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Abstract: In the context of intensifying climate change and increasingly higher needs for sustainable ways to produce energy, 

passive cooling and climatological-based design strategies have become very important tools in contemporary architecture. Such 

strategies are highly critical in warm and humid climates-specifically in places around the world where reliance on energy-intensive 

mechanical cooling systems is most prevalent. Passive cooling techniques—such as natural ventilation, thermal mass utilization, 

and shading systems—harness natural processes to provide indoor thermal comfort at minimal energy and financial cost. 

Fenestration design, in other words, strategic placement of windows, orientation, and integration of various devices for shading 

plays a crucial role in controlling daylight penetration, thus preventing heat gain and other issues of building performance. This 

research study recognizes the proper adaptation of passive design solutions to particular climatic conditions. Case studies have been 

e nd with examples from the regions such as Chennai and Puducherry and how façade self-shading, green roofs, and landscaping 

improve indoor and outdoor thermal conditions. Advanced building envelope technologies, such as advanced glazing systems and 

phase-change materials, take thermal performance to the next level by controlling heat transfer and optimizing natural lighting. 

These materials are an important step toward climate-resilient buildings in energy demand reduction, allied with aesthetic and 

functional integrity. In addition, outdoor thermal comfort is redressed as a multidimensional concept in relation to mitigation of 

heat islands, shaded walkways and water features, green infrastructure into cooler microclimates, notably in an urban aquatic 

environment. 

To implement successful strategies, interdisciplinary collaboration on the part of architects, engineers, environmental scientists, 

and urban planners is required. The use of dynamic systems that involve smart technologies, renewable energy, and responsive 

devices is an excellent way to achieve nearly zero net energy consumption, while at the same time, user comfort is ensured. Real-

time climate responsiveness with architectural detailing assimilates the systems toward sustainability and modern functionality. 

This study incorporates a hybrid combination of passive traditional and modern design strategies with advanced fenestration 

technologies. Findings for Architects Insights derived from the findings allow architects to obtain knowledge about optimizing 

energy efficiency, climate adaptability, and user well-being in buildings. This study addresses a fast-warming earth by drawing on 

innovative materials, responsive technologies, and nature-inspired solutions for the design of sustainable, climate-responsive 

architecture. 

 

 

Index Terms - Passive cooling, Climate-responsive architecture, Fenestration design, Energy-efficient buildings, 

Sustainable design strategies, Advanced building envelope technologies. 

I. INTRODUCTION 

1) Background and Relevance of Climate-Responsive Architecture 

1.1 Global Challenges from Climate Change and Urbanization 

The construction industry consumes a huge share of global energy and carbon emissions. The building sector accounts for up to 

40% of global energy usage and 30% of carbon dioxide emissions. Cooling, especially in warmer climates, has increased the use of 

energy-hungry air conditioning systems. This creates a vicious cycle: the more buildings are put up to house the growing population 

in cities, the more their energy needs increase, thereby intensifying global warming. 

One of the main reasons for increased cooling demand within cities is the Urban Heat Island (UHI) effect. UHI occurs when 

urban areas become significantly warmer than their rural surroundings, primarily due to the extensive use of concrete, asphalt, and 

other materials that absorb and retain heat. The lack of vegetation further amplifies this effect. As the urban landscape absorbs heat 

during the day, the difference between urban and rural regions increases the temperature across the cities, thereby forcing a large 

reliance on mechanical cooling systems, thus increasing the level of energy usage. 

This will have numerous implications, not only on energy use but also on human health. The more the cities become warm, the 

more the individuals are vulnerable to heat diseases such as heatstroke and dehydration. The elderly, children, and those with pre-

existing medical conditions are usually the most affected. Moreover, poor air quality has become a challenge in urban settings, which 

worsens with the temperatures contributing to respiratory ailments. 

http://www.jetir.org/


© 2025 JETIR January 2025, Volume 12, Issue 1                                                         www.jetir.org (ISSN-2349-5162) 

 

JETIR2501269 Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org c624 
 

Global urbanization is increasing at a very rapid rate. The United Nations projects that by 2050, 68% of the world’s population 

will live in urban areas. As more people move into cities, the demand for housing, infrastructure, and energy will grow exponentially, 

placing additional strain on already stretched resources. The rising pressure on the environment calls for architects and urban planners 

to rethink the design of buildings and urban layout in view of these challenges that have arisen from climate change and urbanization. 

To solve these problems, climatic responsive architecture becomes significant. In addition to the energy conservation by passive 

and active systems, it is even interested in accomplishing larger environmental objectives, like lowering the emissions of CO2, as 

well as developing thermal comfort in cities, more so in those large megapolises, specifically in warm and humid cities. 

 

1.2 Architecture in Mitigating Climatic Impacts 

Architecture plays a significant role in mitigating the climatic impacts of urbanization. Climate-responsive architecture is a 

method that puts building designs, materials, and systems together with the local climate to optimize energy usage and enhance indoor 

comfort. One of the core principles of climate-responsive design is passive design, which uses the natural environment to improve 

the performance of buildings without relying on energy-intensive mechanical systems. 

 

Passive Design Strategies: 

 

Natural Ventilation: 

Natural ventilation is the process through which air is allowed to enter and exit the building without any mechanical assistance. 

Artful architectural detailing—such as the placement of windows, vents, and louvers—can ensure that air flows through a building 

efficiently. For warm climates, cross-ventilation is an important technique whereby air enters from one side of the building and exits 

from the other side. The strategic positioning of stack vents and ventilation shafts can help warm air rise and escape, thereby 

facilitating natural cooling. 

 

Shading and Solar Control: 

Direct sunlight is one of the most critical causes of heat gain in buildings. Architectural elements such as overhangs, louvers, 

vertical fins, and pergolas are shadings, which have been found to protect building facades from direct solar radiation. By the strategic 

use of these elements, buildings can be kept cooler, thereby reducing the need for air conditioning and mechanical cooling. There is 

also the kind of green facade where climbing plants or green walls serve as a means of shading; they also provide a cooling effect by 

means of evapotranspiration. 

