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A B S T R A C T

Better understanding of indoor air quality (IAQ) and parameters affecting it, can improve the
management of indoor environment quality (IEQ), reduce health risks, and enhance the occupan-
t's well-being. The energy divisions, health and economy sectors are highly correlated to the con-
cept of IAQ in terms of air ventilation, public health, and productivity. We performed a world-
wide scoping review in accordance with the PRISMA extension (PRISMA-ScR) on IAQ indexes
with different definitions and indicators, for various aims and applications (from indoor climate
to indoor pollutants; for different indoor environments and ventilation setups). Correspondingly,
IAQ-related issues were reviewed, including health effects, energy efficiency, and economic im-
pacts. Information on different IAQ indexes was obtained from 110 studies from 23 countries.
The use and type of ventilation systems as well as the duration and location of studies are re-
viewed. Also, the variability of the studied parameters in the literature were investigated. Finally,
a novel detailed scoping classification based on different approaches for IAQ index development
is presented for the first time. The “objective” approach, has become prevalent over the “subjec-
tive” approach, in design, development, and application of IAQ indexes. In addition, considera-
tion of mechanical and natural ventilation was observed in 57 and 18% of the studies, respec-
tively. This scoping review can aid as a first step, to better understand different expressions of
IAQ by mean of an index, and their applications for future research and developments.

1. Introduction
Based on extensive reports in scientific sources the percentage of time in which the people are exposed to indoor environment (res-

idential buildings, working places, vehicles, public transports and public buildings such as schools, hospitals, museums, theaters, li-
braries etc.) is more than 80% in developed nations, more than 87% in U.S and 85–90% in Europe. These values could certainly be es-
timated even higher by the emerging COVID-19 pandemic and associated changes in people life-styles such as carrying on lockdowns
and teleworking [1–6]. So, it is truly crucial to consider the impacts of indoor air quality (IAQ) on human health and well-being.
Study and characterization of IAQ as well as growing interest and practical efforts to provide healthy and comfortable indoor environ-
ments, will enhance the occupants’ quality of life and productivity [7,8]. Exposure to indoor air pollution can exceed more than twice
of exposure to outdoor air pollution, and it is estimated that a global population of 3 billion are subjected to improper IAQ levels on a
daily basis [2]. It has been reported a wide range of illnesses and health issues correlated to low quality of indoor environment. In this
regards, short and long-term exposure to poor IAQ can lead to negative impacts on the respiratory and cardiovascular systems, skin ir-
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ritation, allergic symptoms, cognitive capabilities and productivity, dizziness, headaches, restlessness, asphyxia, coma, cancer and
death [9–13].

The main purpose of this scoping review is to globally identify and categorize available IAQ indexes. To meet this goal, a scoping
review based on the PRISMA-ScR is performed with the consideration of all IAQ indexes (indices) available in the literature, due to
the best knowledge of authors to date [14]. The main purpose of this research is to map different definitions of available IAQ indexes-
represented in the context of IAQ and/or IEQ. It is noteworthy to mention that; IAQ (air quality in a building which is breathed in) is a
subset of IEQ (conditions inside the building) and their terminologies are explained more in details in sections 3.2.1, 3.2.2 and via Fig.
2.

A scoping review of a body of literature can be of particular use when the topic has not yet been extensively reviewed or is of a
complex or heterogeneous nature [15,16].

2. IAQ background
Here in this part, we aim to explain and describe the “key elements used to conceptualize the review questions (PRISMA-ScR). Af-

terwards, the questions are presented in section 2.7., and then it has been tried to answer them through the scoping review-study.

2.1. Health
United States Environmental Protection Agency (EPA) has defined the low IAQ as one of the five high priority environmental risks

to public health [17,18]. Moreover, official reports of World Health Organization (WHO) approximate great number of premature
deaths being linked to poor IAQ [19]. Thera are also some other health problems such as sick building syndrome (SBS), building re-
lated illnesses and multiple chemical sensitivities which have been studied in the literature [20]. The poor IAQ levels are not only lim-
ited to rural areas, but also to the dynamic and complex housing arrangement and energy regulations in urban areas. A deeper look
into the concept of IAQ reveals that in addition to the status of human health and well-being, it can be highly correlated to the build-
ing energy consumption, lifecycle costs and economy aspects as well as the raising climate change measures and mitigations [21,22].

