for environment and behaviour studies.

In fact, the advent of BIM technology with Sustainable Building concept has modernized the Built
Environment in the Western world and it's signified as Green BIM. Hence, Green BIM is defined as, the
ability to evaluate sustainability aspects including near-zero carbon in the construction, reducing
building impact on human health and the environment during the building’s lifecycle, enhancing energy
usage, optimizing the environmental performance, effectiveness in managing waste and an enhancement
on indoor climate in the building life cycle. Yet according to Wu and Isa [5], the implementation of
green BIM is still not encouraging and is yet to be explored by the specialists and engineers due to the
inadequate knowledge of the technology and the cost of the software.

This study aims to review the IEQ in building and extent of BIM utilisation in assessing indoor
environment quality to date through extensive literature reviews conducted on over 100 articles
published between 2007 and 2018. Approximately 43 IEQ related studies were identified and included
in the reviewing and the important IEQ aspect in achieving the green building are discussed in this paper.

2. Previous IEQ Studies

Studies on IEQ have been focused since the last decade. There are four important parameters which are
thermal comfort, acoustic comfort, ventilation and daylighting. Thermal comfort is the most important
parameter of IEQ. Moreover, thermal comfort can be based on thermal adaptation of individual which
is correlated to factors such as age, gender, climate and geographical location [6]. Thermal comfort has
an impact on energy consumption of any building as any form of discomfort of occupants leads to
changing of controls to non-optimal levels [7-8]. Thermal comfort is influenced by six factors; which
that could be classified as personal factors such as insulating through clothing and human metabolic
rate. The other factors are environmental parameters include mean radiant temperature, air temperature,
air velocity and air relative humidity [9]. Occupants thermal comfort is also influenced by the typology
and climatic condition of the environments [10]. The perception of individual thermal comfort differs
from one climate to the another and also culture can influence the thermal comfort of individual [11].
The perception of individual thermal comfort and adaptation in an environment are defined by three
factors: psychological expectation, behavioural adjustment and physiological adaptation as described
by [12].

Acoustics have a very important impact on the overall IEQ of a building and the amount of noise
emission to the environment. The levels of background noise, privacy and separation between particular
types of spaces have important implications for the work environment of building occupants. Acoustic
comfort and privacy have been identified as major issue affecting the productivity of the occupants in
an open plan office [13]. Proper selection of materials and window, wall insulation and wall framing are
essential to remove noise from outside. Some sound insulation materials, such as straw-bale construction
and acoustic ceiling tiles can offer the advantage of using natural materials and recycling. Building
occupants might have to speak louder than usual to be heard when using noise masking for example.
And this will normally cause annoyance for everyone around them in the building. Green building
guidelines such as Leadership in Energy and Environmental Design (LEED) which is one of the most
popular green building guidelines have started including acoustic comfort as one of the criteria but the
overall priority for this is low, a lot more need to be done to make it a mandatory element of green
building guidelines [14]. According to the study conducted by [15] on evaluation of acoustic comfort of
classrooms in public schools. The physical evaluation and acoustic measurements of three construction
designs revealed design errors in all the schools of this study. The error involved both the materials used
in the interior finishes of the school buildings and architectural design. The findings of this study reveal
a lack of acoustic comfort in classrooms building and advice for the need for urgent interventions.

Good ventilation is an essential aspect to bring a needed amount of fresh air for the health and well-
being of occupants in the building. The ventilation effectiveness of the building can be measured on
how well this quantity serves the building occupants [16]. The American Society of Heating,
Refrigerating and Air Conditioning Engineers (ASHRAE) current ventilation standards is ASHRAE
Standard 62-2001, "Ventilation for Acceptable Indoor Air Quality”, that addresses the basic of good
indoor air quality such as air filtration, contaminant source control, correct ventilation, and humidity
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management. A study conducted by [17] found that the energy cost of providing additional ventilation
was compensated by the savings that resulted from reduced sick leave. This study recommended that
ventilation rates be increased well above the applicable standard for offices at that time, ASHRAE
Standard 62-1999. Furthermore, a study by [18] suggested that increased ventilation effectiveness will
facilitate the perceived air quality and productivity of the occupant as well as reduce Sick Building
Syndrome (SBS) symptoms intensity

