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Abstract: This comprehensive critical review shows how green buildings and energy optimization
solutions improve indoor air quality as well as environmental quality (IEQ) and human health.
Electricity-efficient green buildings create a better indoor atmosphere and save electricity. Green
buildings improve occupant well-being through IAQ, thermal comfort, acoustics, and lighting.
Renewable energy, green construction materials, and intelligent technologies increase sustainability
and reduce environmental impact. Environmental hazards, architectural design, and societal
variables can improve indoor air quality and subsequently reduce health risks linked with poor air
quality. The evaluation highlights the pros and cons of low-cost IAQ sensors and equipment. These
devices provide valuable insights, but calibration and validation using reference equipment are
necessary to ensure accuracy and reliability. Architects, engineers, environmentalists, and
policymakers are essential in creating green buildings with high IEQ. Prioritizing occupant comfort,
health, and productivity ensures a sustainable and healthy future for future generations. However,
continual monitoring and research are needed to improve green building practices and overcome
construction problems. Intelligent models for continual on-field calibration of low-cost sensors may
improve performance. Green buildings benefit occupants and the environment by optimizing
energy use and using IAQ monitoring technologies.

Keywords: green buildings; energy optimization; indoor environmental quality; passive design;
low-cost sensors; intelligent calibration models

1. Introduction

Innovative solutions, such as energy efficiency in green buildings and consideration of human
health in an indoor environment, are critical for a sustainable future [1,2]. Green buildings, being
more energy-efficient, are associated with reduced energy consumption and improved indoor air
quality, a synergy that significantly contributes to human health [3,4]. Energy optimization strategies
go beyond merely reducing energy costs; they enhance the comfort of inhabitants while lessening
environmental harm[5-7]. In fact, it is a fundamental and dynamic element in developing green and
sustainable buildings. It offers an expedited solution to mitigate the varied impacts, including
environmental, economic, social, and so forth, that the construction sector poses. Hence, pursuing
high energy efficiency is crucial for achieving building sustainability.

Undeniably, most of us spend a substantial amount of time indoors, as much as 80-90% [8].
Therefore, optimizing our indoor environments for energy efficiency and air quality is crucial. By
exploring and overcoming the hurdles to implementing innovative energy optimization strategies,
we can foster healthier, sustainable breathing spaces for the present and future generations[8,9].

© 2023 by the author(s). Distributed under a Creative Commons CC BY license.
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Chemicals from pesticides, cleaning products, volatile organic compounds from construction
materials and furnishings have significant hazards. In addition, particulate matter from tobacco mold
and smoke can also have significant effects on human health when indoors [7,8,10-13]. Deteriorated
air quality, poor illumination, and inadequate thermal comfort are all factors that might negatively
affect our health. Designing, analyzing, and managing healthy, comfortable, and energy-efficient
buildings falls within the purview of indoor environmental quality professionals. In addition,
comfort, delight, productivity, and well-being are all things that should be prioritized in interior
spaces [2,7,12].

In recognition of the fact that buildings can have both beneficial and detrimental impacts on
their occupants and the surrounding environment, green construction practices have been
developed. They hope to lessen the adverse effects while increasing the positive ones. Natural
ventilation, renewable energy sources, and a state of art HVAC systems are examples of how green
building design and construction may improve IEQ. Incorporation of natural light provides
admittance to nature and encourages physical activity are further ways that can design to improve
health and well-being. The World Health Organization (WHO) has declared that everyone should be
able to live in a healthy, safe, and environmentally friendly community. Although it is common
knowledge that green buildings save on energy costs, little is known about how green design
principles affect occupant health and indoor air quality[5,14].

This study explores the role of green buildings in creating healthier settings, emphasizing
interior environmental quality and its subsequent impact on human health and comfort. This
research also explores several green building energy optimization technologies and their potential
advantages to indoor human health. The challenges of incorporating these solutions into prevailing
buildings and the prominence of monitoring energy efficiency will be explored.

2. Literature Review

The vital role of green buildings in enhancing indoor environmental quality and human health
is indisputable [15,16]. Consequently, this study evaluates numerous energy optimization measures
for green buildings and investigates their effects on residents' stress levels, mood, productivity, and
thermal, acoustic, and visual comfort. Along with social and behavioral variables, it also emphasizes
environmental issues, architectural design, operation, and maintenance, as well as other factors that
can impact occupant health [8,15-17]. The study discusses various physical and non-physical aspects
that influence indoor environmental quality including indoor air quality, thermal comfort, lighting,
acoustics, and ventilation (Figure-1). This section demonstrates the significant contribution that green
buildings with superior interior environmental quality may make to enhancing human health[18-
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Figure 1. Indoor air quality threats imposed by the ESA.