2.2. Energy
Modern comprehensive methods and standards such as Standard NBN EN 16798–1:2019 in which building energy efficiency is in-

tegrated with the indoor environmental conditions, are progressively carried out [23–25]. The new trend of tight sealed dwellings,
encourages the architectures and building construction companies to enhance the performance of ventilation units and improve the
total energy efficiency, continuously. It is obvious that providing more air exchange rates (AERs) raise the energy use of ventilation
utilities and decrease the building energy efficiency, simultaneously. Regarding the contradiction among “energy efficiency improve-
ments” and “implementation of IAQ guidelines”, the design, development and optimization of multipurpose approaches for indoor air
purification is ever more required. Consequently, the energy consumption necessary to provide an adequate ventilation is related to a
number of parameters, including but not limited to IAQ standards, ventilation system types, and occupants’ activity. This can lead to
a duality of interest among policies that aim providing high levels of IAQ and those motivating the decrease in building energy use.
Modern indoor environments should enable reliable solutions for upcoming challenges and needs [26–28].

In this regard, the EU's policy making organization; the amended Energy Performance of Buildings Directive (EPBD, 2018/844),
has stated energy performance criteria established by executive administrations of EU members should optimize health, IAQ and
comfort measures. In order to support the transition into an energy efficient and decarbonized building stock by 2050, it is essential
for EU governments to obtain a new perspective with these key factors [29]:
• Introducing measures of IEQ in long-term renovation approaches,
• Combining IEQ and Energy Performance Certificates (EPCs),
• Developing cost-optimal strategies & evaluating the influential factors of IEQ,
• Certify agreement and quality control actions to support providing acceptable IEQ.

2.3. Economic point of view
The maintenance of indoor air quality can meaningfully impact the energy consumption of building design and operation stages,

considered as indirect impacts on micro-economics. Occupants that are uncomfortable with their indoor environment are expected to
take actions in achieving comfort which may have additional cost implications [30,31]. Another important subject associated with
the indoor environment and IAQ is the economic aspect in a direct way. The economy sector has faced an emerging switch to the ser-
vice and knowledge-based teleworking from indoor office/home areas. This potential has quickly become a reality by the COVID-19
pandemic outbreak in 2020–21 [32,33]. In addition to the health issues, poor IAQ can negatively affect the economic sector by reduc-
tion of work force productivity up to 15%. In fact, the economic cost of air pollution is huge. A pioneer study carried out in the 90's es-
timated that improved indoor environment can increase the potential productivity in the range of 0.5–5%, which was equivalent to
US$12–125 billion per year [34]. The total economic cost of health effects by the integrated ambient PM and household air pollution
was estimated to be US$ 1.575 trillion for the WHO European Region in 2010 [35]. Considering the only indoor pollution, recent
studies have estimated annual economic costs (mortality, morbidity, and the productivity loss) to be around €20 billion for France in
2014, $37 billion for India in 2019 and (with only health cost consideration) about US$300 million for Morocco in 2017 [35-38].
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2.4. Ventilation and IAQ
Many indoor environments rely on mechanical ventilation units with a limited amount of diluted outdoor air, which is likely to

cause indoor pollutant accumulation. Based on the ASHRAE standard [39] three approaches entitled as: a) Ventilation Rate, b) IAQ,
and/or c) Natural Ventilation, are applicable to satisfy the ventilation criteria. In the ventilation rate procedure (a prescriptive
method), the air ventilation rates are defined based on the uses of building, number of residents, and floor area. In the IAQ procedure
(a performance-based method), the outdoor air intake rates and other parameters are defined according to pollution sources, Expo-
sure limit values (ELVs), and perceived IAQ admissibility. In the natural ventilation procedure (a prescriptive approach), the outdoor
air flows via openings to the indoors, and can be applied in combination with mechanical ventilation systems. Modern designs with
high energy saving targets include minimized air leakage, highly sealed construction, that considerably decrease the natural ventila-
tion. High sealed indoor environments also can lead to accumulation of indoor pollutants, derived by inadequate air exchange rates
[40,41]. Also, there is a common conclusion in the literature that ventilation rates lower that are related with higher fre-
quencies of SBS symptoms. On the contrary, adequate ventilation rates can enhance productivity [42,43]. However, the advised mini-
mum levels for the indicators of indoor air are not necessarily always at optimum levels. For instance, the EN 16798–1 presents the
absolute minimum value of ventilation equal to , while the scientific researches suggest it should be or even
higher if additional parameters (e.g., productivity and learning) are considered [44–46].