 

Thermal Mass: 

High mass materials can absorb heat during the day and emit it at night when temperatures are cooler. This type of process could 

significantly reduce the fluctuations of temperature inside a building while maintaining the comfort of an indoor environment without 

using air conditioning. Traditionally, such materials are concrete, stone, and brick, but newer innovations involve Phase Change 

Materials (PCMs) that store and release heat at a specific temperature with more precise control over the thermal regulation. 

 

Green Infrastructure: 

These shall also include green infrastructure like urban forests, green roofs, and rainwater harvesting systems in the climate-

responsive design of buildings and cities. All such features enhance the sustainability of the building and city, decrease the rainwater 

run-off, and improve the air quality and reduce the overall effect of the heat island. 

Integration of such design strategies in the built environment creates an ideal role for architecture in reducing energy consumption 

by buildings, enhancing environmental quality, and mitigating the impacts of climate change. 

 

Biophilia and Human Well-being 

Apart from energy efficiency and sustainability, biophilic design underlines how connected humans are to nature, which forms 

the basis of physical and mental health. Incorporating natural light, ventilation, green spaces, and water features into architectural 

designs can significantly enhance the quality of life for occupants of buildings. Natural elements reduce stress, uplift mood, and may 

improve cognitive function; hence, climate-responsive design can be considered an environmentally friendly and human-sensitive 

concept that takes into account both the environment and the inhabitants of these spaces. 

 

1.3 Challenges Regarding Climate in Warm and Humid Climates 

Warm and humid climates in tropical and subtropical regions present unique climatic challenges in buildings. In such regions, 

even moderate humidity levels are liable to enhance the perceived temperature of heat. High solar exposure increases the cooling 

load on buildings. In such regions, climate-responsive architecture takes a significant turn. 

 

Key Challenges 

 

Thermal Comfort: 

Buildings in warm and humid climates must regulate heat gain and humidity levels in order to achieve thermal comfort. The 

problem is in the design, which will allow natural ventilation without letting excess humidity come in and moisten up indoors, causing 

mold and discomfort. A balance between outdoor air and indoor conditions can be achieved by properly planned ventilation openings, 

wind corridors, and shading devices. 

 

Energy Efficiency: 

The need for cooling constantly is one of the reasons why tropical areas rely on mechanical air conditioning systems. However, 

this comes at a huge cost to the energy resources and high energy bills. Energy-efficient design strategies like ensuring a minimum 
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solar heat gain with a shading device, high-performance insulation material, and low-emissivity glass-low E glass-will decrease the 

cooling load and energy consumption of the building. 

 

Sustainability: 

Materials and construction techniques adopted here must have minimal impact on the surroundings while conserving energy. 

Locally sourced materials, such as bamboo or clay bricks, often have a lower carbon footprint than imported materials. Moreover, 

buildings must be designed to incorporate renewable energy systems, such as solar panels and rainwater harvesting, to further reduce 

environmental impact. 

 

Examples of Traditional Climate-Responsive Practices 

Traditional architecture in warm and humid climates has provided many sustainable solutions that can be integrated with the 

application of modern technologies. Examples are vernacular architecture in India, Southeast Asia, and other tropical regions that 

have always been designed with a deep understanding of local climate conditions. Shaded courtyards, sloping roofs to manage 

rainwater, and perforated screens for admitting air while blocking sunlight are classic examples of climate-responsive features. These 

strategies have been effective in terms of reducing solar heat gain, improving ventilation, and enhancing overall comfort. 

 

Urbanization and Climate Challenges 

New challenges of modern urbanization are emerging in climate-responsive designs, especially when practiced in high-density 

urban environments. Sprawling of the urban environment reduces the space for greenery, which is a crucial factor in reducing heat 

levels and improving air quality. The increased growth in populations necessitates the development of tall structures that curtail the 

incorporation of natural ventilation and shading procedures, increasing the reliance on mechanical cooling. 

 

1.4 Transitioning towards Sustainable Building Practices 

The transition towards sustainable building practices fundamentally shifts architectural and construction methodologies away 

from the aesthetic and functional use without regard to the environmental impact of architectural and construction endeavors. The 

architect must focus on an integrated approach that considers the environmental, social, and economic dimensions of design. 

 

Role of Computation Facilities: 

Advancements in building performance simulation and computer-aided design (CAD) tools have made this transition easier. 

Architects can now apply these tools to simulate the environmental performance of their designs before they are built. These tools 

allow architects to check a variety of parameters, such as solar exposure, thermal comfort, and airflow patterns to ensure optimal 

performances inside buildings by their specific climate zones. 

 

Green Building Certifications 

The green certification schemes available, like LEED, BREEAM, and Green Star, offer frameworks that encourage energy-

efficient designs. Not only a label of sustainability, but also a financial reward, these mark incentives for developers to go eco-friendly 

and energy efficient in building practices. 

 

Policy and Regulation 

Government policies and regulations, such as Energy Conservation Building Codes, are also essential for sustainable building 

practices. Countries such as India and Singapore have implemented policies that encourage more passive designs, the usage of 

renewable energy, and energy-efficient materials. Reducing the environmental impact of buildings, one of the regulations, promotes 

the integration of climate-responsive features into developer designs. 

 

1.5 Technological Innovation Stifling Climate-Sensitive Architecture 

 

Novel Building Materials and Systems 

Technological innovations in building materials and systems are quite influential in making buildings more thermally efficient 

and environmentally friendly. These innovations, in most cases, are associated with climate-sensitive buildings that transform based 

on environmental responses. In other words, they save more energy by providing comfortable indoor conditions more often. 

 

Phase-Change Materials (PCMs): 

PCMs have transformed thermal management. These materials absorb and release heat as they change from solid to liquid phases 

at specific temperatures. In the context of climate-responsible design, PCMs are set into building envelopes (walls, ceilings, floors) 

that store excess daytime heat and subsequently release it at night, keeping an interior temperature stable without mechanical cooling. 