Recently, green construction has grown in popularity as a method to reduce energy use
efficiently while improving interior environmental quality and human health. Mukhtar et al. (2019)
examined the effects of natural ventilation systems, daylighting strategies, and passive design
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techniques on thermal comfort in green buildings[21]. The building-related elements highlighted
here that may have an impact on tenant health include environmental hazards, architectural design,
social and behavioral concerns, and operation and maintenance [8,9].

Passive design solutions, which include construction methods and materials that enhance
occupant comfort while reducing energy consumption, are also championed as a means to bolster
energy efficiency in green buildings [8,22,23]. According to studies, these measures can reduce energy
usage by raising it to 50% while also enhancing thermal comfort and lowering the danger of airborne
infections. These measures also support to improve acoustics, which leads to better concentration
and mental health results for residents [16,22,24,25]

By utilizing renewable energy technology, green buildings can generate their own heat and
electricity, thus enhancing their energy security and independence [26,27]. A building's carbon
footprint and reliance on nonrenewable energy sources can be significantly reduced by using these
sources. Green roofs and walls are emerging in eco-friendly architecture because of their many
advantages, such as lowering the urban heat island effect, enhancing thermal insulation, decreasing
storm runoff, and improving air quality. Low-volatile organic compound paints, recycled materials,
adhesives, and sustainably obtained wood are all examples of sustainable construction materials that
can reduce a building's environmental impact and promote its indoor air quality[26-29].

2.1. Impacts of Indoor Air Quality

Indoor air quality, abbreviated as IAQ, refers to the air quality within indoor spaces and its
influence on human health, comfort, and productivity. This imposes diversified impacts on the
environment, society, economics, utilization of technologies strategies, and so forth (Figure 1) [6,29].

2.1.1. Environmental

Energy efficiency measures play a critical role in minimizing environmental impacts. These can
be facilitated by utilizing tools for inclusive thermal transfer value calculations, energy modeling,
and implementing high-performance building envelopes [30]. Integrating Building-Integrated
Photovoltaic, abbreviated as BIPV facades, efficient light fixtures, and adopting resource-efficient
building materials play a pivotal role in achieving this objective[6,31].

2.1.2. Economical

Energy efficiency can also play a significant role in attenuating economic impacts. Considerable
cost savings can be realized using life cycle assessment methodologies, cost-benefit analyses, and
green price premiums. Moreover, the application of multi-energy system designs in buildings, such
as solar water heating systems and photovoltaic power generation, contributes to minimizing the
total life cycle cost, thereby enhancing the economic feasibility of sustainable buildings[32].

2.1.3. Social

To mitigate the social impacts, it is essential to innovate new locally available systems that
integrate cultural elements into the social dimension of sustainability[33]. Measuring and comparing
indoor environmental quality against benchmark standards, alongside applying novel analytical
techniques like option-based conjoint experiments, are essential steps. Models integrating renewable
energy, optimized energy consumption, lighting optimization, construction waste management,
storm-water quality control, heat-island effect on roofs, and outdoor and indoor air quality are
valuable for reducing social impacts[34].

2.1.4. Energy Effficiency

Energy efficiency and its management have garnered substantial attention in academic and
industrial research worldwide. Studies conducted since 2011 span diverse areas, from energy
performance, energy management, and energy saving to applying renewable energy sources in
sustainable buildings [7,9]. Even though governments, research institutions, and universities have
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commenced numerous studies in this field, no systematic review may have coherently synthesized
this knowledge toward achieving energy-efficient sustainable buildings[35].

2.1.5. Technology Utilization

Technology plays a pivotal role in achieving energy efficacy in buildings. The active and passive
design of technologies has been utilized for their probable benefits in energy-saving and reduction in
energy demand. Technologies such as double-skin facades have been reviewed for their capacity to
improve indoor thermal comfort and enhance energy effectiveness [6,35].

2.1.6. Techniques and Strategies

Several techniques have been adopted to enhance energy efficiency. A comprehensive review of
comfort management and energy in smart energy buildings involves considerations like occupants'
behavior, simulation of tools, control systems, and supply source contemplations. Retrofitting
strategies, including passive strategies with assessment approaches (life cycle assessment, social and
cost assessment), have been critically reviewed to find optimum retrofitting elucidations [24]. Figure
X discusses environment, social behaviors, and architectural design (ESA).

