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ABSTRACT 

In the modern era, the rapid expansion of infrastructure is a crucial indicator of a country's development. 

However, this growth must be balanced with environmental conservation to ensure the well-being of 

humans and other living organisms. These days, one of the most important measures of a nation's progress 

is the speed at which its infrastructure is growing. To protect the health of people and other living things, 

this expansion must be balanced with environmental preservation. In addition to being a major force 

behind development, the construction sector is a major contributor to environmental pollution, accounting 

for around 40% of air pollution. The main offenders are the manufacturing and shipping of building 

supplies, especially steel and cement. Significant volumes of CO2, a greenhouse gas that damages the 

ozone layer and intensifies global warming, are released during these processes. About 5–10% of global 

anthropogenic CO2 emissions come from the production of steel, whereas 8–10% come from the 

production of cement. Both the environment and human living circumstances are negatively impacted by 

these pollutants. Even while it is difficult to completely eradicate CO2 and other greenhouse gas 

emissions, implementing sustainable lifestyle choices, like developing green structures, provides a 

workable way to reduce them. The secret to sustainability in green building is energy efficiency. For many 

firms, reducing energy use in construction is beginning to present a substantial improvement opportunity. 

This study will determine the advantages of energy efficiency, investigate strategies for implementing 

energy-efficient practices in green buildings, and investigate the challenges associated with achieving 

energy efficiency in green buildings. Despite the fact that green buildings consume less energy than 

conventional buildings, energy efficiency is still difficult to attain because of some obstacles to its 

implementation. A green building is a sustainable, clean structure that is easy to maintain, made of natural 

materials, requires little energy—and renewable energy—and is reasonably priced. lowering pollution, 

waste, and environmental damage. The phrase "green building" refers to structures that are planned, built, 

and maintained to have as little of an impact as possible on the environment, both indoors and out. The 

term "green tech" describes the application of science and technology to reduce the negative effects of 

human activity on the environment and safeguard global natural resources. In order to improve thermal 

performance, water efficiency, indoor air quality, and resource conservation, this design combines 

innovative architecture, energy-efficient technologies, and environmentally friendly building materials. 

The utilization of solar panels, energy-efficient HVAC systems, LED lighting, passive heating and cooling 

designs, and smart automation systems are important tactics. In order to reduce their negative effects on 

the environment, green buildings also prioritize the use of recycled materials, rainwater collection, natural 

ventilation, and insulating measures. This study will determine the advantages of energy efficiency, 

investigate strategies for implementing energy-efficient practices in green buildings, and investigate the 
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challenges associated with achieving energy efficiency in green buildings. The quality of interior 

environments has not been discussed with many particular criteria or recommendations for building 

construction, design, or operation. Although indoor air quality is frequently mentioned in building projects 

referred to as green building demos, these mentions are frequently broad and qualitative. Furthermore, the 

rating systems created to evaluate a building's "greenness" are not really focused on interior air quality; 

instead, they are mostly cantered on architectural elements. This study examines interior air quality 

characteristics that are taken into account in rating systems, demonstration projects, and debates about 

green buildings. The comprehensiveness and specificity of these green building attributes are examined, 

and they are contrasted with other construction, design, and operating guidelines for healthy indoor air 

quality. 

A description of the building's indoor air quality features and the findings of a brief assessment of the 

building's indoor air quality that involved ventilation and measurements of pollutant concentrations are 

included in this study. Using environmentally friendly and resource-efficient methods throughout the 

building lifecycle—site selection, design, construction, operation, maintenance, restoration, and 

demolition—is known as the "green building" idea. These days, cutting carbon dioxide (CO2) emissions 

and avoiding an ozone layer hole are the main concerns. Several new environmental issues have been 

effectively addressed in recent years by concerted international action. Nevertheless, we have never faced 

a threat as severe as the current climate catastrophe, and as such, we need to take far more action. Utilizing 

sustainable and energy-efficient buildings will become essential for future generations as a result of the 

increased focus on green buildings in society today. 

 

KEYWORDS: Building design, green buildings, energy efficiency indoor air quality, standards, 

sustainable buildings, ventilation, Indoor Air Pollution (IAP), Air Quality Index (AQI), Air Quality Index 

(AQI), Particulate Matter (PM2.5, PM10), Volatile Organic Compounds (VOCs), Carbon Monoxide 

(CO), Nitrogen Dioxide (NO₂), Radon Gas, Ozone (O₃). 

 

Introduction to Indoor Air Quality 

Indoor Air Quality (IAQ) refers to the air quality within and around buildings and structures, especially as 

it relates to the health and comfort of building occupants. Understanding and controlling common 

pollutants indoors can help reduce risk of indoor health concerns. Indoor Air Pollution means any air 

quality contamination within and around buildings and structures. 
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Indoor air pollution (IAP) is a serious threat to human health, causing millions of deaths each year, 

Research on the urban population has confirmed that people spend more than 90% of their daily lifespan 

in indoor environments. Apart from residential indoor environments, people spend a large proportion of 

their time in offices, educational institutes, and other different commercial and industrial buildings. 

However, research on air quality has mostly focused on the outdoors, whereas indoor air quality (IAQ) 

and its impacts have received considerably less attention until the last decade Recently, both scientists and 

the public have focused on risks associated with IAQ because research has established that indoor air is 

more contaminated than outdoor air. Due to continuous changes in living style and the materials used in 

indoor environments, there have been significant changes in terms of the nature and complex compositions 

of indoor air pollutants, which opens up avenues that need to be investigated in detail. Indoor environment 

conditions contribute greatly to human wellbeing, as most people spend around 90% of their time indoors, 

mainly at home or in the workplace. 

It has been indicated that IAQ in residential areas or buildings is significantly affected by three primary 

factors (i) Outdoor air quality, (ii) human activity in buildings, and (iii) building and construction 

materials, equipment, and furniture. It is known that outdoor contaminant concentrations and building 

airtightness have a great influence on IAQ, due to the possibility of transportation of contaminants from 

outdoors to indoors.  As outdoor pollutants’ concentrations increase, they are transported from outdoors 

to the indoor environment via ventilation. Hence, the correlation of outdoor air pollution with IAQ highly 

depends on the ventilation rate additionally to the lifetimes and mixing ratios of such pollutant. Human 

daily activities generally cause IAP by the discharge of waste gases, tobacco smoke, pesticides, solvents, 

cleaning agents, particulates, dust, Mold, fibres, and allergens. Humans also create favourable conditions 

for the development of millions of Molds, fungus, pollen, spores, bacteria, viruses, and insects, such as 

dust mites and roaches. Combustion sources and cooking activates contribute to carbon dioxide (CO2), 

sulphur dioxide (SO2), CO, nitrogen dioxide (NO2), and particulate matter (PM) emissions into indoor 

air environments. In addition, equipment, such as computers, photocopy machines, printers, and other 

office machines, emit ozone (O3) and volatile compounds. Common building materials, such as poly 