PCMs are highly useful in hot and humid climates due to sudden temperature shifts that take place indoors. 

 

Smart Glazing Systems: 

The smart glazing technologies electrochromic and thermochromic glass cause windows to tint due to environmental factors such 

as sunlight and temperature. Electrochromic glass, which exhibits changing tint dynamically with exposure to sunlight, reduces the 

entry of heat in the building. This feature maintains thermal comfort but allows natural daylight penetration. Such technologies may 

be introduced into window designs to minimize solar heat gain and control levels of light indoors, which is particularly important in 

tropical climates. 

 

Light-Emitting Diodes (LEDs) with Adaptive Lighting: 

Recent years have experienced increased deployment of LED technologies in conjunction with adaptive controls for maximizing 

the lighting indoors but minimizing the energy consumption. Lighting systems adjust their brightness according to daylight levels 
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created through techniques called daylight harvesting; thereby, artificial lighting is only provided when absolutely necessary. Smart 

integration of lighting systems into buildings significantly reduces energy footprints, especially in regions where daylight hours vary 

throughout the calendar year. 

 

Smarter Systems in Architecture 

The more sensitive the adaptation of spaces becomes to environmental changes with smarter systems integrated into buildings, 

the more they can learn from data inputs such as occupancy, solar exposure, and temperature to optimize energy use, comfort, and 

operational efficiency. 

 

Automated Shading Systems: 

These systems include light sensors that monitor variations in daylight intensity and adjust shades, blinds, or louvers. With 

automatic adjustment of shading devices positioning, automated systems can provide real-time control over heat gain, glare, and 

daylight penetration; thus, less artificial lighting and cooling can be needed. 

 

Smart HVAC Systems: 

A smart HVAC system will dynamically respond to real-time data such as occupancy and outdoor conditions by varying 

temperature and airflow. Such systems may also be equipped with sensors and AI-based algorithms that help them recognize areas 

that require more or less cooling. Smart HVAC systems thereby minimize energy use when the building is less occupied and optimize 

temperature according to usage pattern of the building, thus leading to huge savings in energy use. 

 

1.6 Importance of Interdisciplinary Collaboration 

Climate responsive architecture depends on interdisciplinary collaboration because designers of different disciplines need to 

contribute their individual expertise to design, construction, and operational phases of a building. While architecture forms the 

aesthetic and functional framework, other disciplines contribute toward ensuring a building responds efficiently to a climate of a 

location and challenges of the environment. 

 

Interdisciplinary Collaboration between Architects and Engineers 

Architects and engineers should collaborate at the outset to develop a structure, systems, and materials for the building that 

correspond to well-integrated climate-responsive goals. The first design framework is prepared by an architect taking into account 

aesthetic, functional and environmental needs of the project. Engineers provide assurance for the structure and mechanical feasibility 

of the designed building. 

Structural Engineers: They are essential in determining the ability of the building to withstand adverse weather conditions such 

as heatwaves, heavy rainfall, or high winds, which are characteristic of many warm and humid regions. They also collaborate with 

architects so that materials used will have optimum thermal properties as well as structural design supports passive cooling strategies 

like ventilation shafts, shading devices, and green roofs. 

Mechanical Engineers: These engineers contribute to the management of integrating smart systems and HVAC systems that 

ensure saving energy for the building. Along with architects, they design custom cooling and heating solutions that leverage natural 

ventilation or geothermal power where feasible. 

Environmental Scientists and Urban Planners: Environmental scientists then consider that site's climate, including wind 

patterns, solar radiation, humidity levels, and soil conditions, to shape the design and type of materials used. Their research provides 

insight into how environmental factors will affect building performance and enables architects to know which passive strategies will 

be most effective on a given site or location, such as shading, thermal mass, and ventilation. 

Urban planners include climate-responsive architecture into the context of a sustainable urban development such that this 

development meets greater goals, for example, carbon footprint reduction, enhancement of public green space, and local biodiversity. 

In the provision of infrastructure, the elements they check include how best to incorporate public transportation and storm water 

management. This is a direct influence on the sustainability of a building. 

 

Collaboration with Policy Makers and Regulators 

Government policies and building regulations increasingly support climate-responsive architecture. Architects must be able to 

talk and engage with policymakers so that their designs can meet the building codes, which vary significantly from one region to 

another. 

Policy Makers: Governments are beginning to initiate regulations that encourage the use of sustainable construction methods. 

Building codes, for instance, in countries such as India have developed an Energy Conservation Building Code, outlining the 

minimum requirements for the thermal insulation and natural ventilation of buildings. Green building certifications, such as LEED 

and BREEAM, also encourage climate-responsive building through financial incentives and recognition. 

Public Stakeholders and Communities: Involving local communities in the design process ensures that designs are climate-

responsive, culturally sensitive, and socially acceptable. The community can provide information regarding environmental conditions 

and lifestyle needs, thereby ensuring designs are sustainable and practical and beneficial for its inhabitants. 

 

2) The Future of Climate-Responsive Architecture 

 

Climate-responsive architecture of the future will be technological innovation, interdisciplinary collaboration, and global 

cooperation. The necessity for sustainable, climate-responsive design will escalate as climate change effects become more evident 

over time. Key trends shaping this future include: 
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2.1 Technological Advancements 

Intelligent building systems will make use of IoT, sensor networks, and real-time analytics to harmonize them with buildings by 

such active development into smart cities, which makes it possible to optimize environmental conditions inside buildings for comfort 

and energy efficiency constantly. 

Dynamic Facades: Future buildings will feature façades that can change their properties in real-time based on external conditions 

(e.g., sun, temperature, or wind). Smart shading systems, automated louvers, and adaptive glazing will become standard features that 

respond to the local environment, optimizing light and heat control. 

AI and Machine Learning: AI will find its way into the optimization of building design and operation. It can predict energy 

usage patterns and environmental conditions so that systems can be designed to adjust to changes throughout the day and seasons. 

We will see more AI-based HVAC systems and energy management tools soon. 