Daylighting is the practice of bringing light into a building interior and distributing it in such a way
that provides better quality illumination than artificial light sources. Surveys shows that ninety percent
of employees like to work in spaces with windows and have access outside view [19]. Daylighting
requires the correct placement of openings in the building to allow light penetration while providing
adequate distribution and diffusion of light. To control excessive brightness, windows are often
equipped with additional light shelves. The benefits of daylighting include reduction on solar heat gain,
improved visual quality, improved visual performance and productivity. Research has also examined
the difference in response between a good view versus no view where a good view was found to result
in increased productivity, mental function, and improvement in memory recall [20]. One such study
surveyed 3,000 students in one school with both windowed and windowless classrooms. It found that
94% of the participants preferred classrooms with windows; only 4% specified a preference for
windowless classrooms. In addition, the teachers at the school described the students in windowless
classrooms as more timid and likely to complain [21].

Comprehensive research on lighting were carried out in 1999 regarding the standardized math and
reading test scores over the course of an entire year of more than 21,000 elementary school students
located in school districts in CA,; Seattle, orange country, CO and Fort Collins. An improvement around
20-26% in the test score were showed by the California students over the whole year in daylighting,
whereas Fort Collins and Seattle students reported an increase of 7-18% at the end of the year. The study
found that performance is 26% better on reading test and 20% better on mathematics test for students in
classrooms with the most daylight. Rooms with larger window areas correlated with a 15-23% overall
improvement in academic outcomes [22]. When the light had a more natural appearance; the highest
test scores and behaviour were observed in students that exposed to natural light, the research found a
positive impact on behaviour and test scores when the light had a more natural appearance. Views of
the outdoors were also found to contribute to better performance [22]. Possibly because of the human
body’s ability to adapt to changes in light levels and quality quickly, more natural light from windows
resulted in 7-26% higher scores as well as faster completion times on math and reading tests.

3. BIM utilisation for sustainable building

Sustainability advocates the efficient use of natural resources in the construction of building so as to
maximize the quality of the built environment while maintaining low operating cost and waste
production, in such a way as to reduce the negative impact on the external environment from the building
project. The global attention to the impact of construction on the environment has raised the needs for
green building developments. The most important objective of designing built environment is to study
this interaction and find measurements to manage and control it properly in order that the standard of
life can be improved throughout varied strategies and methods such as sustainable design [23]. Recently,
building constructions have had various harmful effects on the ecosystem and environment as a result
of the restricted sources of materials and biological capability. It is enormous challenge and
responsibility for present occupants of the earth to contemplate it carrying capability and manage it in
an exceedingly manner to satisfy the wants of future generation. The aim of sustainable development is
additionally to seek out long solutions to support well-being and humans’ existence [24]. Furthermore,
it may be explicit that sustainability integrates the following three related components: environmental,
economic, and social.

According to Patel et al. [25] the introduction of BIM to project design optimization and delivery are
significant efforts in reducing the use of energy and material. BIM and sustainable integrated analysis
tools can be applied to the building performance assessment and the selection of best solutions which
can help to reduce consumption of resources such as water, materials wastage and energy in the project
delivery process. In other words, it concerns the two aspect of sustainability that are environmental and
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economic. Lee [26] also observed in the review of their studies that BIM application is mostly used in
the early stage of building life cycles, mostly during the design and construction phases, and fewer BIM
application in later stages of the building life cycle. Among those who use BIM for sustainability
practices, 77% of the designer and engineer during design/preconstruction stage and 11% during the
post construction stage.