(vinyl chloride) PVC floor covering, parquet, linoleum, rubber carpet, adhesive, lacquer, paint, sealant, 

and particle board, can shed toxic compounds (i.e., alkanes, aromatic compounds, 2-ethylhexanol, 

acetophenone, alkylated aromatic compounds, styrene, toluene, glycols, glycol esters, hexanol, ketones, 

esters, siloxane, and formaldehyde). Importantly, the design and operation of ventilation systems also have 

a significant influence on IAQ. Due to superseding the stale indoor air by the fresh outdoor air, ventilation 

creates suitable IAQ and a healthy indoor environment. There are several benefits for the operation of 

ventilation in a building , including: (i) Providing oxygen and fresh air for human respiration; (ii) diluting 

indoor air pollutants to reach the short-term exposure limits of harmful contaminants as well as Odors and 

vapours; (iii) using outdoor air with a low aerosol concentration to control aerosols inside buildings; (iv) 

controlling internal humidity; and (v) creating proper air distribution and promoting healthy and 

comfortable environment. Ventilation systems can be classified into two types, including: (i) Mechanical 

ventilation systems that use mechanical equipment, such as fans or blowers; and (ii) natural ventilation 

systems, which are the exchange processes between indoor air and out indoor without using mechanical 

equipment. Although natural ventilation systems may be well adopted by the occupants, they are 

insufficient in some buildings or climates. These days, mechanical ventilation systems have been 

commonly used in buildings, which significantly increases energy consumption. Thus, hybrid ventilation 

systems are designed to take advantage of both mechanical and natural ventilation systems, in order to 
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decrease energy consumption and increase the use of sustainable technologies. In hybrid ventilation 

systems, the shortcomings of natural ventilation will be compensated by mechanical components. In 

summary, in heating, ventilation, and air conditioning (HVAC) systems of buildings, ventilation plays a 

key role in creating suitable IAQ, but it is also responsible for energy consumption. Therefore, improving 

ventilation systems in buildings is the key issue not only for enhancing energy efficiency but also for 

providing better IAQ to the occupants and minimizing the possibility of health problems as a consequence. 

This paper discusses the relationship between IAQ and energy efficiency, with outdoor air ventilation 

being the primary connection. A number of strategies that are currently being used or proposed to provide 

both improved IAQ and energy efficiency are highlighted including increased envelope airtightness, heat 

recovery ventilation, demand-controlled ventilation, and improved system maintenance. In addition, the 

manner in which various green and sustainable building programs, standards and guidance documents 

address IAQ is reviewed. These programs and documents are driving the move towards sustainable 

buildings, and the manner in which they consider IAQ is critical to achieving energy efficient buildings 

with good indoor environments. 

In the face of rising energy demands, climate change, and rapid urbanization, the concept of energy-

efficient green buildings has emerged as a sustainable solution to modern construction challenges. A green 

building is designed to reduce the overall impact of the built environment on human health and the natural 

ecosystem by efficiently using energy, water, and other resources, while minimizing waste, pollution, and 

environmental degradation. Energy-efficient green buildings integrate advanced technologies, smart 

design strategies, and eco-friendly materials to achieve high performance. They are engineered to optimize 

natural lighting and ventilation, reduce the need for artificial heating or cooling, and incorporate renewable 

energy systems such as solar panels or wind turbines. By doing so, these buildings not only conserve 

resources but also reduce greenhouse gas emissions, lower operational costs, and improve the comfort and 

health of occupants. The adoption of green building practices represents a critical step towards achieving 

global environmental goals and promoting sustainable urban development. As awareness and demand 

grow, energy-efficient green buildings are becoming the cornerstone of modern architecture and a model 

for responsible construction in the 21st century. Sustainable and energy-efficient building standards are 

becoming more and more important, which has increased demand for innovative design solutions that 

strike a balance between environmental impact and energy efficiency. 
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Indoor air pollution comes from a variety of sources within homes, offices, and other buildings. These 

sources release gases or particles into the air, contributing to poor indoor air quality. 

 

Some major sources of indoor air pollution: 

1. Combustion Sources: 

Fuel-burning appliances: Stoves (gas, wood), space heaters (kerosene, gas), furnaces, fireplaces, water 

heaters, and clothes dryers that burn fuels like natural gas, oil, kerosene, coal, or wood can release 

pollutants like Carbon Monoxide (CO), Nitrogen Dioxide (NO2), and Particulate Matter (PM). Improper 

installation, maintenance, or venting significantly increases emissions. 

Tobacco Smoke: Environmental Tobacco Smoke (ETS) or second-hand smoke contains thousands of 

chemicals, including carcinogens and particulate matter. 

Candles and Incense: Burning these can release particulate matter and potentially Volatile Organic 

Compounds (VOCs). 

2. Building Materials and Furnishings: 

Materials containing Asbestos: Found in older buildings in insulation, roofing, flooring tiles, and textured 

paints. Fibers can become airborne if disturbed. 

Pressed Wood Products: Items like particleboard, plywood, and medium-density fibreboard (MDF) used 

in cabinetry, furniture, subflooring, and panelling can release Formaldehyde (HCHO), a VOC. 

Paints, Varnishes, Adhesives, and Sealants: These can release VOCs during and after application. 

Carpets and Rugs: Can trap pollutants like dust mites, pet dander, Mold spores, pesticides, dirt, and lead 

dust. Some new carpets can also emit VOCs ("off-gassing"). 

Lead-based Paint: Found in homes built before 1978. Chipping or disturbed paint creates lead dust. 

3. Household Products: 

Cleaning and Maintenance Products: Cleaners, disinfectants, polishes, waxes, and solvents often contain 

VOCs and other chemicals. 

Personal Care Products: Aerosol sprays, perfumes, and cosmetics can release VOCs. 

Air Fresheners: Can emit VOCs and other chemicals. 

Pesticides: Products used to control insects, rodents, fungi, or weeds can release harmful 

chemicals.   Hobby Supplies: Glues, paints, and solvents used for hobbies can be sources of VOCs. 

4. Biological Contaminants: 

Mold and Mildew: Grow in damp areas due to excess moisture (leaks, high humidity, condensation). They 

release spores that can trigger allergies and respiratory issues. 

Dust Mites: Microscopic organisms thriving in dust, bedding, upholstery, and carpets. Their body 

fragments and waste are common allergens. 

Pet Dander: Skin flakes, saliva, and urine from pets (cats, dogs, rodents, birds) can cause allergic reactions. 

Pollen: Can enter from outdoors. 

Bacteria and Viruses: Can circulate indoors, particularly in poorly ventilated areas or via contaminated 

HVAC systems. 

Cockroaches and other Pests: Their droppings and body parts are allergens. 

5. Outdoor Sources Penetrating Indoors: 

Radon (Rn): A naturally occurring radioactive gas that seeps into buildings from the soil and rock beneath 

through cracks in foundations, floors, or walls. It is a significant cause of lung cancer. 
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Outdoor Air Pollution: Pollutants like particulate matter, ozone (O3), Nitrogen Dioxide (NO2), and 

Sulphur Dioxide (SO2) from traffic, industry, and other outdoor sources can enter through open windows, 

doors, ventilation systems, and cracks. 