 

2.2 Urban Resilience and Climate Adaptation 

Cities will continue to expand so have to be designed not only sustainably but resiliently-resilient to climate extremes. This means 

designing buildings and infrastructure as a built environment preparedness for extreme heatwaves, flooding, and storm events. Future 

cities will be based on an integrated urban design that considers rainwater harvesting, green roofs, urban forests, and permeable 

surfaces in managing climate impacts on cities effectively. 

 

2.3 Scaling Climate-Responsive Design Globally 

Scarcity is the biggest challenge in adapting climate-responsive architecture. As climate-responsive design becomes more and 

more popular in the developed world, low-income nations and many informal settlements lack the wherewithal to construct such 

sustainable designs. For such a design to succeed, global partnerships must be entered into, along with an overall effort on the part of 

governments and other actors to reduce costs through innovative building techniques and locally available materials. 

 

II. METHODOLOGY 

 

The methodology for developing climate-responsive architectural detailing integrates theoretical research, computational 

analysis, and practical experimentation. This approach ensures that the proposed solutions are not only aligned with climatic 

requirements but also viable for real-world implementation. The following methodologies were applied.  

 Shading Device Matrix: Explaining how I categorized the shading devices for different facade orientations and building 

types. 

 Lux Calculation: Describing the setup of the lux calculation, considering the different window sizes (full, sill to lintel, low 

level), glazing types (clear, opaque, jaalis), and shading devices (vertical fins, egg crates) with the help of a manual model 

and Lux meter. 

 

METHOD 1. SHADING DEVICE MATRIX 

A shading device matrix was created to provide a systematic approach for selecting and evaluating shading devices based on 

façade orientation, building type, and climatic performance. 

 

1.1 Purpose of the Shading Device Matrix 

The purpose of the matrix is to assist architects in making informed decisions about shading solutions that enhance energy 

efficiency, reduce solar heat gain, and improve occupant comfort. By categorizing shading devices based on their effectiveness for 

specific facades (north, south, east, and west), the matrix serves as a quick-reference tool for: 

 Mitigating solar radiation. 

 Minimizing glare. 

 Enhancing indoor thermal comfort in warm and humid climates. 

 

1.2 Development of the Matrix 

The matrix was developed using data from simulations, field studies, and literature reviews, analysing the following parameters: 

 Sun path analysis for various façade orientations. 

 Solar heat gain coefficient (SHGC) values of shading devices. 

 Effectiveness of shading devices (e.g., overhangs, vertical fins, louvers, brise-soleil, and egg crates). 

 

1.3 Structure of the Matrix 

The matrix compares shading devices based on their applicability to different building types (residential, commercial, public) and 

orientations: 

 North façade: Requires minimal shading due to indirect sunlight but benefits from adjustable louvers for glare control. 

 South façade: Highly effective with overhangs and horizontal shading to block high-angle midday sun. 

 East/West facades: Best addressed with vertical fins, egg crates, or brise-soleil to block low-angle sunlight during mornings 

and afternoons. 

 

1.4 Implementation Example 

For a commercial office in Chennai, vertical fins were recommended for the east and west façades due to their ability to reduce 

direct sunlight penetration while allowing diffuse daylight, lowering cooling loads by approximately 20%. For the south-facing 

façade, fixed overhangs were utilized to minimize solar heat gain during peak hours. 
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Below is the matrix showcasing shading devices for building facades in warm and humid climates, emphasizing their effectiveness 

and suitability for different facade orientations and building types (Residential, Commercial, Public, etc.) 

 

Shading 

Devices 

North 

Facade 

South 

Facade 

East 

Facade 

West 

Facade 

Residential 

Buildings 

Commercial / 

public 

Buildings 

Performance in 

warm & 

humid. 

Overhangs 

Less 

effective as 

north facade 

get indirect 

light 

Effective for 

blocking 

direct 

overhead 

sunlight 

during 

midday. 

Provides 

good 

shading 

during 

Morning 

sun 

Very 

effective 

for 

blocking 

afternoon 

sun. 

Common in 

this kind of 

buildings to 

block direct 

sunlight. 

Widely used in 

public 

buildings for 

large glass 

facades. 

Fixed, Reliable 

shading 

especially for 

south & West 

facades with 

high sun 

exposure. 

   Louvers 

Adjustable 

louvers are 

useful for 

controlling 

diffused 

lights. 

Highly 

effective 

especially 

adjustable 

ones for 

dynamic sun 

control. 

Provides 

flexible 

shading 

during the 

morning 

Very 

Effective 

for taming 

Harsh 

afternoon 

sunlight. 

Suitable for 

modern 

residential 

building with 

large facades. 

Common in 

commercial 

buildings for 

light control & 

aesthetics. 

Great for 

flexible shading, 

controlling, 

sunlight and 

heat on east and 

west facing 

facades. 

Brise- 

soleil 

Minimal use 

on north 

facing 

facades as 

sunlight is 

less intense. 

Excellent for 

south facing 

glass facades 

especially in 

high rise 

buildings. 

Suitable 

for east 

facing 

facades to 

block flow 

morning 

sun. 

Very 

effective 

for large 

west facing 

glass 

façade. 

Rare in 

residential 

buildings but 

can be 

adopted for 

large houses. 

Popular in 

commercial 

buildings to 

reduce glare 

and heat on 

large glass 

surfaces. 

Deep shading 

that is highly 

effective on 

south & west 

facades 

especially in 

modern 

architecture. 

Pergolas 

Ineffective 

for vertical 

north facing 

facades but 

suitable for 

outdoor 

spaces. 

Provides 

partial 

shading for 

outdoor areas 

adjacent to 

the south 

facades. 

Less 

effective 

unless 

adapted for 

outdoor 

areas on 

east facing 

sides. 

Suitable for 

outdoor 

areas near 

west facing 

facades for 

afternoon 

shades. 

Common in 

outdoor 

residential 

areas like 

balconies and 

patios. 

Less common 

in buildings 

mainly used for 

outdoor seating 

spaces. 