4. BIM utilisation for IEQ in Building

In order to achieve a sustainable form, the harmonisation between the four IEQ parameters mentioned
above, the surrounding and natural environment must be established. To achieve this, it is pertinent to
consider the overall comfort condition (acoustic, ventilation, daylighting and thermal) as well as energy
efficiency in building. However, Soltani [27] stated that despite the importance of IEQ, that concerns
with safety and wellbeing of the people, not much literature is available unlike environmental aspect of
sustainability such as energy consumption, greenhouse gas, and water efficiency. The only work that
used BIM for IEQ is study by Al-Suhaili et al. [28] that developed a frame work for assessing the IEQ
of educational buildings in Saudi Arabia. The framework was claimed suitable to be used as a tool to
determine the IEQ and able in comparing the measure IEQ parameters data with the standard value.

5. Discussions

IEQ is one of the key elements of sustainability in building that prolong life of people. IEQ come under
the social aspect of sustainability including safety, well-being and convenience of the occupant. The
available literature reveal that little studies have been done on a social aspect of sustainability such as
the health and well-being of humans. Studies on indoor environmental quality in the last decade have
focused mainly on thermal comfort [29-35], acoustic comfort [36-38], ventilation [39] and energy
efficiency [40-42]. Most of IEQ studies only focused on the assessment of occupant’s satisfaction on
IEQ parameters in the building without investigating on how to improve the IEQ of a building through
green retrofitting, in order to reduce the building negative environmental impact and increase its
benefits. It was also observed that BIM application is mostly used in the early stage of building life
cycles, mostly during the design and construction phases, with fewer BIM application in later stages of
the building life cycle as mentioned by [26] . Most green BIM research have focus on energy
consumption and total greenhouse gas emission. The only work on IEQ using BIM was study by (41)
for the development of a frame work for assessing the IEQ of educational buildings. However, the author
study does not cover on the improvement of IEQ of the education building in order to fulfilling the
standard limits. The author only proposed a framework that can be used to detect the immediate and
future threats. While the study by [27] and [43] focus on economic and environmental aspects of the
sustainability leaving out the social aspect of it.

6. Conclusion

The utilization of BIM as tool assessment for IEQ in building was reviewed through recent and past

literatures. The IEQ important parameters and utilisation of BIM in sustainable building were discussed.

Several conclusions can be drawn from the review as follow:

e |EQ studies only focused on the assessment of occupant’s satisfaction

e There is no study on retrofitting aiming for improvement of IEQ

e Most of the studies using BIM are directed towards the environmental benefits of sustainability such
as energy consumption, Carbon dioxide emission, and waste reduction

o there are little research efforts on utilising of BIM on IEQ for benefit of health and well-being of
the human. Health and well-being of occupants is very paramount, there is therefore need for
research in this area.

7. References
[1] Bluyssen PM, Fernandes EO, Groes L, Clausen G, Fanger PO, Valbjgrn O, Bernhard CA and
Roulet CA 1996. Indoor Air 6(4):221-38.



SEPKA-ISEED 10P Publishing

IOP Conf. Series: Earth and Environmental Science 220 (2019) 012051  doi:10.1088/1755-1315/220/1/012051

(2]
3]
[4]

[5]
[6]
[7]
(8]
9]
[10]
[11]
[12]
[13]
[14]
[15]
[16]
[17]
[18]
[19]
[20]

[21]
[22]
[23]
[24]
[25]

[26]
[27]
[28]

[29]
[30]
[31]
[32]
[33]

[34]
[35]

[36]
[37]
[38]
[39]

[40]
[41]

Jaakkola MS, Quansah R, Hugg TT, Heikkinen SAM, and Jaakkola JJK. J 2013 Allergy Clin
Immunol 132(5):1099-1110.

Eastman C, Kathleen L, Rafael S, and Kathleen L. 2008. BIM Handbook Paul Teicholz Rafael
Sacks.

Grilo A, and Jardim-Goncalves R. 2010. Value Proposition on Interoperability of BIM and
Collaborative Working Environments. Automation

Wu W and Issa R. 2013 Proc 13th Int Conf Constr Appl Virtual Real. (October):30-1.