Pesticides: Can drift indoors from outside applications or be tracked in on shoes. 

Soil Gases: Other gases from the soil can also enter buildings. 

6. Inadequate Ventilation: 

While not a source itself, poor ventilation concentrates pollutants from other indoor sources by failing to 

bring in enough fresh outdoor air for dilution and carry indoor pollutants out. Tightly sealed, energy-

efficient buildings can sometimes exacerbate this issue if mechanical ventilation is insufficient. 

These sources can release pollutants continuously or intermittently, and factors like temperature, humidity, 

and occupant activities can influence indoor air pollutant concentrations. 

 

 
 

Indoor air pollution can have a wide range of effects, impacting health, comfort, and even the building 

structure itself. The specific effects often depend on the type of pollutant, its concentration, the duration 

of exposure, and individual sensitivity. 

7. HVAC Systems & Appliances 

• Dirty air filters 

• Contaminated ducts 

• Humidifiers and dehumidifiers 

• Poorly maintained air conditioners 

8.Outdoor Pollutants Entering Indoors 

• Vehicle exhaust 

• Industrial fumes 

• Pollen and dust 

• Smoke (e.g., from wildfires or burning trash) 

Entry Points: Open windows, doors, poor sealing 

9. Human Activities 

• Smoking indoors 

• Cooking (especially frying and grilling) 

• Use of printers and copiers 

• Hobbies involving paints, glues, or chemicals 

https://www.ijfmr.com/
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Health Effects: 

These can range from mild, short-term discomfort to serious, long-term diseases. 

1. Short-Term (Acute) Effects: 

 
Often appear soon after exposure and can be similar to colds or other viral illnesses, making it hard to 

pinpoint the cause initially. Irritation of the eyes, nose, and throat Headaches ,Dizziness and 

fatigue,Nausea,Shortness of breath,Aggravation of asthma and allergies (sneezing, coughing, 

wheezing),Skin irritation 

2. Long-Term (Chronic) Effects: 

Respiratory Diseases: Cardiovascular Diseases: .Cancer: Neurological Effects:.Reproductive Problems: 

Increased Susceptibility to Infections: Compromised respiratory systems can be more vulnerable to 

infections. 

Discomfort: Unpleasant odors, stuffiness, and general discomfort can affect well-being. 

Reduced Productivity: Poor air quality in offices and schools can lead to fatigue, difficulty concentrating, 

and increased absenteeism ("Sick Building Syndrome" symptoms). 

 

The primary research objective of energy-efficient green buildings is to minimize the consumption of 

non-renewable energy resources while maximizing the use of sustainable and renewable energy sources 

such as solar, wind, and geothermal. This involves designing buildings that significantly reduce energy 

demand through smart architectural planning, insulation, and efficient systems. The research also focuses 

on reducing greenhouse gas emissions, improving indoor environmental quality, and promoting the use of 

cost-effective and eco-friendly construction materials. Ultimately, the goal is to develop building solutions 

that are environmentally responsible, economically viable, and socially beneficial. The research objective 

of energy-efficient green building focuses on minimizing environmental impact and optimizing resource 

usage while enhancing human health and well-being. This involves reducing energy and material 

consumption, improving indoor air quality, and promoting sustainable building practices throughout the 

lifecycle. 
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Goals of Energy Efficient Green Buildings: 

• Reduce carbon footprint 

• Conserve non-renewable energy 

• Lower utility bills 

• Create a healthier living/workspace 

• Promote sustainable urban development 

• Improve indoor air quality 

 

Environmental Benefits: 

• Reduced Resource Consumption: Green buildings are designed to minimize waste of water, energy, 

and other natural resources. 

• Lower Carbon Emissions: Energy-efficient features and sustainable materials contribute to 

reduced greenhouse gas emissions, helping mitigate climate change. 

• Improved Air and Water Quality: Green buildings use low-VOC materials, efficient ventilation, 

and water-saving fixtures, enhancing indoor air quality and conserving water resources.  

• Preservation of Natural Habitats: Sustainable construction practices minimize disruption to natural 

landscapes and ecosystems. 

• Reduced Waste: Green building strategies promote waste reduction through material reuse, 

recycling, and composting. 

 

Economic Benefits: 

• Lower Operating Costs: Energy-efficient features and water-saving technologies can significantly 

reduce utility bills. 

• Reduced Maintenance Costs: Durable materials and efficient systems minimize maintenance 

requirements, lowering long-term costs. 

• Improved Indoor Air Quality: Green building practices, such as using low-VOC materials and 

proper ventilation, can significantly improve indoor air quality, benefiting occupant health.  

 

Challenges in Implementing Green Buildings Concept 

India has a number of obstacles when it comes to implementing green buildings, such as high upfront 

expenditures, low awareness, a shortage of competent personnel, and insufficient regulatory frameworks. 

Green building uptake is further hampered by limited availability to sustainable materials, lax enforcement 

of building rules, and the belief that green buildings are too costly 

High Initial Costs: Compared to traditional options, green building materials and technology can be more 

costly, which limits their accessibility, particularly for projects with tight budgets.  

Developers and owners may be put off by the initial expenditures; therefore, creative financing schemes 

and incentives are needed to overcome this problem. 

Lack of Education and Awareness: Scepticism and resistance to change might result from a lack of 

public knowledge and comprehension of green construction concepts and their advantages. Architects, 

engineers, and builders are among the stakeholders who must be informed about the long-term financial 

and ecological advantages of green buildings. 

Lack of Skilled Labor: Advancement may be impeded by a shortage of qualified experts with the specific 

training and expertise needed for the design and construction of green buildings. Initiatives and training 
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programs are required to give the workforce the know-how to successfully apply green building 

techniques. 

Inadequate Regulatory Frameworks: Project teams may face compliance issues as a result of building 

rules and laws that do not sufficiently address sustainable construction. Regulations must adapt to the 

changing environment of green building techniques and technologies. 

Access to Sustainable Materials: In the early phases of green building adoption, it can be difficult to find 

and afford sustainable construction materials. 

 

To guarantee that sustainable resources are available at competitive prices, local production and supply 

chains must be established. 

 

Weak Enforcement of Building Codes: Adoption of green buildings may be hampered by the non-

implementation or lax enforcement of building codes, such as the Energy Conservation Building Code 

and the National Building Code. 

 

Improving indoor air quality which enhances energy efficiency in buildings. 

 
 

Indoor air quality 

Indoor Air Quality (IAQ) refers to the air quality within and around buildings, focusing on its impact on 

the health and comfort of occupants. Factors: IAQ is influenced by pollutants, temperature, humidity, and 

ventilation. Green buildings put an emphasis on indoor air quality (IAQ) by implementing air filtration 

systems, enhancing ventilation, and employing low-VOC materials. These measures help reduce 

pollutants and create healthier, more comfortable environments for occupants. 