Semi open 

shading that 

works well for 

outdoor areas 

but is limited for 

vertical facades. 

Vertical 

Fins 

Ineffective 

north 

facades 

where 

sunlight is 

minimal. 

Suitable for 

south façade 

especially in 

high rise 

buildings. 

Excellent 

for east 

facing 

facades to 

block low 

angle 

morning 

sun. 

Highly 

effective 

for west 

facing 

facades to 

block direct 

afternoon 

sun. 

Suitable 

residential 

buildings 

with large 

windows or 

glass facades. 

Common in 

commercial 

buildings with 

large glazed 

areas especially 

on east and 

west sides. 

Provides 

excellent 

vertical shading 

particularly for 

east – west 

facing facades. 

Horizontal 

fins 

Minimal use 

on where 

direct 

sunlight is 

low. 

Highly 

effective for 

south facing 

facades 

where sun is 

directly 

overheated. 

Less 

effective 

on east 

façade 

unless 

angled 

correctly. 

Useful for 

west 

facades to 

block 

highly 

angle 

afternoon 

sun. 

Can be used 

in residential 

buildings 

with modern 

designs. 

Common in 

commercial 

buildings with 

large horizontal 

glass surfaces. 

Best for south 

and west facing 

facades to block 

overhead 

sunlight and 

reduces heat 

gain. 
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RESULT: 

The shading device matrix exerts an important strategy for the improvement of building energy efficiency and thermal comfort 

in warm and humid climates with improved different orientations of façades as well as various kinds of buildings. Shading solutions 

of such a kind allow architects to enhance considerably reduced solar heat gain, optimize daylighting, and visual comfort. The matrix 

provides useful decision-making capabilities at the preliminary design stages such that the shading devices would be both functional 

and aesthetic in the architectural design. For practical application, flexibility enables the matrix to be responsive to scales and contexts 

in projects. 

 

METHOD 2. LUX CALCULATION FOR LIGHTING ANALYSIS 

 

2.1 Objective 

The lux calculation assesses the lighting performance of different window layouts and shading device combinations to identify 

the exact balance between daylighting and energy efficiency. The study on the following focused: 

Window sizes: Full-height windows, sill-level windows, and lower sill windows. 

Glazing types: Transparent glass, opaque glass, jaalis. 

Shading devices: Vertical fins, egg crates. 

 

2.2 Methodology 

The steps taken for lux calculation are as follows: 

Physical Model Setup: 

A 1:50 scaled model of a regular room was built along with the chosen window and shading configurations. 

 

Details of the physical Model:  

Model base – 10m x 10m 

Wall height – 3m 

Wall thickness – 0.15m 

Window (Full Height & Width) – 2.4m x 1.5m 

Window (Normal Window Height & Width) – 1.2m x 1.5m 

Window (Low sill Window Height & Width) – 1m x 1.5m 

Jaali (Height & Width) – 0.4m x 1.2m 

 

Measuring Instruments: 

Lux levels were measured with a lux meter at three pivotal points in the room: 

 Near the window wall. 

 Middle of the room 

 Exactly opposite the window wall 

 

External 

Shutters 

Suitable for 

north facing 

facades to 

block wind 

and allow 

privacy. 

Effective for 

south façades 

particularly in 

residential 

designs. 

Works well 

for east 

facing 

facades in 

cultural or 

colonial 

designs. 

Very 

effective 

for 

blocking 

harsh 

sunlight on 

west facing 

façade. 

Common in 

traditional or 

colonial style 

residential 

buildings. 

Rare in 

commercial 

buildings but 

can be adapted 

for heritage 

designs. 

Provides solid, 

adjustable 

shading and 

privacy 

particularly in 

traditional 

architectural 

design. 

Awnings 

Less 

effective for 

vertical 

north facing 

facades. 

Provides 

excellent 

shading for 

large 

windows and 

outdoor areas 

on south 

facades. 

Good for 

shading 

angles 

windows 

or doors on 

east 

facades. 

Ideal for 

west 

facades to 

block 

intense 

afternoon 

sun. 

Common in 

Residential 

buildings 

especially 

with 

retractable 

designs. 

Widely used in 

commercial 

spaces like 

cafés, shops & 

Restaurants. 

Flexible shading 

for large 

windows and 

outdoor areas 

effective in 

managing solar 

heat gain. 

Egg 

Crates 

Minimal 

impact; 

reduces glare 

slightly. 

Highly 

effective; 

blocks high-

angle midday 

sun. 

Moderate 

effective; 

reduces 

morning 

glare. 

Highly 

effective; 

blocks low-

angle 

afternoon 

sun. 

Suitable for 

reducing heat 

in living 

spaces with 

southern or 

western 

exposure. 

Excellent for 

office 

buildings, 

auditoriums, or 

galleries facing 

south or west. 

Reduces solar 

heat gain while 

allowing 

ventilation; 

durable 

materials needed 

to combat 

humidity. 
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LUX ANALYSIS REPORT FOR DIFFERENT WINDOW SIZES 

(I) Transparent Glass Configuration Lux Values 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(II) Opaque Glass Configuration Lux Values 

 

Window Size Configuration 

Near Window 

(lux) 

Middle of Room 

(lux) 

Opposite Wall 

(lux) 

Full Window 

Transparent Glass 

Only 350 270 220 

 

Transparent Glass 

+ Jaali 280 200 160 

 

Transparent Glass 

+ Jaali + Vertical 

Fins 230 170 130 

 

Transparent Glass 

+ Jaali + Egg 

Crates 250 180 140 

Sill-Level 

Transparent Glass 

Only 210 160 130 

 

Transparent Glass 

+ Jaali 160 120 90 

 

Transparent Glass 

+ Jaali + Vertical 

Fins 130 100 70 

 

Transparent Glass 

+ Jaali + Egg 

Crates 140 110 80 

Lower Sill 

Transparent Glass 

Only 150 120 100 

 

Transparent Glass 

+ Jaali 120 90 60 

 