3. Discussion

Sick building syndrome is characterized by symptoms like eye complications, headaches, sore
throats, chest and nasal congestion, difficulty concentrating, dry skin, and dizziness, and is frequently
associated with building-related illnesses. These symptoms might not prevent individuals from their
daily tasks but often lead to complaints, lost productivity, and dissatisfaction with their work
environment. In short, decades of research have shed light on how buildings influence human health
and affect occupants’ comfort and productivity. A few key factors include environmental hazards,
operation, and maintenance, architectural design, as well as social and behavioral factors (Figure-2).
Environmental hazards encompass biological, physical, radiological, and physical impacts.
Operation and maintenance concern with regular repair and maintenance as well as cleaning.
Architectural design also can be understated because of design, acoustics, ventilation, lighting,
material selection, air quality, and physical activities. Social and behavioral factors also persist due
to the importance of safety, wellness location, mental well-being, and human interactions (Figure-
2)[36,37].
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Figure 2. Visualization of indoor environment and air quality.
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Figure 3. Visualization of the green building design.

Environmental hazards, encompassing physical, biological, radiological, chemical, and
pandemic-related risks, can significantly impact indoor air quality. Physical hazards include airborne
particles from construction activities or natural disasters affecting indoor air quality. Biological
threats encompass the presence of mold, bacteria, viruses, and allergens, leading to respiratory issues
and infections. Radiological threats like radon gas can seep into buildings, posing long-term health
risks like lung cancer[16,38,39]. Chemical hazards arise from volatile organic compounds (V.O.C.s),
formaldehyde, lead, asbestos, and other toxic substances commonly found in building materials,
cleaning products, and furnishings. Pandemic-related threats, as witnessed during the COVID-19
pandemic, emphasize the importance of indoor air quality in preventing the spread of infectious
diseases. Appropriate ventilation, air filtration, and disinfection measures are crucial in mitigating
these environmental threats and maintaining a healthy indoor environment [25,40].

Social and behavioral factors play a significant role in indoor air quality, abbreviated as IAQ, as
they can influence safety, location choices, wellness programs, mental well-being, and human
interaction. Ensuring safety in indoor environments involves promoting awareness of IAQ risks,
implementing preventive measures, and establishing protocols for handling emergencies. Building
location decisions can consider factors such as proximity to pollution sources, access to green spaces,
and availability of clean outdoor air. Wellness programs focusing on IAQ education, regular
maintenance, and promoting healthy behaviors contribute to improved IAQ and overall well-being.
Good TAQ supports mental well-being by creating comfortable and conducive spaces, reducing
stress, and enhancing cognitive function. Furthermore, a healthy indoor environment facilitates
positive human interaction, collaboration, and productivity, fostering a sense of community and
satisfaction among occupants [6,41].

Architectural design is vital for functional, aesthetically pleasing, and healthy indoor
environments. Key considerations include acoustics, ventilation, lighting, selection of materials,
design, physical activity promotion, and indoor air quality. Acoustic design controls sound for clear
communication, while adequate lighting enhances visual comfort. Ventilation ensures fresh air and
pollutant removal. Low-emission materials are chosen for sustainability and indoor air quality. The
design prioritizes functionality and well-being, promoting physical activity. Indoor air quality is
maintained through ventilation and filtration. Incorporating these factors creates healthier, more
sustainable spaces [8,25,40].
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Figure 4. Key health impacts due to indoor air pollution.

3.1. Features Affecting Indoor Environmental Quality

The issues impacting indoor environmental quality and occupants' comfort can be characterized
as physical and non-physical. Physical factors include indoor air quality, thermal comfort, lighting,
acoustic conditions, and ventilation. Non-physical factors are challenges to quality to measure
employed instruments, including safety and security, space layout, and cleanliness.

The IAQ encompasses pollutants from building materials, human activities, outdoor pollutants
infiltrating the building, and its systems and conditions. Poor IAQ can lead to acute and chronic
effects, such as irritation, asthma, headaches, and probable carcinogenicity, depending on the type of
pollutants and duration of exposure. IAQ is intertwined with other in-building factors impacting the
health and comfort of the occupants, such as thermal comfort, lighting, acoustics, and ventilation
[42,43].