The provision of housing for people to live, work, and study is one of a building's most crucial roles. High-

performance, energy-efficient buildings must fulfill these purposes and, in comparison to more 

conventional structures, may even enhance occupants' comfort, productivity, and general well-being. IAQ 

and ventilation have been linked to occupant health and performance on numerous occasions in the past, 

notably in important EPA planning documents (EPA 2001; Girman and Brunner 2005) and the report of 

the 2005 Surgeon General's Workshop on Healthy Indoor Environments (DHHS 2005). These documents 

highlight the necessity of taking into account the IAQ effects of building energy efficiency technology as 

well as the significance of having appropriate IAQ in order to achieve high-performance buildings. 

National Air Quality Index: Air Quality Index is a tool for effective communication of air quality status to 

people in terms, which are easy to understand. It transforms complex air quality data of various pollutants  
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into a single number (index value), nomenclature and color.  There are six AQI categories, namely Good, 

Satisfactory, moderately polluted, Poor, Very Poor, and Severe. Each of these categories is decided based 

on ambient concentration values of air pollutants and their likely health impacts (known as health 

breakpoints). AQ sub-index and health breakpoints are evolved for eight pollutants (PM10, PM2.5, NO2, 

SO2, CO, O3, NH3, and Pb) for which short-term (up to 24-hours) National Ambient Air Quality 

Standards are prescribed. 3. Based on the measured ambient concentrations of a pollutant, sub-index is 

calculated, which is a linear function of concentration (e.g. the sub-index for PM2.5 will be 51 at 

concentration 31 µg/m3, 100 at concentration 60 µg/m3, and 75 at concentration of 45 µg/m3 the worst 

sub-index determines the overall AQI. 

 

 
 

INDOOR AIR QUALITY PARAMETERS OF PM2.5 AND PM10 

For good indoor air quality, PM2.5 safe levels should ideally be below 5 micrograms per cubic meter 

(µg/m³). The World Health Organization (WHO) recommends an annual average of 5 µg/m³ and a 24-

hour average of 15 µg/m³ 

For safe indoor air quality, PM10 levels should ideally be kept below 54 μg/m³. The WHO recommends a 

24-hour average of 45 μg/m³. Generally, keeping PM10 levels below 54 μg/m³ is considered the best way 

to minimize health risks 

 

The following variables affect indoor PM10 and PM2.5 levels: 

Outdoor Air Quality: Because pollutants can enter through windows and doors, indoor PM10 levels can 

be affected by the outdoor air quality. 

Indoor Sources: PM10 levels can be influenced by a variety of indoor activities and materials. These 

consist of dust from daily life, cooking, cleaning, and candle burning 

Ventilation: Improper ventilation within a house can trap pollutants, such as PM10. 

Human Activities: In indoor environments, walking, vacuuming, and other activities can also cause PM10 

resuspension. 
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Indoor Air Quality Standards (Selected Pollutants) 

Pollutant WHO Limit 
U.S. EPA Limit 

(Indoor/Outdoor Reference) 

CPCB (India) 

(Ambient Reference) 

PM2.5 
10 µg/m³ (annual avg)  

25 µg/m³ (24-hr) 

12 µg/m³ (annual avg)  

35 µg/m³ (24-hr avg) 

40 µg/m³ (annual)  

60 µg/m³ (24-hr avg) 

PM10 
20 µg/m³ (annual avg)  

50 µg/m³ (24-hr) 
150 µg/m³ (24-hr avg) 

60 µg/m³ (annual)  

100 µg/m³ (24-hr avg) 

Carbon Monoxide 

(CO) 

10 mg/m³ (8-hr avg)  

30 mg/m³ (1-hr avg) 

9 ppm (10 mg/m³) (8-hr avg)  

35 ppm (1-hr avg) 

2 mg/m³ (8-hr)  

4 mg/m³ (1-hr) 

Nitrogen Dioxide 

(NO₂) 

40 µg/m³ (annual avg)  

200 µg/m³ (1-hr) 

53 ppb (100 µg/m³) (annual)  

100 ppb (1-hr avg) 

40 µg/m³ (annual)  

80 µg/m³ (24-hr avg) 

Formaldehyde 

(HCHO) 
0.1 mg/m³ (30-min avg) 0.1 ppm (approx. 0.12 mg/m³) 

0.1 mg/m³ (short-term 

exposure) 

Ozone (O₃) 100 µg/m³ (8-hr avg) 70 ppb (137 µg/m³) (8-hr avg) 100 µg/m³ (8-hr avg) 

Radon (Rn) 
100 Bq/m³ 

(recommended max) 
148 Bq/m³ (4 pCi/L) 

Not specifically 

regulated 

 

Indoor Air Quality Standards (Selected Pollutants 

RESEARCH METHODOLOGY 

Improving Indoor Air Quality (IAQ) in Energy-Efficient Buildings 

Design of the Research 

This study uses a mixed-method approach, integrating qualitative evaluation (occupant perception 

questionnaires) with quantitative data collection (sensor-based IAQ monitoring). 

Descriptive and analytical in nature, the design seeks to assess present IAQ levels, pinpoint pollution 

sources, and suggest enhancements in line with energy-saving measures. 

 

The Methodology's Goals 

to evaluate the amounts of seasonal indoor air pollutants in a few energy-efficient structures. 

to evaluate how well active and passive ventilation systems work. 

to assess the connection between IAQ and building energy efficiency strategies. 

to suggest comprehensive methods for preserving adequate IAQ without sacrificing energy efficiency. 

 

Data Collection Methods 

Both primary and secondary sources are used in the data collecting for this study. Structured occupant 

surveys and sensor-based indoor air quality (IAQ) monitoring are used to collect primary data. Air quality 

measurement equipment is placed in specific buildings for continuous observation for at least 72 hours 

per season, encompassing summer, monsoon, and winter, as part of sensor-based monitoring. Particulate 

matter (PM2.5 and PM10), which signal dust and airborne particles; carbon dioxide (CO₂) levels, which 

aid in determining the suitability of ventilation; volatile organic compounds (VOCs) released from paints, 

furniture, and household cleaners; carbon monoxide (CO) from sources like cooking and garages; 

temperature and relative humidity, which are important markers of thermal comfort and possible mold 
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growth, are among the crucial IAQ parameters that the sensors record. To collect precise and pertinent 

data, monitoring equipment is positioned thoughtfully in often used indoor spaces such as living rooms, 

bedrooms, kitchens, and schools. 

Building occupants are asked to complete a structured survey in addition to the sensor data in order to 

gather qualitative data regarding their comfort and well-being. In addition to the use and efficacy of 

ventilation equipment, such as air conditioners, exhaust fans, and natural ventilation through windows, 

the survey asks about the frequency of respiratory complaints like allergies, coughing, and headaches. In 

addition, participants are questioned about their everyday activities, such as cooking, smoking indoors, or 

using air purifiers, which can have a big impact on indoor air quality (IAQ), as well as how they feel about 

the quality of the air—whether it feels stuffy, fresh, dry, or moist. 