Transparent Glass 

+ Jaali + Vertical 

Fins 100 80 50 

 

Transparent Glass 

+ Jaali + Egg 

Crates 110 85 60 

Window Size Configuration Near Window 

(lux) 

Middle of Room 

(lux) 

Opposite Wall 

(lux) 

Full Window Opaque Glass 

Only 

120 90 70 

 Opaque Glass + 

Jaali 

90 60 50 

 Opaque Glass + 

Jaali + Vertical 

Fins 

80 50 40 

 Opaque Glass + 

Jaali + Egg Crates 

85 55 45 

Sill-Level Opaque Glass 

Only 

90 70 60 

 Opaque Glass + 

Jaali 

65 50 40 

 Opaque Glass + 

Jaali + Vertical 

Fins 

55 40 30 

 Opaque Glass + 

Jaali + Egg Crates 

60 45 35 

Lower Sill Opaque Glass 

Only 

70 50 40 

 Opaque Glass + 

Jaali 

50 40 30 
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(III) Jaali Configuration Lux Values 

 

 

 

 

 

 

 

 

(IV) Shading devices Lux Values 

 

 

 

 

 

 
 
 
 
 
 

III. RESULTS AND DISCUSSIONS:   

Transparent Glass Combinations  
 

1. Full Window  

•Transparent Glass Only: With lux values of 350 (near window), 270 (middle), and 220 (opposite wall), this combination provides 

the highest level of light transmission, ideal for maximizing daylighting. This combination will cause more glare and heat gain, 

which can be an issue in spaces that must be comfortable.  

•Transparent Glass + Jaalis: Addition of jaalis reduces lux values to 280, 200, and 160 respectively. Jaali screens help in diffusing 

sunlight, creating patterns, and reducing direct glare. This setup allows ample light while controlling its intensity.  

•Transparent Glass + Vertical Fins: In this case, the values are reduced to 230, 170, and 130. Vertical fins greatly reduce the 

amount of direct light entering the space. This type of configuration minimizes glare and heat because sunlight cannot penetrate the 

glass at particular angles. This is most appropriate for space applications where there is a need for partial illumination.  

•Transparent Glass + Egg Crates: In this case the values are raised to 250, 180 and 140. The value of egg crates usually will be 

about the same amount of glare reduction achieved through vertical fins but the light diffusion is different so that makes the lighting 

in the room softer and more balanced.  

 

 

 

2. Sill-Level Window  

 

•Transparent Glass Only: Sill-level windows allow moderate lux values (210 near window, 160 middle, 130 opposite wall). This 

configuration admits daylight without excessive brightness and is suitable for reducing direct sun exposure.  

•Transparent Glass + Jaalis: With lux readings of 160, 120, and 90, jaali in a sill-level window reduces light further, suitable for 

spaces needing privacy and softer lighting.  

Clear Glass + Horizontal Fins: This makes the lux to 130, 100, and 70, which implies comfortable lighting while minimizing 

effective heat gain.  

Clear Glass + Egg Crates: The lux values here is 140,110 and 80. Through the use of egg crates, the light distribution becomes 

much diffused through lighting that is aesthetically comfortable without much glare.  

 

3. Low Sill Window  

 

Transparent Glass Only: Values at 150, 120, and 100 provide transparent glass at the lower sill windows which would allow 

lesser intensity light entry into space where very low natural light is expected.  

Transparent Glass + Jaali: In this scenario, the lux values have been dropped to 120, 90, and 60 respectively, so this is fit for 

personal rooms or for any other place that is expected to be dim.  

•Transparent Glass + Vertical Fins: With values of 100, 80, and 50, vertical fins reduce light and glare, making this configuration 

suitable for spaces like study rooms or lounges.  

•Transparent Glass + Egg Crates: The values here is 110, 85 and 60. Egg crates provide similar lux levels with diffused lighting, 

creating an even softer ambiance.  

 Opaque Glass + 

Jaali + Vertical 

Fins 

45 35 25 

 Opaque Glass + 

Jaali + Egg Crates 

45 35 25 

Window Size Configuration Near Window 

(lux) 

Middle of Room 

(lux) 

Opposite Wall 

(lux) 

Full Window Jaali Only 240 180 140 

Sill-Level Jaali Only 160 120 90 

Lower Sill Jaali Only 120 85 65 

Window Size Configuration Near Window 

(lux) 

Middle of Room 

(lux) 

Opposite Wall 

(lux) 

Full Window Vertical Fins Only 200 160 130 

 Egg Crates Only 210 165 135 

Sill-Level Vertical Fins Only 140 110 85 

 Egg Crates Only 150 115 90 

Lower Sill Vertical Fins Only 120 85 65 

 Egg Crates Only 130 90 70 
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Opaque Glass Configurations 

  

1. Full Window  

 

•Opaque glass only: The lux level is low at 120 on the near window, at 90 in the middle, and at 70 opposite the wall. An opaque 

glass has a filtering effect on a lot of light. It is practical for spaces requiring privacy while reducing glare.  

•Opaque glass + Jaali: The light then is reduced further to around 90, 60, and 50. It is a decorative touch giving a minimal amount 

of penetration by light, which is perfect for keeping it private.  

Opaque Glass + Vertical Fins: Lux reaches 80, 50, and 40 with this configuration. Hereby, the amount of light and glare is held 

at a minimum level since these are used in portions where controlled daylight is wanted.  

Opaque Glass + Egg Crates: The values here is 85, 55 and 45. Thereby, the diffused light will be at virtually similar levels, hence 

rendering the space visually comfortable through the least amount of penetrating light.  

 

2. Sill-Level Window  

 

• Opaque Glass Only: Sill-level opaque glass windows make the privacy while showing the daylight to a minimum of 90, 70, and 

60 lux.  

•opaque Glass + Jaali: This reduces lux to 65, 50, and 40, hence perfect for quiet spaces as the ambient light is enough.  

•Opaque Glass + Vertical Fins: The values are at 55, 40, and 30, hence this one blocks most of the sun's rays and is suitable for 

places that require the least amount of light.  