Indoor climate quality remains crucial even in the most preeminent of indoor settings. Noise
pollution is detrimental to human health on many levels, and green buildings are specifically built to
reduce this problem [44—46]. They use insulation to control the temperature and humidity, which has
the added benefit of cutting down on outside noise. Using cutting-edge technology to create a carbon-

free future is yet another option for achieving green building goals.[26,41-43].

3.2. Green Building: Improving Well-being and Sustainability

Green buildings are crucial in promoting healthier and more sustainable environments for
occupants. Studies reported that researchers achieve this by enhancing indoor environmental quality
and minimizing negative environmental impacts. Research designates that green buildings
contribute to occupant health by encouraging physical activity and plummeting pollutant exposure
[14,43,47]. Moreover, this also enhances occupant well-being by increasing access to natural light and
educating thermal comfort[14].

3.3. Strategies for Optimizing the Use of Energy in Green Buildings

Several strategies exist for optimizing green building energy performance. Some examples
include passive solar design, high-efficiency lighting and appliances, and the use of renewable energy
sources[21,30,48]. Large windows, south-facing facades, and thermal mass are all components of
passive solar design that help reduce the necessity for artificial cooling and heating [44,49]. Energy-
efficient lighting and appliances can save costs while maintaining comfortable indoor temperatures.
Incorporating renewable energy sources like solar panels and wind turbines can reduce pollution
and help lessen our reliance on fossil fuels[33,43,50,51].
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3.3.1. Integrated Approach for Better Outcomes

An interdisciplinary strategy is necessary to fully comprehend the impact of green buildings on
people's well-being, the natural world, and the economy[52,53]. Green buildings have the potential
to promote occupant contentment and lessen the building's environmental footprint. Many factors,
features, and characteristics of green buildings are relevant to achieving these aims. To reduce energy
consumption and promote IEQ., energy optimization techniques are essential. However, retrofitting
these systems into older structures requires careful design and management[54,55]. The success of
energy optimization techniques may be verified, and their effectiveness can be pinpointed through
cautious monitoring of energy consumption [56,57]. Each facility's operator or owner will have
unique operational practices and physical specifications, which can affect how well these tactics
work. Therefore, operators and owners should consider their exceptional circumstances when
deciding how best to maximize green buildings' energy efficiency[8,15].

3.3.2. Physical and Non-Physical Impacts

The studies reported that green buildings can improve residents' physical and mental health by
improving both the physical and non-physical IAQ components of interior surroundings, including
lighting, temperature, sound, and visual comfort. These all are essential to indoor environmental
quality[39,51]. Furthermore, indoor air quality indicates a considerable impact on people's health.
Green buildings can improve indoor air quality by purifying outdoor air and preventing harmful
contaminants from entering the building. Furthermore, research has shown that pollutants in the
outside environment contribute to increasing pollution and poor interior air quality. Furthermore,
thermal comfort is given more consideration in green buildings than in traditional structures, and
research shows that managing the internal environment can increase people's comfort, physical and
mental health, and productivity[58].

However, it is crucial to recognize that the quality of IEQ remnants is an integral component.
Green buildings address this by reducing external noise levels, thereby improving physical and
mental health [59,60].

3.4. Technologies for Indoor Air Quality Improvement

Heating, ventilation, and air conditioning, termed HVAC systems, are commonly used for
indoor climate control, but they often have limitations in addressing IAQ concerns. While some
HVAC systems incorporate air purification functions, their effectiveness against pathogens like
viruses is limited. Ultraviolet Germicidal Irradiation (UVGI) technology has shown promise in air
purification by disrupting microorganisms' D.N.A[58][61].

Dylos, Foobot, and AirVisual Pro, are also reported as reliable, low-cost devices for PM
monitoring: Among the low-cost devices evaluated in the studies, Dylos, Foobot, and AirVisual Pro
consistently demonstrated promising performance in PM monitoring. These devices showed
moderate to high correlations with reference instruments, indicating their reliability for capturing
mass particle levels in indoor environments. However, it is worth noting that Dylos exhibited a non-
linear response and became less responsive at higher PM levels (Figure 5).

Sharp GP2Y1010AUOF, a specific PM sensor module, was frequently employed in the reviewed
studies for PM measurements. This sensor module showed good agreement with the instruments
used for comparison. It was often integrated into commercially available low-cost devices such as
Foobot, AirAssure, UBAS, and HAPEX (Figure 5)[61-63].