2.5. IAQ and sources of impacts
The IAQ is a complex concept that is influenced by a number of parameters, such as indoor emission and outdoor penetration of

pollutants, chemical reactions (secondary pollutants), sorption and desorption phenomena, air exchange rates and ventilation charac-
teristics, indoor and outdoor temperature and relative humidity (RH). According to the literature, effective parameters involved in
IAQ can be categorized to different groups and sub-groups on different basis. Some studies have classified these parameters into phys-
ical-chemical, organic-inorganic or internal-external and building characteristics. Pollution sources and emission trends vary quickly
over different time periods, however in the following, an attempt has been made to provide a holistic schematic of classification of af-
fective parameters on IAQ and their subgroups [6,27,47–56]. Fig. 1 illustrates the main IAQ determinants with examples.

Fig. 1. Main IAQ determinants with examples.
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It is noteworthy to mention that outdoor sources of pollution are more well-known and the measures to control them are more de-
veloped. With higher attention of policymakers to “energy transition” concept, the “carbon neutrality” context, and “net-zero emis-
sion” targets, the outdoor air pollution regulations and policies are being developed and implemented faster than those of indoor en-
vironments. Also, inhabitant's behavior and variation of life styles as a consequence of climate change can impact the indoor pollutant
concentration as well [57]. Hence, the effects of indoor pollution sources on IAQ may attract more attention. Reducing indoor conta-
minants by controlling the emission origins is only applicable when the sources are well-recognized, though new substances are con-
tinuously identified and categorized as harmful to health. So, prevention or reduction of indoor contaminant emissions are usually
limited (mainly low-emissivity materials), technically impractical, and not cost efficient [58–61]. In this regard the role of ventilation
seems to be critical in the control and maintenance of good IAQ.

2.6. IAQ complexity
The absence of explicit and detailed legal directives on the IAQ is mostly due to the variability, diversity and difficulty in gathering

consistent analytical data for all involved factors/sources in a single pool. IAQ as a complex concept is more like to a broad spectrum
of factors rather than a solitary measurement element. Likewise, there are different architecture and design variables associated with
it (Fig. 1). Additionally, aforementioned (section 2.2.) contradictory energy target settings among numerous parameters adds to the
complexity, interlinks and versatility of IAQ, in spatial and temporal scales. To address this issue, IAQ indexes seems to be essential
for explaining, categorizing and improving the quality of indoor air by processing user-friendly and extensive scoring (ranking) of
IAQ levels in indoor environments. Although various IAQ indexes have been developed globally in recent years, their different rele-
vance to IAQ level assessment has not been fully explored. A comprehensive and fast realization of IAQ by an index, will simplify the
design of effective measurement, qualification and maintenance protocols in terms of control. Choosing an evaluation measure for
this aim is a critical challenge as there are numerous of indexes in the scientific literature, but the distinction among health risk-based
and comfort-based indexes is unclear [62].

2.7. Research questions
In order to organize this review, a number of research questions (RQs) were defined:
RQ1: What are the different types of IAQ indexes?
RQ2: Which parameters (IAQ indicators) are employed within the literature?
RQ3: Where can specialized IAQ indexes be applied?
RQ4: What are the different design and development methods of IAQ indexes?
RQ5: What are the standard and ELV bases applied in IAQ indexes development?
By the RQ1 and RQ2, it is possible to classify different types of IAQ indexes and the employed indicators. RQ3 enables information

regarding the site location and different indoor implementations. RQ4 aims the different structure and methodologies regarding the
design and development of IAQ indexes. And RQ5 provides insights to the available guidelines used in IAQ domain and their thresh-
old basis.

3. Review methods
3.1. Research strategy

The Preferred Reporting Items for Systematic Reviews and Meta-Analysis (PRISMA) [63] framework applies four major tasks in-
cluding identification, screening, eligibility, and inclusion. A scoping review provides a mapping process that can identify relevant ar-
eas for further enquiry in an area where there is only emerging evidence to provide clarification for key concepts and gaps. The appli-
cation of the PRISMA framework allows for a transparent, logical approach that exhibits how articles were classified as included. A
traditional literature review seldom provides this logical approach for the reader [14,64]. To find most appropriate studies of any
kind, an advanced deep search by Google Scholar was carried out.

3.2. Terminology
Different combination of keywords was applied to capture various literature with application of IAQ indexes and related applica-

tion with indoor built environment, health and well-being, productivity, energy efficiency and HVAC systems. Table 1 presents the
search terminology of current review.

3.2.1. Indoor environmental quality (IEQ)
IEQ is a keyword which generally explains the measurement of indoor environmental properties concerning air quality and visual,

thermal and acoustic comfort [65]. There are several leading organizations with different purposes and origins that have provided de-
finitions for IEQ, such as: ASHRAE (American not-for-profit organization), REHVA (European non-profit association), NIOSH (Ameri-
can federal government) and GSA (American governmental agency). All these definitions are common in considering the IAQ as one
of the major sub-components of the IEQ (Fig. 2); with direct effects on health, well-being, comfort and work performance [66–68].