•Opaque Glass + Egg Crates: Here the values reached to 60, 45 and 35. It is the same lux value but with soft, diffused light that 

gives a relaxing feel.  

 

3. Lower Sill Window  

 

•Opaque Glass Only: This provides values of 70, 50, and 40 with low light for opaque windows to serve the purpose of privacy.  

•Opaque Glass + Jaali: It reduces the lux levels down to 50, 40, and 30, thus suitable for a minimal space of light.  

•Opaque Glass + Vertical Fins: With the readings of 45, 35, and 25, only low diffuse light is able to penetrate through the vertical 

fins. Thus, this is quite ideal for quiet areas.  

•Opaque Glass + Egg Crates: With the values of similar to values while using fins (45, 35 and 25) the same as vertical fins but 

with softer light patterns. Suitable for easy, private spaces.  

 

Jaali-Only Configurations  

 

1. Full Window  

 

•Jaali Only: Lux values of 240, 180, and 140 are sufficient diffused light and decorative shadows. Good for aesthetically designed 

spaces with moderate light.  

 

2. Sill-Level Window  

 

•Jaali Only: With lux values of 160, 120, and 90, the above setup offers moderate softer light, good for residential spaces.  

 

3. Lower Sill Window  

 

•Jaali Only: Lux value 120, 85, and 65 can be used to get privacy oriented rooms through warm comfort of dimmed light.  

 

Shading Devices Only (Vertical Fins and Egg Crates)  

 

Full Window  

•Vertical Fins Only: For Lux values 200, 160, and 130 glare is reduced and the resultant is controlled daylighting of the spaces 

wherein the distribution of the light should be kept as a balance.  

•Egg Crates only: Here the values reaches to 210, 170 and 135. Lux levels are a bit brighter; it is soft diffusion good for work 

areas, or reading rooms.  

 

Sill Level Window:   
•Only Vertical fins: lux values same. The light is quite distributed soft and calming and a little less light at 140, 110, and 85 lux, 

this arrangement drops light and is acceptable with only moderate lighting requirements.  

•Only Egg Crates: Values here are 150, 115 and 90. Lux values remain similar, offering evenly distributed, soft light for calm 

spaces.   

 

Lower Sill Window  

•Only Vertical Fins: Values at 120, 85, and 65 are comfortable for low light conditions, creating a relaxing and well-lit 

environment.  

•Only Egg Crates: Values here are 130, 90 and 70. Values around these same values diffuse a warm and soft glow and are great 

for a room where relaxation is key.  
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RESULTS:   
 

Best Window and Configuration Recommendations  

 

Best Window Type:  
Full Window: This would allow for as much natural light penetration into the space as possible and can be beneficial for rooms 

requiring bright conditions.  

Lower Sill Window: Best suited for privacy or areas where the light is less desired, like reading rooms or lounges.  

 

Optimal Configurations:  
Transparent Glass + Jaali + Egg Crates: For full windows, this combination is most effective because it provides balanced 

lighting with decorative shadows and reduced glare.  

Opaque Glass + Vertical Fins: Best suited for areas where minimum light is required, like bedrooms or lounges, for privacy and 

low glare.  

Jaali Only for Full Window: It gives diffused light aesthetically which makes it suitable for drawing rooms or entrance halls.  

 

Recommendations:  
Spaces where brightness is required: Full window with Transparent Glass + Jaali.  

Spaces where privacy is a must: Lower sill window with Opaque Glass + Vertical Fins or Opaque Glass + Jaali.  

Balanced requirement of Lighting: Full window with Transparent Glass + Jaali + Egg Crates.  

Best Overall Window Type: Full Window  

 

The full window configuration stands out as the best choice because:  

• It allows maximum light penetration, making it versatile for various configurations with different light control 

options.  

• It provides sufficient natural lighting even when combined with shading devices, which helps in reducing glare 

and controlling brightness.  

Best Overall Configuration: Transparent Glass + Jaali + Egg Crates  

 

The Transparent Glass + Jaali + Egg Crates combination with a full window is the most effective configuration because:  

• Light Control: This setup balances light diffusion and privacy. The transparent glass allows natural light, while 

the jaali and egg crates help to reduce glare and soften the light.  

• Aesthetic Appeal: The jaali patterns cast decorative shadows, adding an artistic touch to the space, while the egg 

crates provide a soft, diffused ambiance.  

• Comfort and Versatility: This combination allows moderate to high light levels with reduced glare, making it 

suitable for both residential and commercial spaces like living rooms, lounges, and office areas.  

•  

METHOD 3. TEMPERATURE AND BRIGHTNESS ANALYSIS 

 

3.1 What is temperature?  
Temperature measures the warmth or coldness of an object, substance, or environment. In physics, it’s a measure of the average 

kinetic energy (movement) of particles in a substance. Higher temperatures mean particles move more energetically, while lower 

temperatures mean they move less. It’s typically measured in degrees Celsius (°C), Fahrenheit (°F), or Kelvin (K).  

• Thermal Temperature: This is the literal temperature, like the warmth from the sun.  

• Colour Temperature: In lighting, colour temperature (measured in Kelvin) describes the hue of a light source. 

For example:   

 Warm light (lower Kelvin, around 2700K-3000K) looks yellowish or orange.   

 Cool light (higher Kelvin, around 5000K-6500K) appears bluish-white.  

 

3.2 What is brightness?  
Brightness refers to the perception of how much light is being emitted or reflected by an object. In lighting terms, it can relate to 

both the intensity of light and how our eyes perceive it. Brightness depends on the light source's power and its distance from the 

observer, as well as the sensitivity of the human eye.  

• Luminous Intensity: This is the actual power or energy of light emitted from a source, measured in lumens.  

• Illuminance: This is the amount of light that reaches a surface, measured in lux (lumens per square meter).  