Wi-Fi, a form of wireless networking conforming to IEEE 802.11 standards, is the most popular
choice for JAQ monitoring systems[64]. It is designed to operate in the unlicensed 1.5.M. (5-60 GHz)
band of frequencies. Its quick and secure connectivity makes it an excellent option for IAQ
monitoring. It includes low prices and compatibility with various electronic gadgets, including
mobile phones, PCs, etc. Its dependable, secure, swift, and low-cost benefits make it a popular option
for IAQ monitoring systems' gateway-to-IoT-server connection. Researchers have implemented steps
to address Wi-Fi's drawbacks, such as its limited range, high price tag, and high power consumption.
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They utilized low-cost, low-power, and small-footprint electronics like the ESP8266 and ESP32
modules. Wi-Fi consumption in IAQ monitoring systems can also be optimized by setting connection
time intervals and using the onboard Wi-Fi of devices like the Raspberry Pi (Figure 5)[64-66].

Indoor air quality monitoring systems frequently use Bluetooth, a low-power, low-cost wireless
communication technology based on the IEEE 802.15.1 standard. This allows data transmission
between mobile phones and sensor networks and short-range communication between gateways and
sensors using the 2.4 GHz unlicensed 1.5.M. band[67,68]. About 10% of IAQ monitoring systems rely
on it for two-way communication. It enables smartphones to receive sensor data for processing and
offers sensor values that can be queried. Bluetooth's low price and power consumption are only two
of its many benefits. Inadequate security against eavesdropping, limited transmission coverage, and
the possibility of interference with other wireless communication technologies, such as Wi-Fi, only
constitute some of the drawbacks. Despite these limitations, Bluetooth remains a beneficial
technological advancement[67-69].

IAQ monitors make use of LoRaTM wireless technology. It uses the 868 MHz and 900 MHz
L.5.M. bands and supports transfer rates of 0.3 KB/s to 50 kb/s. LoRa is perfect for outdoor monitoring
because of its low price, low power consumption, and long node battery life. It is widely used as the
conduit for sensor data in the heart of IAQ monitoring to reach the cloud. LoRa's adoption is more
complicated than other communication technologies because it calls for mobile home
gateways[66,69,70]. Furthermore, environmental monitoring data is susceptible to theft due to this
security protocol's shortcomings, such as poor key management and a rudimentary authentication
mechanism. Resultantly, it can't be used for massive innovative home projects (Figure 5).

About one in ten IAQ monitoring systems employs multiple generations of mobile connection
protocols like 2G, 3G, 4G, and GPRS. It is constructive in mobile monitoring systems because it allows
devices to interact via cellular networks. Uncertain monitoring locations call for more expansive
network coverage, a problem that is difficult to handle with today's standard wireless technologies.
Data may be sent, received, and processed over large cellular regions thanks to mobile
communication. LTE can bypass intermediary devices like gateways and data loggers and provide
raw data directly to web servers. However, mobile communication's high price and energy
requirements limit its usage in IAQ monitoring systems[66,71,72].

Visible light communication (V.L.C.) is an alternative to radio frequency (R.F.) wireless
communication for use in IAQ monitoring systems, especially in indoor settings. For both
illumination and wireless communication, V.L.C. uses L.E.D. lights. It enables close-range interaction
within the 6-meter illumination radius of most indoor spaces. There is decreased electromagnetic
interference and better data security using V.L.C., a form of non-RF wireless communication. V.L.C.
is limited in its applicability because it depends on line-of-sight communication and can only be used
in areas with direct visibility. Because of this, V.L.C. is sometimes seen as an alternative to established
R.F. communication technologies for use in enclosed spaces(Figure 5) [70,73].

Z-Wave is a private wireless communication standard developed for use in residential and small
business automation. It may be obtained at a reasonable price and uses little energy. On the other
hand, it can only transmit data at a rate of 40 kbps and has a communication range of only 30 meters.
To get data from sensor nodes to central gateways, Z-Wave is employed for JAQ monitoring. Z-Wave
modules are used at each node to increase the actual transmission distance. However, Z-Wave's
application in IAQ monitoring systems is restricted since it operates in a frequency band that is not
authorized in some countries (Figure 5)[66,74].