3.2.2. Indoor air quality (IAQ)
According on the definition proposed by EPA, the IAQ is stated as “the air quality within and around buildings and structures, es-

pecially as it relates to the health and comfort of building occupants.” It is mentioned that a better perception and control of IAQ, en-
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Table 1
Terminology used to search the sources in the current review study.

Indoor environment and Building Index IAQ

Indoor environment Index Indoor environmental quality
Residential, dwellings, domestic, homes, houses, Indexes Perceived Indoor air quality
Green buildings, ZEB, NZEB Indices Indoor air quality
Offices, work Places Indicator Perceived IAQ
Museums, galleries Rank Indoor air
Historical heritage Score IAQI
Library Scale IAQ
Malls, stores Range
Subways, metro stations Level

able the risk mitigation of indoor health issues. By another definition presented by ASHRAE Technical Committee (TC) 1.6, IAQ refers
to the “attributes of the respirable air inside a building (indoor climate), including gaseous composition, humidity, temperature, and
contaminants.” [69,70].

3.2.3. Indoor air pollution (IAP)
Based on the definition proposed by British Lung Foundation (BLF), the IAP can be expressed as dust, dirt or gases in the indoor en-

vironment which can negatively affect inhabitants’ health via aspiration. IAP includes but not limited to gases (e.g., VOCs, and inor-
ganic compounds), PMs, and biological elements [55,71].

IAQ is an expression of air quality within buildings, and has a very strong impact on the quality of life. The common elements for
assessment of IAQ are IAP, thermal conditions (T, RH, airflow), and ventilation characteristics.

3.2.4. IAQ standards
Current IAQ standards and guidelines try to provide the advised concentration levels, indoor climate parameter values, and proper

air ventilation requirements. Guidelines provide a scientific basis for legally enforceable standards. Advised pollutant concentration
levels are labeled under different terms: Exposure target value (ETV), Exposure limit values (ELV), Threshold limit value (TLV), Low-
est concentration of interest (LCI), Toxicity reference value (TRV), and Occupational exposure limit (OEL). In the following the defini-
tion of some common terms used in the context of air pollutant concentrations are presented.
3.2.4.1. Definitions.
• ELV are satisfactory pollutant levels in specified period of time that can also be employed as a benchmark to show whether IAQ is

getting better or worse.
• An exceedance is a time interval when pollutant levels are greater than ELVs. As ELVs may be defined in respect to various

averaging times, the number of exceedance days are used for a better comparison.
• An objective is the target date on which exceedances of an ELV must not be more than a certain number [72].
• A toxicity reference value (TRV) is a toxicological indicator to qualify or quantify a risk to human health by exposure [73].
• Occupational exposure limits (OELs) are directing values of chemical substances in the workplace air for assurance the health in

regard with exposure [74].
• LCIs are the maximum accepted levels of pollutants limiting emissions from construction products before being utilized by end-

users [75].
Hereafter, we use the “ELV” as most common term applied to describe the value limit of pollutants in references. The ELVs are de-

fined by lower and upper concentration limits or by divided intervals (breakpoint concentrations) based on corresponding health
risks. Also, it should be noted that the break point concentrations’ themselves, are determined by official surveys, and health impact
studies and experiments. Since, different ELV references advise different time intervals and concentration values for their measured
target parameters, determining a specified measurement protocol is essential, as well.

Yet, limited existing IAQ standards and guidelines, are not all the same in terms of variety of pollutants and parameters, content
presentation structure, the targeted indoor space applications, and the geographical region. Moreover, several countries have devel-
oped guidelines and regulations related to the IAQ at their own national level (by the health or building sectors/organizations), while
most countries are without any specific code. It should be noted that the ELV of indoor pollutants, is the most essential parameter ex-
tracted from IAQ standards and guidelines, that can be used in the design, development, and calculation of a typical IAQ index. Lack
of such parameter, is the primary motivation of series of studies based on IAQ sensory assessment and survey of occupants (will be
discussed in the following; Section 4.2.1).