 

3.3 What is the relationship between temperature & brightness?  
The relationship between temperature and brightness (or light) is especially relevant in physics, lighting, and astronomy, where 

it has a strong impact on our understanding of things like light sources and the perception of colour. Here’s how they are connected:  

1. Blackbody Radiation (Physics and Astronomy)  

When an object is heated, it emits light in a phenomenon known as blackbody radiation:  

• Hotter objects emit more light and are therefore brighter.  

• As temperature increases, the emitted light shifts toward shorter wavelengths. This means:  

o Lower temperatures emit more red or orange light.  

o Higher temperatures emit bluer or even ultraviolet light.  

• The colour and brightness of a star, for example, are directly related to its temperature. Cool stars appear red, 

while hot stars appear blue or white.  
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2. Colour Temperature in Lighting  

In artificial lighting, colour temperature (measured in Kelvin) describes the visual warmth or coolness of light:  

• Lower colour temperatures (around 2700K-3000K) produce a warm, yellowish light.  

• Higher colour temperatures (above 5000K) produce a cool, bluish light.  

• Brightness perception often correlates with colour temperature; cooler (bluer) lights feel brighter and more 

stimulating, while warmer (yellower) lights feel softer and more relaxing.  

3. Human Perception and Circadian Response  

• Brightness and temperature affect mood and energy. Warm, dim lighting (similar to sunset lighting) promotes 

relaxation, while bright, cool lighting (similar to daylight) is more stimulating and helps us feel more alert.  

• Light colour temperature and brightness also influence circadian rhythms, impacting our alertness and sleep-

wake cycle. Cooler light in the morning can help wake us up, while warmer, dimmer light in the evening prepares us for 

rest.  

4. Temperature-Dependent LED Brightness  

In LED technology, higher temperatures can reduce LED brightness and efficiency due to increased resistance and energy loss. 

Keeping LEDs cooler ensures they maintain optimal brightness and longevity.  

In summary, higher temperatures usually produce brighter and bluer light, while lower temperatures produce dimmer, 

warmer light. The perception of brightness and colour temperature in lighting can also influence how we feel and behave.  

With Respect to Architecture:  
In architecture, temperature and brightness (light) are closely linked in shaping comfort, energy efficiency, and aesthetics.  

1. Natural Light and Heat Control: Architects use building orientation and shading devices (like overhangs and 

louvers) to balance natural light with solar heat gain, enhancing comfort without overheating.  

2. Lighting Colour Temperature: Warm lighting (lower Kelvin) creates cozy spaces, suitable for homes and 

lounges, while cool lighting (higher Kelvin) is ideal for workspaces to boost focus. Dynamic lighting systems adjust 

brightness and colour temperature to match natural rhythms.  

3. Thermal Comfort with Materials: Insulation, reflective surfaces, and high-quality glazing manage heat and 

reduce glare. Light-coloured surfaces enhance brightness without adding heat.  

4. Energy Efficiency: Designs maximize daylight to cut artificial lighting use, and passive strategies like green 

roofs and low-emissivity windows help regulate indoor temperature naturally.  

5. Mood and Aesthetics: Light temperature affects space ambiance—warm tones create cosiness, while cool tones 

add clarity. Light and shadow bring depth, emphasizing textures and details.  

 

3.4 Findings 

 Higher temperatures often coincided with poorly shaded transparent glass windows, leading to increased reliance on air 

conditioning. 

 Cool lighting (higher Kelvin), particularly in workspaces, enhanced productivity, while warm lighting (lower Kelvin) 

in residential areas promoted relaxation. 

 Shading devices like egg crates and vertical fins reduced heat gain significantly while maintaining appropriate brightness 

levels. 

 

3.5 Practical Application 

In a public building, light-coloured roofing materials combined with egg crates on west-facing windows reduced indoor 

temperatures by 4–6°C, enhancing thermal comfort and cutting cooling costs. 

 

IV. FUTURE SCOPE: 

The future scope of this research lies in the development of smart technologies, including AI-driven HVAC systems, automated 

shading devices, and adaptive façades, to improve energy efficiency and occupant comfort. Developing cost-effective and scalable 

passive strategies will make climate-responsive architecture accessible to low-income communities and informal settlements. 

Customizing designs for diverse global climates and cultural contexts can broaden the applicability of these solutions. 

Implementations at the urban scale, such as green roofs and reflective materials, can reduce urban heat islands. Real-time data usage 

through IoT and analytics can optimize building performance and adaptability to environmental changes. Additionally, 

incorporating climate-responsive principles into building codes and urban planning policies can encourage wider adoption and 

sustainable urban development. 

  

V. CONCLUSION:  
This study highlights the importance of climatically responsive architectural detailing in finding solutions to warm and humid 

climates. By incorporating passive design strategies, advanced technologies, and traditional practices, a building can be expected 

to attain the highest level of energy efficiency with minimal thermal discomfort and thus sustainability. The methodologies used in 

this study-doing all the calculations: the shading device matrix, lux calculation, and temperature analysis-provide systematic ways 

for designing buildings that respond well to their environment. These tools enable architects to make informed decisions on shading, 

fenestration, and material selection, ensuring that designs are both functional and climate-adaptive. 

These outcomes underscore the need for balancing thermal and visual comfort using careful architectural detail. Strategies such as 

the adoption of shading devices, optimized natural ventilation, and the use of high thermal mass materials reduce reliance on energy 

use while improving the quality of the indoor environment. Besides, smart systems such as automated shading and dynamic glazing 

further enhance adaptability of the building to certain climatic conditions. 

Modern day applications bear strong indications from the traditional engagements including jaalis and shaded courtyards, and 

culturally contextual solutions should not be disregarded. However, as the research finds, there is a challenge from rapid 

urbanization and economic constraints in high-density developments. 
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In conclusion, climate responsive architecture goes beyond the design philosophy; it is a necessity in combating the effects of 

adverse climate. Bringing innovation technologies, interdisciplinary collaboration, and focus on sustainability together enables 

architects to design resilient buildings that are adaptable and human-centric in harmony with their environment. It goes beyond 

fixing today's problems, but rather provides the foundation for architectural design in a sustainable future. 
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