Trung TQ, Ramasundaram S, Hong SW, and Lee N. 2014 Adv Funct Mater. 24(22):3438-45

Corgnati SP, Ansaldi R, and Filippi M. T 2009 Build Environ. 44(4):785-92

Catalina T and lordache V. 2012 Build Environ 49(1):129-40

Katafygiotou MC and Serghides DK. 2014 Sustain Cities Soc. 13:303-12

Frontczak M and Wargocki P 2011 Build Environ 46(4):922-37

Lovins A. 1992 Air-conditioning comfort: Behavioral and cultural issues

Nikolopoulou M and Steemers K 2003 Energy Build. 35(1):95-101

Sundstrom E, Town JP, Rice RW, Osborn DP and Brill M. 1994 Environ Behav. 26(2):195-222

Schiavon S and Altomonte S 2014 Build Environ. 77:148-59

Henrique P, Zannin T, Petri D and Zwirtes Z 2009 Appl Acoust 70(4):626—35

Guo H, Morawska L, He C and Gilbert D. 2008 Atmos Environ. 42(4):757-68

Milton DK, Glencross PM and Walters MD 2000 Indoor Air 10(4):212-21

Wargocki P, Wyon DP, Sundell J, Clausen G, and Fanger PO 2000 Indoor Air 10(4):222-36

Heschong L, Wright RL, and Okura S 2002 J lllum Eng Soc. 31(2):101-14

Lechner N 2014 Heating, cooling, lighting: Sustainable design methods for architects. John wiley
& sons

Wu W and Ng E 2003 Light Res Technol. 35(2):111-24.

White JR 2009 Didactic daylight design for education. State University of New York at Buffalo

Ortiz O, Castells F, and Sonnemann G. 2009 Constr Build Mater 23(1):28-39

Olgyay V and Herdt J 2007 Sol Energy 77(4 SPEC. ISS.):389-98.

Patel C and Chugan PK 2013 Measuring Awareness and Preferences of Real Estate Developers
for Green Buildings Over Conventional. 2013;2:22084009.

Lee YS 2012 J. Interior Design 37(1):35-50.

Soltani S. 2016 World Journal of Engineering and Technology 193-9.

Al-sulaihi I, Al-gahtani K, Alsugair A and Tijani | 2015 Journal of Environmental Science and
Engineering B 4:451-8.

Azizpour F, Moghimi S, Salleh E, Mat S, Lim CH and Sopian K 2013 Energy Build. 64:317-22

Khodakarami J and Nasrollahi N. 2012 Renew Sustain Energy Rev 16(6):4071-7

Lomas KJ and Giridharan R 2012 Build Environ 2012;55:57-72

Sakina N, Azizi M, Wilkinson S and Fassman E 2015 Energy Build 104:191-8

Amin ND, Akasah ZA and Razzaly W 2014 Procedia - Soc Behav Sci 204(November 2014):19—
28

Ravindu S, Rameezdeen R, Zuo J and Zhou Z 2014 Build Environ 84:105-13

Bessoudo M, Tzempelikos A, Athienitis AK and Zmeureanu R 2010 Build Environ 45(11):2506—
16

Xie H, Kang J and Mills GH 2009 Crit Care 13(2):208

Paul WL and Taylor PA 2008 Build Environ 43:1858-70.

Liang H, Chen C, Hwang R, Shih W and Lo S 2014 Build Environ 72:232-42

Macnaughton P, Spengler J, Vallarino J, Santanam S, Satish U and Allen J 2016 Build Environ
104:138-44

Hwang R and Shu S 2011 Build Environ 46(4):824-34

Filippi M 2015 Energy Build 95:15-22.



SEPKA-ISEED 10P Publishing
IOP Conf. Series: Earth and Environmental Science 220 (2019) 012051  doi:10.1088/1755-1315/220/1/012051

[42] SilvaSand Almeida M. Optimization of the IEQ of Buildings. :1-10.
[43] ZuoJand Zhao Z 2014 Renew Sustain Energy Rev 30:271-81

Acknowledgements

The study was funded using GUP Q. J130000.2522.15H28, GUP Q. J130000.2522.19H76, and FRGS
R. J130000.7822.4F887 which are supported by the Research Management Centre, Universiti Teknologi
Malaysia. Their support is highly appreciated.