WHO updated the Global Air Quality Guidelines (AQGs) in 2021, after 16 years [76]. Regarding the indoor air, WHO has pre-
sented the first IAQ guidelines and exposure thresholds (advisory), which have been since widely employed by other regulatory sec-
tions worldwide [9]. Also, standard NBN EN 16798–1:2019 (provided by technical committee of CEN: European Committee for Stan-
dardization) presents required indoor environmental input factors for design and assessment of energy performance of buildings, ad-
dressing the IAQ, as well as the thermal environment, lighting and acoustics. There are several remarkable studies in the literate
which have partially/fully studied available air pollution guidelines and standards [47,77–83].
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3.3. Eligibility criteria
The key criteria for the inclusion in this scoping review were scholarly literature, including but not limited to peer-reviewed jour-

nal papers, academic books, and conference papers, which were published in English, in the past two decades (2000–2021). The pri-
mary focus was on review researches of IAQ and IEQ, with addressing the challenges and IAQ indexes. After that, original single stud-
ies with presentation of various index definitions, indicators, and configurations were taken into account. Considering the former ex-
tensive research on the topic of IEQ, this review is specifically determined to extract and evaluate the studies including IAQ indexes
and their application. Our inclusion criteria did not pose restrictions for region of study, sample size, time period, and methodology.
Table 2 represents the reference inclusion and exclusion criteria for the current study.

Also, for 5 repeated indexes in the literature that were firstly introduced before year 2000, the primary studies were considered, as
well.

3.4. Data abstraction
The search of the online databases by Google Scholar, resulted in 202 correlated references that have been stored on Zotero

(Zotero is an open-source reference management software to manage the bibliographic data). Forty-four review papers and 158 origi-
nal studies with correlated content to IEQ and IAQ index application were categorized. Six non-English language references were re-
moved. We excluded 42 study after reading the content as they did not meet the inclusion criteria for this study. 92 papers were clas-
sified as duplicate index application and research method. From the 62 remained papers, a comprehensive assessment was carried out
in full text. After matching the content with the inclusion criteria, 8 articles were excluded further. In summary, we retained 54 pa-
pers for our scoping review, 22 presenting IAQ indexes exclusively and 32 present the indexes within the domain of IEQ. Fig. 2 pre-
sents the schematic diagram and corresponding statistics of the applied PRISMA scoping framework in the present study. Fig. 4 pre-
sents the worldwide distribution of the references for the current study. Moreover, Fig. 45 presents the temporal distribution of the
references since 2000 (see Fig. 5) (see Fig. 3).

4. Findings and discussions
4.1. IAQ target-oriented projects

By exploring the studies and scientific papers of past twenty years in online databases, it was revealed that a number of prominent
nation and global-wide projects regarding the IAQ were conducted [84,85]. These projects aimed the investigation of IAQ in various

Table 2
Inclusion and exclusion criteria for the present study.

Exclusion Basis Inclusion Basis

✘✘ Studies with no details about the target index ✓ Studies with clear refer to IAQ “index”
✘✘ Researches in non-English languages ✓ Studies with IAQ index description
✘✘ Secondary studies ✓ Studies that are published after 2000
✘✘ Duplicated results

Fig. 2. IEQ schematic definition (ASHRAE) and IAQ as one of its subcomponents.
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Fig. 3. Schematic diagram and the corresponding statistics of the PRISMA framework.

indoor environments in different themes of health, energy, socio-economy and risk management. Table 3 presents these projects and
their specifications. Fig. 6 show the distribution of different IAQ evaluation parameters (IAQ indicators), at the screening stage among
110 references. Also, regarding the ventilation systems in IAQ index studies, it was revealed that 18, 57, and 35% of the references
were corresponding to natural ventilation, mechanical ventilation, and unexplored ventilation state, respectively.

4.2. IAQ indexes
Due to the inherent complexity of IAQ, normally it is not possible to express it by a single end result, however lots of efforts have

put to boil it down in the form of an IAQ index. IAQ indexes have been proposed in the literature with different labels (e.g., indicator,
index, scale, rank), solely in the context of IAQ or incorporated into the IEQ concept. Absence of a universal standard approach in or-
der to uniformly index IAQ, probably leads to further confusion of the topic and makes it practically challenging for future research
framework development, as well as the inter-study comparison. The dynamics of IAQ is observed in the entire literature as scientists
try to deliver their own detailed comprehension of what forms/establishes IAQ.

4.2.1. IAQ index scoping (classification)
The leading objective of this paper is to create a comprehensive scoping overview of different IAQ with different applications, for

the first time. This collection and classification can also be helpful for those who focus on the quality of indoor air in different fields,
such as BEMS (Building Energy Management Systems) specialists, HVAC designers, architects, indoor air monitoring device produc-
ers, indoor air purifier producers, healthcare professionals, as well as all other involved scientists and engineers.

There are couple of classification perspectives in the literature on IAQ indexes. Though, researchers unanimously agree that IAQ
indexes can be structured based on both subjective and objective principals. The subjective assessment of IAQ examines the perceived
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Fig. 4. Worldwide distribution of the references for the present scoping study.