Heterogeneous communication, which uses various wireless communication methods, is widely
used in IAQ monitoring systems. Various research has addressed the topic of combining different
forms of communication. Increasing communication efficiency is more difficult to implement than
using a single technology. IAQ monitoring systems frequently use multiple communication protocols
to guarantee interference-free operation and improved data sharing. The transmission of data from
monitors to cloud platforms via a combination of GSM and Wi-Fi, for example, enables real-time
communication customization based on individual circumstances. To supplement medium and long-
range communication, Bluetooth is often opted for. Because of its low price and power consumption,
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Bluetooth is a promising option for combination with other forms of electronic communication.
Sensors and gateways can talk to one another using wireless technologies like Bluetooth (Figure
5)[70,75].

Numerous other technologies and sensors were used in the reviewed studies that employed
various technologies and sensors for IAQ monitoring. These included commercially available low-
cost devices, sensor modules, and custom-built devices. The performance of the low-cost sensors
assessed in the reviewed studies varied depending on the specific sensor and instruments, study
conditions, and the instruments used for comparison. Laboratory studies generally showed higher
correlations between low-cost sensors and reference instruments, indicating good agreement.
However, field studies demonstrated more variability, likely due to uncontrolled environmental
conditions and diverse pollution sources[66,69].

TAQ Monttoring
Semsors / Systems

Wi Fi System

Figure 5. Technological implementation to improve indoor air quality.

3.5. New Zealand -A Case Study

Considering most citizens of New Zealand spend so much time indoors, it is no surprise that Al-
Rawi et al. (2021) performed research and presented a case study on indoor air quality. People in
New Zealand spend many of their lives indoors, making indoor air quality a major issue for their
homes|[61]. Several health problems have been linked to poor IAQ, but respiratory illnesses are the
most common. This case study aims to improve indoor air quality (IAQ) by modifying a dehumidifier
to include germicidal irradiation technology (U.V. light) and superior filtration[61].

A custom-built dehumidifier equipped with ultraviolet lamps, Cam(fil's CityPleat-200, and Dual-
10 30/30 filters were employed. The North Waikato house in rural New Zealand was chosen for the
experiment. Particulate matter (PM2.5) and smaller PM, relative humidity, and temperature were all
measured as baseline IAQ parameters before the IAQIS was implemented. Thermal imaging samples
for mold growth and air quality monitoring with a Camfil sensor were gathered to evaluate the
TIAQIS. The 30/30 filter and U.V. light added to the modified dehumidifier significantly reduced mold
growth, lowered relative humidity and raised the temperature in the space. The relative humidity
dropped by 13.3 percent, and the temperature rose by 4.1 degrees Celsius as a result of this
combination[41,61].

In short, the study's results proved that the modified dehumidifier equipped with U.V. light and
enhanced filtration could improve indoor air quality (IAQ) in homes. This synergistic effect on mold
growth, relative humidity, and temperature was the most noticeable. Sustainable methods to

improve indoor air quality (IAQ) and thermal comfort in older buildings are highlighted.

3.6. Limitations and Benefits of Low-cost Sensors and Instruments

To ensure accurate measurements, the reviewed studies emphasized the importance of regular
calibration and validation of low-cost sensors and instruments using reference instruments.
Calibration should be site-specific and consider factors like temperature and relative humidity[74,76].
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It is crucial to address low-cost sensors' limitations and potential drift over time and under varying
conditions.

Despite variances in performance and the necessity for calibration with reference instruments,
the use of low-cost sensors and instruments for JAQ monitoring is supported; the evaluated studies
overall promote the use of low-cost sensing technologies for IAQ monitoring. Affordability, lower
electricity consumption, and ease of use are all advantages of low-cost sensors and equipment. They
must, however, be entirely independent, as reference instruments are still required for validation and
calibration. Technological advancements include developing low-cost sensors and introducing
intelligent models for continuous calibration[76,77].

Nevertheless, a major amount of the low-cost sensor technology assessed can be used to
qualitatively analyze air quality, offering valuable insights into indoor air conditions and assisting in
personal exposure management. These can also be used as ready-to-use tools, alerting end-users to
potentially high levels of pollutants and allowing them to take easy mitigation actions. Furthermore,
based on the measured ranges, these devices might be considered for quantitative analysis using
calibration models[74,76,77].

In short, the reviewed studies demonstrate the potential of low-cost sensors and instruments for
IAQ monitoring. While this performance varies, they can provide valuable insights into IAQ
conditions when properly calibrated and validated. Future research should explore their applicability
in different indoor environments, expand the range of pollutants studied, and improve their accuracy
and reliability.