Through an examination of pertinent literature and standards, secondary data collecting bolsters the 

primary findings. This includes guideline values for contaminants as established by the World Health 

Organization (WHO), Bureau of Indian Standards (BIS), and ASHRAE, as well as national and 

international studies on indoor air quality in the Indian setting. In order to investigate relationships 

between energy-saving measures and IAQ performance, energy audit reports of the buildings under study 

are also examined, if they are accessible. Lastly, the impact of outdoor air conditions on indoor air quality 

is taken into consideration by using weather and ambient pollution data from reliable sources like the 

Central Pollution Control Board (CPCB) and the India Meteorological Department (IMD). 

 

Tools and Instruments 

Tool/Device Purpose 

Air Quality Meter Measuring PM, VOC, CO₂, CO 

Thermo-hygrometer Tracking temperature and humidity 

Sound Level Meter Optional—if noise is considered 

Questionnaire For occupant feedback 

Excel / SPSS Data entry, tabulation, correlation 

Design Builder 

AutoCAD 
Simulating energy vs ventilation trade off 

(Ways to Improve Indoor Air Quality (IAQ) in green building) Tools and Instruments 

 

Key Elements of Energy efficient Green Building Methodology: 

Essential Components of Green Building Practices: A number of fundamental components form the basis 

of the green construction methodology, which collectively encourage resource efficiency, environmental 

responsibility, and human well-being. The following components act as the cornerstones of sustainable 

building and operation. 

Siting and Design Efficiency: Siting and design efficiency is a foundational element of green building 

methodology, emphasizing how the location and layout of a building can significantly influence its 

energy performance, environmental impact, and occupant comfort. It involves making strategic 
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decisions during the earliest stages of project development to align the building with natural systems and 

optimize its interaction with the surrounding environment. 

Passive Solar Design: Utilizing natural sunlight for heating and lighting. Passive solar design takes 

advantage of the sun's natural energy to heat and light buildings without relying on mechanical 

systems. Key features include: 

• South-facing orientation (in the northern hemisphere) to capture maximum solar gain in winter.  

• Thermal mass materials like concrete or brick to absorb and store solar heat. 

• Properly sized overhangs or shading devices to prevent overheating in summer. 

• Use of high-performance glazing to control heat transfer and daylight entry. 

This strategy reduces reliance on artificial heating and lighting, leading to significant energy savings. 

Green Roofs: These are vegetative systems integrated into a building’s exterior envelope, serving 

multiple ecological and performance-enhancing functions: 

Reduce the urban heat island effect by absorbing sunlight instead of reflecting it.Manage stormwater 

runoff by absorbing rainwater. Extend roof lifespan and provide usable green space. A rooftop garden, 

sometimes referred to as a terrace garden or "green roof," is a garden that is planted on a building's roof. 

A unique approach to make use of urban space, rooftop gardens can produce food in addition to offering 

functional solutions like leisure rooms and insulation. Rooftop gardens, also known as green roofs, are 

increasingly being adopted as innovative solutions in sustainable urban design. They serve multiple 

purposes, ranging from purely aesthetic applications—featuring ornamental plants, flowers, and 

landscaped sitting areas—to functional uses such as cultivating edible plants like vegetables, herbs, and 

fruits. This dual nature makes rooftop gardens both visually appealing and practically beneficial, 

especially in densely populated urban areas where ground-level green space is limited. 

The structure of rooftop gardens can vary widely depending on the building type and intended use. Simple 

systems may involve lightweight container gardens with potted plants, while more advanced installations 

incorporate engineered green roof systems with features such as raised beds, integrated irrigation 

systems, vertical gardens, and pergolas. Some designs even support hydroponic or aquaponic setups for 

intensive food production. 

The benefits of rooftop gardens are extensive. They significantly enhance a building’s thermal 

insulation, reducing heat gain in summer and heat loss in winter, thus lowering energy costs. They provide 

valuable recreational and relaxation spaces, contribute to urban biodiversity, reduce stormwater runoff 

by absorbing rainwater, and help mitigate the urban heat island effect. Moreover, when used for food 

production, they contribute to urban agriculture, reducing the carbon footprint associated with 

transporting produce. 

However, the success of a rooftop garden depends heavily on thoughtful planning and engineering. 

Critical design considerations include evaluating the load-bearing capacity of the roof to support soil, 

water, and vegetation weight. Proper drainage systems must be installed to prevent waterlogging and 

structural damage. Waterproof membranes are essential to protect the building from moisture 

infiltration, while drainage layers and root barriers help maintain the system’s integrity. The selection of 

plant species should be guided by local climate conditions, wind exposure, and maintenance 

requirements. Access to water, ease of maintenance, and safety features such as railings also need to be 

addressed during the planning phase 
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Rooftop gardens 

 

Living Walls (Vertical Gardens): Vertical Gardens with Living Green Walls Living green walls, sometimes 

referred to as vertical gardens, green walls, living walls, or Eco walls, are vertical constructions covered 

in vegetation that is cultivated using conventional soil-based systems or hydroponic methods. Both indoors 

and out, these works can be standalone pieces or installed straight onto pre-existing walls. An integrated 

irrigation and drainage system to effectively deliver water and nutrients, as well as a frame or panel system 

that supports plant life through a growing medium, are the standard components of a living green wall. 

Designing a living green wall requires careful selection of plant species based on light availability, 

temperature, humidity, and maintenance needs. Common choices include ferns, succulents, pathos, and 

air-purifying plants like spider plants or peace lilies. Structural and maintenance considerations include 

providing access for pruning and system inspection, ensuring adequate sunlight or artificial grow lighting, 

and integrating automated watering systems to sustain healthy plant growth. 

By blending aesthetics with sustainability, living green walls are becoming a popular feature in green 

building design, offering a dynamic solution for space optimization, ecological restoration, and improved 

human interaction with nature. 

Enhance air quality by filtering pollutants and CO. Contribute to sound insulation and noise reduction. 

Improve biodiversity in urban areas by offering habitat to insects and birds. Green Roofs and Living 

Walls: Reducing urban heat island effect, improving air quality. 
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Vertical gardens 

 

Natural Ventilation and Lighting 

Increase the amount of ventilation 

Natural Ventilation: To replace indoor contaminants with fresh outdoor air, open windows and doors 

frequently. 

Cross ventilation: To generate airflow, place windows or vents on opposing sides. 

Mechanical Ventilation: To get rid of stale air, install exhaust fans in bathrooms and kitchens. 

In energy-efficient buildings, Energy Recovery Ventilators (ERVs) or Heat Recovery Ventilators (HRVs) 

help minimize energy loss while bringing in fresh air. 

Natural ventilation and lighting are core strategies in green building design that aim to reduce dependency 

on mechanical systems while enhancing indoor comfort and energy efficiency. Natural ventilation refers 

to the use of natural air movement—typically driven by wind pressure and thermal buoyancy (stack 

effect)—to cool and ventilate indoor spaces without the use of fans or air conditioners. Properly designed 

openings such as windows, louvers, vents, and atria help facilitate cross-ventilation and vertical air 

movement, effectively removing heat and indoor pollutants while ensuring a continuous supply of fresh 

air. This reduces the need for artificial cooling systems, leading to lower energy consumption and 

improved indoor air quality. 