Fig. 5. Temporal distribution in the references-screening stage, of the present scoping study since 2000.

feeling of occupants whether dissatisfaction or comfort, while the objective evaluation of IAQ deals with the concentration measure-
ment of pollutants and (health risk-based) ELVs.

Two main approaches for establishing/designing IAQ indexes are the survey approach (also known as: qualitative, or comfort-
based method) for subjective indexes; and the measurement approach (also known as: quantitative, or health risk method) for objec-
tive ones. We name the survey approach-based indexes “S series”, and the measurement approach-based indexes “M series”. The sur-
vey approach (subjective indexes) can question and assess the perceived dissatisfaction, perceived IAQ, perception of indoor comfort,
building characteristics and well-being of a group of individuals in an indoor environment. According to the type of use of the interior
space of a building, as well as the considered parameters in an IAQ index, the designed questionnaires can be diverse.

On the other hand, by the evolution and progress of low-cost sensors (LCSs) for monitoring IAP and indoor climate, as well as the
scientific trend in the field of IAQ, the measurement approach (objective indexes) has been widely employed for the IAQ index devel-
opment [86].

The measurement approach is based on ELVs. In this approach the index is addressed whether directly as a suggested concentra-
tion range, itself (M4), or as a score (rank/ratio) derived after proposed health risk assessment (M1, M2, M3). In the score (rank/ratio)
method, the comparison between measured pollutants and their corresponding ELVs according to a selected standard or guideline,
plays the key role.

There are several ways to apply the score (rank/ratio) method:
i) M1: Another way is to involve all measuring pollutants in the formation of IAQ index by a summation/averaging function.

ii) M2: One another way is to select the pollutant with the maximum relative value regarding its reference ELV among all
contaminants, and represent its corresponding score as the index result.
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Table 3
Prominent nation and global-wide defined projects with the focus on the IAQ.

YEAR NAME REGION DESCRIPTION

1992 Joule
Program

EU Audit project to optimize indoor air quality and energy consumption in office buildings.

1994 BASE USA Building Assessment Survey and Evaluation Study.
1995 INGA Germany Indoor and genetic factors in asthma and allergy.
1999 NHEXAS USA National Human Exposure Assessment Survey.
2001 Airless EU Optimize indoor air quality and energy consumption of HVAC-systems
2002 PEOPLE EU Population Exposure to Air Pollutants in Europe.
2002 INDEX EU The Critical Appraisal of the Setting and Implementation of Indoor Exposure Limits in EU.
2002 Hope EU Health Optimization Protocol for Energy-efficient Buildings.
2003 MACBETH EU Monitoring of Atmospheric Concentration of Benzene in European Towns and Homes.
2003 AIRMEX EU European Indoor Air Monitoring and Exposure Assessment.
2003 IAIAQ EU Promoting actions for healthy indoor air.
2004 SINPHONIE EU Schools Indoor Pollution and Health: Observatory Network in Europe.
2004 ENVIE EU Co-ordination Action on Indoor Air Quality and Health Effects.
2006 BUMA EU Prioritization of Building Materials as Indoor Pollution Sources.
2008 CLEAR-UP EU Exploring a comfortable and healthy indoor environment based on resource efficient technologies.
2008 HITEA EU Health effects of indoor pollutants: integrating microbial, Toxicological and Epidemiological Approaches.
2010 OFFICAIR EU Framework towards an integrated approach in evaluating the health risk from indoor air pollution, in modern office buildings.
2010 EPHECT EU Emission, Exposure patterns and health effects, of consumer products in the EU.
2012 HelthVent EU Ventilation guidelines for Europe, existing buildings, building codes, ventilation standards and ventilation in Europe.
2014 EPA

83575001
USA Combining Measurements and Models to Predict the Impacts of Climate Change and Weatherization on Indoor Air Quality and

Chronic Health Effects in U.S. Residences.
2017 ALDREN EU ALliance for Deep RENovation in buildings (TAIL: Thermal environment, Acoustic environment, Indoor air quality and

Lighting).
2019 GerES Germany Analyze indoor air composition, determine reference values, Investigate the possible reasons for high pollutant concentrations

and find new indoor pollutants.
2019 OCCuPANt Belgium Impacts of climate change on the indoor environmental and energy performance of buildings in Belgium during summer.
2020 Level(s) EU An approach to assess and report on the sustainability performance of buildings, throughout the full life cycle of buildings.
2020 EXPOLIS Portugal develop an air quality exposure sensing system, composed by a network of sensor nodes, and deploy it on public transportation

(buses) to obtain the real-time air pollution distribution in urban areas.