3.7. Significance of Sensor Longevity in Research

The duration of a sensor's operational functionality is a crucial aspect that influences its
feasibility and economic efficiency, particularly when used on a wide scale. Utilizing low-cost sensors
may have an initial affordability advantage; nevertheless, it is crucial to consider the potential for
elevated long-term expenses resulting from their limited durability and frequent need for
replacement. Many factors influence longevity, such as the lifecycle of sensors, comparative analysis,
maintenance of sensors, influence on reliability and performance, and financial implications [78-80].

The lifecycle of sensors can be influenced by a range of parameters, including environmental
conditions, usage patterns, component quality, and manufacturing procedures. Incorporating these
factors into the manuscript can yield a more holistic perspective[78-80].

Secondly, a potential avenue for exploration is conducting a comparative analysis of the
durability of several sensors discussed in the research article, including Dylos, Foobot, and AirVisual
Pro. Examining the lifespan of each entity might yield valuable insights regarding their
appropriateness for various applications and scales[79,80].

Thirdly, maintenance requirements refer to the necessary actions or procedures that must be
undertaken in order to ensure the proper functioning and longevity of a particular system. An
inclusive comprehension of the maintenance requirements of sensors is of utmost importance in
evaluating the overall cost of ownership and the viability of implementing extensive
deployments[66,81]. Periodic maintenance typically encompasses many tasks, such as cleaning,
recalibration, software upgrades, and battery replacement.

Fourthly, Insufficient or incorrect maintenance practices can result in diminished operational
efficiency, decreased precision, and potentially the malfunctioning of sensors.

Finally, over the course of time, the accumulation of maintenance expenses might become
significant, especially in deployments of a large size. A comprehensive examination of these expenses
in connection with the initial cost of the sensors can provide a more accurate comprehension of the
financial ramifications associated with using inexpensive sensors[78-80].

3.8. Implication of Architectural Design in Green Buildings

Indeed, the advent of intelligent technologies facilitated IAQ's improvement, but architectural
design cannot be underscored. Architectural design can considerably impact the natural ventilation
within a building [8,36]. Architects can effectively facilitate a continuous influx of fresh air, thereby
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contributing to the mitigation of indoor pollutants and the establishment of a pleasant thermal
environment, through the strategic placement of windows, vents, and openings. Secondly, spatial
planning plays a crucial role in influencing airflow and indoor air quality (IAQ) within a built
environment. The configuration and layout of rooms, corridors, and common areas directly impact
these factors. The implementation of intelligent spatial planning strategies contributes to the efficient
utilization of natural light and the optimization of airflow patterns, resulting in a decreased reliance
on artificial lighting and mechanical ventilation systems[82,83].

Moreover, the integration of architectural design and technology is essential for optimal
outcomes. Architects have the ability to enhance indoor air quality and decrease energy usage by
including various elements like sensors, HVAC systems, and energy-efficient windows in their
designs. This integration of features results in the development of a cohesive system that effectively
achieves both objectives[9,82,84] The utilization of low-VOC materials serves as a preventive measure
against the polluting of indoor air. The emission of dangerous chemicals from paints, varnishes,
flooring materials and adhesives underscores the importance of utilizing certified eco-friendly
materials. The incorporation of renewable and recycled resources in construction practices aligns
with the overarching sustainability objectives of green buildings. These materials have the potential
to mitigate the environmental impact of construction and are frequently accompanied by a reduced
presence of associated contaminants. In addition, construction operations have the potential to
introduce various contaminants, such as dust particles and chemical substances, into the indoor
environment. Implementing appropriate management methods, such as the establishment of dust
control measures and the isolation of construction zones, safeguards the IAQ[82-84].

The adherence to building rules and green building standards, such as LEED, guarantees that
the building satisfies particular IAQ criteria. It offers recommendations pertaining to ventilation, the
selection of materials, and activities related to the building. Frequent assessment of IAQ throughout
and following the construction process guarantees the maintenance of the intended standards within
the structure. Additionally, it facilitates the implementation of necessary modifications in order to
address evolving circumstances and usage trends effectively [7,9].

Incorporating comprehensive analyses of architectural design, building materials, construction
processes, and human behavior should be intricately mingled with the preexisting discourse on
technologies. For instance, elucidate the manner in which HVAC systems can be engineered to
synergize with natural ventilation elements in architectural design, or expound upon the necessity of
selecting building materials based on their capacity to be monitored and regulated for indoor
pollution control through the utilization of sensors[9,83].