Natural lighting, or daylighting, involves designing spaces to maximize the use of sunlight for illumination 

during daytime hours. This is achieved by incorporating large windows, skylights, clerestories, light 

shelves, and reflective interior surfaces to distribute daylight evenly and reduce glare. Intelligent building 

orientation, especially facing the longest facades north-south (in the Northern Hemisphere), allows 

designers to control the intensity and angle of sunlight entering the building. In addition to reducing 

electricity usage, natural lighting is known to boost occupant productivity, mood, and well-being. 

To implement these features effectively, design considerations must include climate analysis, sun path 

studies, and wind flow modelling to determine optimal building orientation, window placement, and 

shading solutions. When integrated thoughtfully, natural ventilation and lighting not only reduce 

operational costs but also contribute significantly to the sustainability and liability of a building. 

https://www.ijfmr.com/


 

International Journal for Multidisciplinary Research (IJFMR) 
 

E-ISSN: 2582-2160   ●   Website: www.ijfmr.com       ●   Email: editor@ijfmr.com 

 

IJFMR250349836 Volume 7, Issue 3, May-June 2025 16 

 

 

 
Indoor Air Quality Improvement in Sustainable Green Buildings 

 

Introduction: Defining Green Building and Highlighting the Critical Role of Indoor Air Quality 

Green building represents a paradigm shift in construction, moving beyond conventional practices to 

create structures that are environmentally responsible and resource-efficient throughout their entire 

lifecycle, encompassing siting, design, construction, operation, maintenance, renovation, and 

deconstruction. This approach inherently considers the environmental impact of buildings, striving to 

minimize negative effects and, ideally, generate positive contributions to the climate and natural 

environment. Beyond environmental stewardship, green building also places a significant emphasis on the 

health and well-being of building occupants. A cornerstone of this focus on occupant health is the concept 

of indoor air quality (IAQ), which refers to the quality of air within and around buildings and structures, 

especially as it relates to the health and comfort of building occupants. Excellent IAQ is critical for 
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fostering healthy indoor environments, directly impacting the physical and mental well-being of 

individuals, as well as their productivity and overall satisfaction with the spaces they inhabit. 

The fundamental principles of green building inherently support the achievement of high indoor air 

quality. By aiming to reduce the overall environmental impact of a building, green construction naturally 

focuses on minimizing waste and pollution. Many conventional building materials and practices are 

significant sources of indoor air pollution. Therefore, the adoption of greener alternatives, such as low-

emitting materials and sustainable construction methods, directly addresses concerns related to IAQ. This 

proactive approach ensures that the building itself contributes to a healthier indoor environment from its 

inception. 

Furthermore, the increasing public awareness of the detrimental health effects associated with poor indoor 

air quality is a significant driver behind the growing demand for green buildings that prioritize occupant 

well-being. Individuals now spend a substantial majority of their time indoors, whether at home, work, or 

in other enclosed spaces. Research has consistently linked poor IAQ to a wide range of health problems, 

including respiratory issues, allergies, cardiovascular problems, and even long-term illnesses. This 

heightened understanding is making indoor air quality a key factor in building design, occupant 

satisfaction, and overall building performance, aligning perfectly with the core tenets of green building. 

 

3.6.8 Quality of Indoor Air 

A key component of green building design is indoor air quality (IAQ), which reflects a deep dedication to 

establishing spaces that are both healthful and energy efficient for occupants. The living space is improved 

by the thoughtfully positioned, generously sized openings in the design that meet the needs for natural 

light and fresh air. Utilizing materials and technologies that help create cleaner indoor air and reduce the 

number of pollutants, allergens, and volatile organic compounds (VOCs) is a top priority for green 

buildings. Indoor air quality (IAQ) directly impacts health, productivity, and regulatory compliance. 

Monitoring IAQ helps identify pollutants like CO₂, VOCs, and PM2.5, ensuring a safe indoor 

environment. Green buildings use high-efficiency air filtration systems and creative ventilation 

techniques that maximize the inflow of fresh outdoor air to maintain clean, fresh inside air. Additionally, 

adding indoor plants and green areas improves the quality of the air by generating oxygen and naturally 

filtering pollutants. By lowering the risk of allergies, respiratory conditions, and other health problems, 

this all-encompassing approach to indoor air quality in green buildings promotes the physical health and 

wellbeing of its occupants. Improved focus, output, and general satisfaction are all facilitated by it. Green 

building design's emphasis on indoor air quality demonstrates a dedication to creating spaces that promote 

both environmental sustainability and human health. 

 

The Synergy Between Green Building and Indoor Air Quality 

The principles of sustainability that underpin green building are intrinsically linked to the goals of creating 

healthy indoor environments. Both aim to minimize harm and enhance well-being, albeit through different 

lenses. Sustainability seeks to protect the planet's resources and ecosystems, while a focus on healthy 

indoor environments aims to protect and enhance the health of building occupants. These goals are not 

mutually exclusive; in fact, they are often mutually reinforcing. Energy efficiency, material selection, and 

indoor air quality are all interconnected aspects of green building design. For instance, the selection of 

energy-efficient HVAC systems can also lead to improved ventilation and filtration, directly benefiting 

IAQ. Similarly, the choice of sustainable, low-emitting materials reduces both the environmental footprint 
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of the building and the levels of harmful pollutants released into the indoor air. Ultimately, green building 

aims to reduce the overall impact of the built environment on both human health and the natural 

environment. 

Achieving energy efficiency in green buildings, while crucial for sustainability, can sometimes 

inadvertently compromise indoor air quality if not managed with careful consideration. Tighter building 

envelopes, a hallmark of energy-efficient design aimed at reducing air leakage and minimizing energy 

consumption, can also trap indoor pollutants if ventilation is inadequate. This necessitates the 

implementation of effective ventilation and filtration systems that ensure sufficient air exchange and 

pollutant removal without negating the energy-saving benefits. Integrated design strategies that consider 

both energy performance and indoor air quality from the outset are essential to avoid these potential 

conflicts. 

Conversely, the focus on sustainable materials in green building directly supports the achievement of better 

indoor air quality by minimizing the introduction of harmful chemicals and pollutants into the indoor 

environment. Conventional building materials are known to be sources of volatile organic compounds 

(VOCs) and other pollutants that can negatively impact occupant health. Green building's emphasis on 

using low-VOC, non-toxic, and sustainable materials directly reduces the levels of these harmful 

substances in indoor air, creating healthier and more comfortable spaces for occupants. 

 

Key Strategies for Enhancing Indoor Air Quality in Energy Efficient Green Buildings 

A multi-faceted approach is required to enhance indoor air quality in green buildings, encompassing 

advanced ventilation and filtration, the selection of low-emitting materials, proactive moisture control, the 

integration of biophilic design, and the utilization of smart technologies. 