Fig. 6. Distribution of different IAQ indicators among 110 studies in the screening stage of index scoping review. (BC, IR, Rn, TVOC and P, stand for Black-Carbon, Solar
irradiance, Radon, Total VOC and Pressure, respectively.)

iii) M3: The basic method is to choose a single IAQ indicator (parameter/contaminant) as an index representative. Also, a
normalization procedure can be carried out if needed.
Fig. 7 a illustrates the distribution of IAQ indexes based on subjective (Survey/“S series”) and objective (Measurement/“M se-

ries”), and Fig. 7 b depicts the distribution of M series, separately.
Likewise, further averaging operation (e.g., arithmetic, logarithmic, weighted etc.) may be applied to provide an image of the

mean IAQ state. Fig. 8 illustrates the Scoping/Mapping diagram of IAQ indexes. Table 4, as the heart of this scoping review; presents
the reviewed IAQ indexes, their corresponding scoping class, employed IAQ indicators (parameters), and available index applications
(experiments’ details).

4.2.2. IAQ index applications
Generally, IAQ indexes make available information about the health effects of their target parameters, and how to avoid those ef-

fects. Despite the existing air quality indexes, absence of a universal metric which quantitatively defines the IAQ, is an important chal-
lenge against a) common standard IAQ management system, and b) the integration of energy and IAQ strategies in indoor environ-
ment management (with respect to HVAC applications). Such an index enables the analysis and comparison of different methods to
reach high “IAQ-Energy performance”. In order to characterize the “IAQ index applications” more in details in this section; we express
their different purposes, indicators, time frames, and localized applications, separately.
4.2.2.1. IAQ index purposes. IAQ indexes are tools for communicating the state of indoor air contaminants. They can easily be linked
to user-friendly color-coded categories to provide statements for each sub-class. Each category represents different levels of the
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Fig. 7. a) Distribution of IAQ indexes reviewed in this study based on survey/measurement (subjective/objective) classification, and b) the distribution of M series in-
dexes.

Fig. 8. Scoping/Mapping diagram of IAQ indexes.

health-risk. Subsequently, the information about population groups at high-risk (patients with respiratory and cardiovascular dis-
ease, elderlies and infants) whom may be affected, and the guidelines to reduce exposure to indoor pollution would be easier to ac-
cess and follow. The IAQ index can be employed as the basis for IAQ forecasts and online IAQ monitoring, as well.
4.2.2.2. IAQ index parameters (indicators). As it was earlier presented in Fig. 6, different IAQ indexes cover wide variety of indoor
air quality indicators, commonly including indoor pollutants (chemical, physical, biological) and indoor climate parameters.
4.2.2.3. IAQ index time frames (time range). The time range of an IAQ index depends on the averaging time of its components. Gen-
erally, the averaging time is determined by following the chosen/developed exposure guideline (standard), or it is defined based on
the end-user needs (instantaneous, daily, etc.).
4.2.2.4. IAQ index localized applications. Generally, IAQ indexes are designed/developed for specific indoor applications, such as
residential dwellings (Flat, apartment, studio, etc.), institutional buildings (medical, educational or administrative use), commer-
cial offices, subways, malls and shopping centers, heritage and sensitive objects preservation (museums, galleries), etc.

Although, a typical IAQ index could have been applied to different indoor environments, it will most probably fail to satisfy all
users, since each category of inhabitants require their own personalized deliverables based on their indoor environment type.

For instance, with respect to the “key Table 4” it is realized that:
• applied IAQ indexes for highly occupied interior spaces (like classrooms in schools), focus more on CO2 levels (as an accredited

ventilation indicator [87]) and PM concentrations,
• applied IAQ indexes for residential indoor environments, focus more on indoor climate, as well as the CO, CO2, PM and O3

concentrations;
• and applied IAQ indexes for health care and treatment centers (hospitals, and medical centers), focus more on the indoor

biological pollution levels.
On the other hand, some other indexes are utilized for exclusive applications, making them specific in their implementation or re-

search field. Among those, the “Radon index” aiming the radioactive Rn gas, and the “DALY index” common in the field of health im-
pact assessment, are best two examples. While some IAQ indexes are case specific, others would tend to simplify the evaluation strat-
egy with aim of generalization. Still, more time is needed for a universal IAQ index that everyone agrees on, due to following chal-
lenges:
1. Wide range of different indoor environments with varied applications and inhabitant groups,
2. Lack of unity in IEQ and IAQ policymaker/responsible organizations (worldwide),
3. Involvement of multidisciplinary filed of expertise and diverse interests in the domain of IAQ: Energy sector, Health sector,