It is imperative to emphasize that technology constitutes merely a single component within a
comprehensive and multifaceted strategy for addressing IAQ. Incorporating diverse components,
encompassing both technological and non-technology aspects, plays a pivotal role in formulating a
holistic approach toward preserving and auguring indoor air quality inside sustainable buildings.

3.9. Future Uncertainties and Sustainability Challenges

Recognizing future uncertainties in indoor environment quality evaluations and current
sustainability difficulties in all aspects is critical. Hence, embracing new technologies and analyses is
vital to address these difficulties. Few sustainable development goals also strive to ensure a
sustainable way of life and the well-being of future generations. The green buildings can play a
significant role in enhancing public health and supporting achieving these goals. Physical and non-
physical modifications should be employed in green construction to enhance occupants' thermal,
visual, and auditory comfort(Das et al., 2022; Hak et al., 2016; Xiong et al., 2015a).

Furthermore, in the context of low-cost sensors and instruments, they can be employed to
maintain upright performance while still being useful in indoor situations. However, the accuracy
and precision of both low-cost sensors and instruments, as well as research-grade reference
equipment offered by manufacturers, were occasionally available[87]. The lack of a uniform
calibration approach was crucial in establishing conclusive findings about the sensors employed[66].
The variety of these instruments utilized for comparison, research duration, performance indices, and
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settings or conditions (field-based or lab-based) added to the difficulty of unambiguous
interpretation. All of these elements significantly impact the performance of air quality monitoring
devices. The previous study has also revealed disparities in equipment selection and sampling[66,87].

In addition, the most studied indoor sampling areas were offices and homes and focused on
monitoring IAQ in offices and houses, with specific areas such as kitchens and bedrooms being
commonly sampled [88]. This is because people spend significant time in these indoor environments.
However, the review emphasized the need for studies in other relevant indoor settings, such as
hospitals, vehicles, gyms, and educational premises, where exposure to indoor air pollutants can
have significant health implications[66].

In terms of future trends, developing and implementing intelligent and efficient models capable
of continuous on-field calibration, learning from measured data represents a promising direction.
These models can improve the reliability and precision of low-cost sensing technology. However,
further studies are obligatory to evaluate the viability of low-cost sensors and instruments by
comparing them with federal reference and equivalent methods instead of other instruments. It is
crucial to exercise attention in their use, as they have yet to achieve a similar level of quality as
reference instruments and may struggle to measure extreme pollutant levels accurately.
Implementing new strategies and technologies can refine and improve green building practices.
Subsequently, it can ensure enhanced indoor air quality and human health like visual illustration
(Figure 6).

Factors influencing
Longevity

Comparative Analysis

Lifecycle of sensors

Decision: Replacement needed?

Maintenance of Replace

Sensors Sensors?
Decision: Maintenance required? Yes
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Maintain Financial
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Financial and No Continue using
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e
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Continue using Necessary
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Figure 6. Factors influence longevity of the sensors.
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Figure 7. Visual demonstration of improved green building practices.

4. Conclusion

In conclusion, this in-depth analysis shows how green buildings and energy optimization
measures can dramatically improve both IEQ. and occupant health. Green buildings lower their
carbon footprint and improve the health and comfort of their occupants by implementing energy-
efficient practices. Green buildings provide a bright and sustainable future for future generations by
putting the needs of their occupants first in terms of comfort, health, and productivity.

This research shows how important IAQ is to the well-being, contentment, and productivity of
building occupants in green buildings. Passive design, renewable energy utilization, and intelligent
technology are all examples of energy optimization approaches that can help increase energy
efficiency and increase (IAQ metrics like thermal comfort, acoustic quality, and illumination.

The advantages and disadvantages of inexpensive sensors and devices for JAQ monitoring are
also discussed. Although these tools provide helpful information, they must be appropriately
calibrated and validated against standard instruments to assure accuracy and reliability.

The review concludes with a need for more investigation into IAQ beyond commercial and
residential buildings. The development of intelligent models for on-field calibration bolsters the
potential for improved performance and utility of low-cost sensors. This extensive review also
concludes that green buildings, energy optimization measures, and cutting-edge technologies
significantly contribute to a healthier indoor environment and a more sustainable future. In the long
run, refining and improving green building practices to address the construction sector's difficulties
and ensure enhanced indoor air quality and human health requires collaborative efforts with
researchers from numerous disciplines.
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