Advanced Ventilation and Filtration Systems: Effective ventilation is paramount in green building 

design to ensure a constant supply of fresh air and the removal of indoor pollutants. Various types of 

ventilation systems are employed, including natural ventilation, which leverages natural forces like wind 

and thermal buoyancy to drive airflow. Cross ventilation, stack ventilation, and hybrid ventilation 

strategies fall under this category. Mechanical ventilation systems, on the other hand, use fans and 

ductwork to control airflow, offering options like exhaust-only, supply-only, balanced, and energy 

recovery ventilation (ERV) or heat recovery ventilation (HRV). Hybrid ventilation combines the benefits 

of both natural and mechanical systems. Heat and energy recovery ventilators (HRV/ERV) are particularly 

valuable in green buildings as they recover heat or energy from exhaust air to pre-condition incoming 

fresh air, significantly reducing heating and cooling loads while ensuring adequate ventilation. The 

selection of the appropriate ventilation strategy is crucial and depends on factors such as climate, building 

design, and occupancy patterns to optimize both IAQ and energy performance. Different climates and 

building types have varying ventilation needs; for example, natural ventilation may be more suitable in 

temperate regions, while mechanical ventilation with heat recovery is essential in colder climates for 

energy conservation. Occupancy levels also dictate the required ventilation rates. 

In addition to ventilation, air filtration technologies play a vital role in removing airborne pollutants. Filters 

are rated using the Minimum Efficiency Reporting Value (MERV) scale, which indicates their ability to 

capture particles of different sizes. Higher MERV ratings signify better filtration efficiency. High-

efficiency particulate air (HEPA) filters, with an equivalent rating of MERV 17 or higher, are exceptionally 

effective at removing very small particles, including bacteria and viruses. Other filtration technologies 

include UV light purifiers, which neutralize airborne pathogens, and activated carbon filters, which are 
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effective in removing volatile organic compounds (VOCs) and odors. Maintaining optimal performance 

of these systems requires regular maintenance and timely filter replacement. Green building design 

carefully considers the balance between high-efficiency air filtration and potential increases in energy 

consumption due to the increased pressure drop associated with finer filters. The goal is to select the 

appropriate filter efficiency that meets IAQ objectives while minimizing energy pen Selection of Low-

Emitting Materials: 

A critical strategy in green building for enhancing IAQ is the selection of building materials and 

furnishings with low Volatile Organic Compound (VOC) emissions. VOCs are chemicals released from 

various materials that can have adverse health effects. Green buildings prioritize the use of sustainable, 

low-VOC alternatives in paints, adhesives, sealants, flooring, insulation, and furniture. Several 

certifications, such as GREEN GUARD, Green Seal, and Cradle to Cradle, help identify products that 

meet stringent low-emission standards. The increasing availability and affordability of these low-VOC 

materials are making it easier and more cost-effective to prioritize IAQ in green building projects. The 

growing demand for such products and the increasing number of manufacturers offering certified low-

emission options are likely contributing to this trend. 

Wall and Roof treatment using sustainable materials: Due to global warming the buildings at the 

tropical countries getting hot enormously causing rising temperature 45 degrees to 50 degrees as well as 

very much cost effective. To decease the wall and roof temperature, sustainable materials give positive 

results. 

Wall cladding: Using natural materials like Terracotta, natural stones, auto clave bricks, mud and cow 

dung for wall plastering, using hollow brick and insulating materials in cavity wall. 

The process of covering the exterior or interior surfaces of walls with a different decorative and protective 

material is called wall cladding. It serves as a layer or skin that has both practical and decorative 

advantages. Protecting the building from environmental factors including rain, sunlight, wind, and 

pollution is the main goal of wall cladding. It increases a building's acoustic and thermal insulation, lowers 

maintenance requirements, and improves the structure's aesthetic appeal. 

 

 
Exterior and Interior wall cladding 
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Application of Roof treatment in real life project: For reducing  heat and increase water proving 

Roof treatment: Placing of earthen pots on the roof and subsequent concreting give considerable decrease 

of the room temperature up to 6/7 degree Celsius since the air pockets do not allow the surface temperature 

to come down giving resulting effect. 

 

 
Figure-3.8 Water proofing and heat insulating treatment over roof 

 

Application of Roof treatment in real life project: Concreting on earthen pots have been applied in real 

life project at 3/47C, Vivek Nagar, Jadavpur, Kolkata – 700075, West Bengal. 

1) Water proofing and heat insulating treatment done, 2) inverted earthen pots in close matrix and 3) gap 

filling done with lean concrete mortar. 
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Water proofing and heat insulating treatment over roof 

 

Rice husk 

The outer protective layer of the rice grain that is eliminated during the milling process is called the rice 

husk, or the hull. It makes up around 20% of the weight of harvested rice and is a byproduct of rice 

cultivation. 

Rice husk Ash: 

• Silica (SiO₂) – ~20%: This makes it fire-resistant and useful in concrete. 

• Lignin and Cellulose – ~70%: These are organic compounds that give the husk its toughness and 

fibrous texture. 

• Moisture and Ash – ~10% 

 

Making high-quality insulating materials is the first typical application for rice husks. Homes stay warm 

in the winter and cool in the summer due to their inherent airiness. This can be accomplished by simply 

packing raw husks into roof and wall cavities, which will act as a natural sound and heat barrier. 

 
Particularly in the manufacturing of clay and concrete tiles, rice husk ash (RHA) can be utilized as an 

ingredient in the tile underlayer. With possible advantages like lower material usage, better thermal and 

structural qualities, and environmental advantages, RHA can be utilized to partially replace cement or clay. 

Rice husks brick can be used by creating cavity wall as a thermal insulation material, offering a sustainable 

and cost-effective alternative to conventional materials 
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The tile underlayer with eco*friendly rice husk ash 

 

RHA's advantages for tile underlayers 

Double Charge Tiles: 

Using hydraulic equipment, two layers of vitrified tile material—ceramic powder containing colour 

pigments—are pushed together. 

The top layer, known as the decorative layer, is thicker than regular tiles and features patterns and 

ornamentation. Total thickness is 8 mm. A stronger, more polished, and more resilient tile is the end result. 

Research Work on Rice Husk Tiles: The coarse character and the fibre of Rice Husk makes it non-

conductive of heat. Rice husk layer on the lower layer of the tiles decreases the heat absorption causing 

minimising the surface heat to come downward resulting deceasing of the room temperature to a 

considerable limit. 

Benefits to the environment: Since RHA is a byproduct of processing rice, using it lowers waste and 

encourages a more environmentally friendly building method. 

Cost-effectiveness: Since RHA is a widely accessible and reasonably priced material in many areas, using 

it may reduce the cost of producing tiles. 

Better qualities: RHA can improve the tiles' thermal and structural qualities, increasing their longevity and 

energy efficiency. 