Building sector (plan design, HVAC), etc.
One practical solution to overcome these challenges would be further cooperation among different stakeholders of IAQ/IEQ do-

main, to define “general cohesive IAQ guidelines” for different interior spaces, based on (at least) two crucial criteria of: a) type of
building use, and b) building geographical and regional specifications.
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Table 4
Scoping table of IAQ index studies [88]; [89]; [90]; [91]; [92]; [93]; [94]; [95]; [96]; [97]; [98]; [99]; [100]; [101]; [102]; [103]; [104]; [105]; [106]; [107];
[nulla]; [108b]; [109]; [110]; [111]; [112]; [113]; [114]; [115]; [116]; [117]; [118]; [119]; [120]; [121]; [122]; [123]; [124]; [125]; [126]; [127]; [128]; [129];
[130]; [131]; [132]; [133]; [134]; [135]; [136]; [137]; [138].
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4.3. Study limitation
In the organization of a scoping-review study, issues with research samples and selection, and lack of previous research studies on

the topic, were key limitations. Besides, lack of a universal IAQ assessment approach or standard was an additional constraint. Re-
cently, the ongoing project IAE EBC annex 86 [139] is aimed to create a unified general assessment approach to support the develop-
ment, rating and implementation of innovative and highly energy efficient IAQ management strategies.

5. Conclusion
This work is based on the scoping and classification of IAQ indexes. The analysis of the 110 articles gathered via a structured scop-

ing review (PRISMA-ScR) focusing on IAQ indexes, their definitions and applications, showed that there is a global rising research in-
terest in this area. 45 indexes found in the literature were categorized in respect to subjective and objective basis, as well as the calcu-
lation process and their localized application. Also, a comparison was made based on the publish year and region of index studies, as
well as the utilized parameters, and their available application details. Considering the fact that, only a partial group of indoor pollu-
tants can be commonly measured (technical limitation in measuring all indoor pollutants); and following the logic that is not possible
to subjectivize all indoor pollution with occupants’ perceived comfort (human biological limit in sensing/linking pollution episodes
by his/her cognition or perception); objective indexes have almost overtaken subjective ones at the present time. However, a global
agreement has not yet achieved on which index is the best to apply.

This scoping review has examined the variations of IAQ indexes documented in a broad range of laboratory and field studies. In
general, the reviewed studies demonstrate that poor IAQ is associated with increased health risks and decreased productivity and
well-being. Inconsistency and uncertainties have been detected in IAQ index application, mainly due to:
1. Different evaluation methods of health risks and well-being,
2. Different ELV of the investigated IAQ parameters in research plans,
3. Ignored complex or arbitrator elements. (Other parameters associated with IAQ, building, and occupants could potentially

contribute as well as contaminant concentration levels, temperature and RH.)
4. And most important, lack of a comprehensive unique worldwide standard/guideline for IAQ and ELVs for different indoor

environments.
Monitoring the IAQ provides useful information regarding changing trends of IAP and indoor climate. These evidences can help

future management for improved indoor environments. Analyzing temporal evolutions of the IAQ index is an essential prerequisite to
detect trends of IAQ versus other influential elements. This can also help to draw a clear detailed image of high health-risk/discomfort
episodes, in order to detect poor/bad IAQ in a more intensive way. Practically, a well-planned IAQ index plays a double role of: a) a
decision-making support tool for adaptation of the indoor environment to maintain certain preservation conditions despite pollution
peaks, and b) an efficiency measure for assessment of mitigation plans. However, there are a number of challenges regarding practical
IAQ studies such as absence of appropriate utilities and equipment, integrated data network, and a unified control management unit.
Moreover, the need for a simple, user-friendly and intensive expression of IAQ levels, always seems to be crucial. By applying a cor-
rect index, this need can be answered in a targeted manner. Using such an index, one can take best decision according to the instruc-
tions and advices by guidelines for mitigation and adaptation. Among various classified IAQ indexes in this review, 18% were subjec-
tive and 82% were objective indexes. The M3 type index (objective index based on single pollutant) is the most employed index type
in the studies to date.
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Making a comprehensive assessment of the interactive impact of factors such as contaminant concentration levels, temperature
and RH, in indoor environments is limited. Whether and how these parameters will contribute to overall IAQ sensation remains un-
known. The CO2 and PM10 are the two most commonly used parameters for IAQ assessment, however, the IEQ including thermal,
lighting, acoustic, and an integrated IAQ, should be the subject of future research. It is important to identify the most influential factors
that affect IAQ inside a building. Also, gender, age, health conditions, and other related factors may have an impact on the perceived
IAQ.
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