Decreased carbon footprint: RHA can help create a more sustainable built environment by lowering the 

carbon footprint associated with tile manufacture. 
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Eco*friendly rice husk and Rice husk ash and Rice husk tiles 

 

The Role of Smart Technologies in Monitoring and Optimizing IAQ: Smart technologies are 

increasingly being integrated into green buildings to monitor and optimize indoor air quality. Sensors and 

building management systems (BMS) allow for the continuous, real-time monitoring of key IAQ 

parameters such as carbon dioxide (CO2), volatile organic compounds (VOCs), particulate matter, 

temperature, and humidity. This data-driven approach enables building managers to proactively identify 

and address potential IAQ issues. Furthermore, AI-driven analytics can be used to predict air quality 

fluctuations and recommend adjustments to ventilation or filtration systems to maintain optimal 

conditions. Some smart buildings even feature automated pollutant response systems that trigger alarms 

or ventilation changes when pollutant levels exceed acceptable thresholds. These technologies enable a 

more efficient and effective management of IAQ in green buildings, ensuring a healthier and more 

comfortable environment for occupants. 

 

The Tangible Benefits of Superior Indoor Air Quality in Green Buildings 

The emphasis on indoor air quality in green buildings translates to numerous tangible benefits for occupa 
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nts, encompassing improved health and well-being, enhanced cognitive function and productivity, and 

increased comfort and satisfaction. 

Improved Occupant Health and Well-being: Superior indoor air quality in green buildings leads to a 

significant reduction in various health issues. Occupants experience fewer respiratory problems, allergies, 

and asthma attacks due to the removal of pollutants and allergens. The mitigation of "sick building 

syndrome" (SBS) symptoms, such as headaches, fatigue, and eye, nose, and throat irritation, is another 

key benefit. In healthcare settings, green building practices and improved IAQ have even been linked to 

faster patient recovery. Beyond physical health, good IAQ in green buildings also positively impacts 

mental and emotional well-being, leading to reduced stress levels, improved mood, and enhanced 

cognitive function. Breathing cleaner air creates a more positive and comfortable indoor environment, 

contributing to a greater sense of overall well-being. 

Enhanced Cognitive Function and Productivity: The clean air provided in green buildings has a direct 

and positive impact on cognitive function and productivity. Studies have shown that improved indoor air 

quality leads to better concentration, enhanced decision-making abilities, and overall improved 

performance in various tasks. Research has quantified these benefits, with some studies indicating 

significant increases in cognitive scores and productivity levels for occupants in green, well-ventilated 

spaces. This enhancement in cognitive function and productivity translates to significant economic 

benefits for businesses and organizations through higher output and reduced absenteeism due to illness. 

Increased Comfort and Satisfaction: Occupant comfort and satisfaction are critical factors for the 

success and widespread adoption of green buildings, and superior indoor air quality plays a fundamental 

role in achieving these goals. Good IAQ contributes to an overall more pleasant indoor environment, 

positively impacting thermal comfort, lighting, and acoustics. Maximizing the availability of natural light 

and providing access to outdoor views, often integral to green building design, further enhance occupant 

satisfaction. Occupants in green buildings frequently report higher levels of comfort and satisfaction with 

their indoor environment. This positive experience can lead to greater tenant retention rates, an improved 

building reputation, and increased demand for green-certified spaces in the market. 

 

Addressing the Challenges and Optimizing Implementation 

While green building offers significant opportunities for improving indoor air quality, several challenges 

must be addressed to optimize implementation and ensure the creation of truly healthy and sustainable 

spaces. 

Overcoming Potential Conflicts Between Energy Efficiency and IAQ: Achieving both energy 

efficiency and high indoor air quality in green buildings requires careful planning and integrated design 

strategies. Balancing the need for adequate ventilation with the goal of minimizing energy loss is a key 

consideration. Heat and energy recovery ventilation (HRV/ERV) systems play a crucial role in reconciling 

these goals by recovering heat or energy from exhaust air, thereby reducing the energy penalty associated 

with increased ventilation. The implementation of smart controls and demand-controlled ventilation 

systems, which adjust airflow based on occupancy and IAQ levels, helps to prevent over-ventilation and 

unnecessary energy consumption. Technological advancements in these ventilation and monitoring 

systems are continuously helping to mitigate the traditional conflict between energy efficiency and IAQ 

in green buildings. 

Managing Costs Associated with High-Performance IAQ Systems: The initial investment in certain 

high-performance IAQ technologies and materials for green buildings can be higher compared to 
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conventional options. However, it is essential to consider the long-term cost savings that these investments 

can yield. Reduced energy consumption, a direct result of many green building strategies, leads to 

significant savings on utility bills over the building's lifespan. Furthermore, the improved health and 

productivity of occupants can result in substantial economic gains for businesses and organizations 

through higher output and reduced absenteeism. The availability of various incentives and subsidies for 

green building projects can also help to offset the initial higher costs. Therefore, while the upfront 

investment in high IAQ measures might be greater, the long-term financial and health benefits often 

outweigh these costs, making it a worthwhile investment. 

Considering the Influence of Local Climate and Outdoor Air Quality: Green building design must 

take into account the local climate and outdoor air quality to implement effective IAQ strategies. Climate 

significantly affects the building's ventilation needs and the most appropriate ventilation strategies. For 

instance, natural ventilation might be more effective in regions with moderate temperatures and consistent 

winds, while mechanical ventilation with advanced filtration is crucial in areas with extreme temperatures 

or poor outdoor air quality. In locations with high levels of outdoor air pollution, green buildings need to 

prioritize the use of high-efficiency filtration systems to prevent these pollutants from entering and 

compromising the indoor environment. 

 

Conclusion: The Future of Indoor Air Quality in Energy efficient Green Buildings 

In conclusion, the pursuit of improved indoor air quality is intrinsically linked to the principles and 

practices of green building. By adopting a holistic approach that considers the interconnectedness of 

energy efficiency, material selection, ventilation, and occupant well-being, green buildings have the 

potential to create healthier and more sustainable indoor environments. The key strategies discussed in 

this report, including advanced ventilation and filtration systems, the selection of low-emitting materials, 

proactive moisture control, the integration of biophilic design, and the utilization of smart technologies, 

provide a comprehensive roadmap for achieving superior IAQ in green buildings. The numerous benefits 

of this focus, ranging from improved occupant health and cognitive function to increased comfort and 

satisfaction, underscore the value of prioritizing IAQ in the design and operation of sustainable buildings. 

Looking towards the future, several recommendations can help further advance the integration of IAQ into 

the green building sector. Continuous monitoring of indoor air quality using smart technologies will be 

crucial for providing real-time data and enabling data-driven decision-making for building operations. 

Further research is needed to fully understand the long-term health impacts of IAQ in green buildings and 

to identify emerging pollutants of concern. Integrating comprehensive IAQ metrics into building codes 

and standards can help to ensure that all new and renovated buildings meet minimum requirements for air 

quality. The development of more affordable and accessible IAQ monitoring technologies will make it 

easier for a wider range of building owners and occupants to track and improve their indoor air quality. 

Finally, increased public awareness and education on the importance of IAQ will empower individuals to 

make informed decisions about the spaces they inhabit and advocate for healthier building practices. By 

embracing these advancements and continuing to prioritize the health and well-being of occupants, the 

future of indoor air quality in green buildings holds immense promise for creating a healthier and more 

sustainable built environment for all. 

https://www.ijfmr.com/

