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Abstract: Increasing urbanization and rising ambient temperatures have significantly affected indoor
thermal comfort in residential buildings, particularly in tropical regions such as India. Conventional
reinforced cement concrete (RCC) roofs absorb large amounts of solar radiation, resulting in higher
indoor temperatures and increased energy consumption for cooling systems. Cool Roof Technology has
emerged as an effective passive cooling solution that reduces heat gain through roofing surfaces. This
study investigates the implementation of Cool Roof Technology using an insulated double slab system for
residential buildings. The proposed roof system consists of an RCC structural slab, waterproofing layer,
Expanded Polystyrene (EPS) thermocol insulation, fiber-reinforced protective concrete, and a reflective
coating layer. The insulation layer minimizes heat transfer, while the reflective coating reduces solar
radiation absorption. The research evaluates the effectiveness of this roofing system in improving indoor
thermal comfort and reducing energy demand for cooling. Results indicate that cool roof technology can
significantly reduce roof surface temperature and indoor heat gain, leading to improved living
conditions and lower electricity consumption. The study highlights the potential of cool roofs as a
sustainable and cost-effective solution for residential buildings in hot climatic regions.

Keywords: Cool Roof Technology, Thermal Insulation, Energy Efficiency, Residential Buildings, EPS
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L. INTRODUCTION
Background: Buildings account for a significant portion of global energy consumption, particularly due to cooling
requirements in hot climates. In tropical countries like India, residential buildings are often constructed with reinforced
cement concrete (RCC) roofs, which absorb and store solar radiation during daytime and release heat into indoor
spaces.
This heat gain leads to uncomfortable indoor conditions and increased dependence on mechanical cooling systems such
as fans and air conditioners. As urban populations increase, energy demand for cooling is rising rapidly.
Cool Roof Technology provides an effective passive cooling solution that reduces solar heat gain through roof surfaces
by using reflective coatings and insulation materials.

Problem Statement:

Traditional roofing systems in residential buildings have several limitations:
e  High heat absorption from solar radiation
e Increased indoor temperature during summer
e Higher electricity consumption for cooling

Copyright to IJARSCT
www.ijarsct.co.in

DOI: 10.48175/568 301

| 2581-9429 |1
R\ 1JARSCT /3
& <




(I IJARSCT

xx International Journal of Advanced Research in Science, Communication and Technology
IJARSCT International Open-Access, Double-Blind, Peer-Reviewed, Refereed, Multidisciplinary Online Journal
ISSN: 2581-9429 Volume 6, Issue 6, March 2026 Impact Factor: 8.2

e Reduced thermal comfort for occupants
Therefore, there is a need for energy-efficient roofing systems that reduce heat gain while maintaining structural
integrity.

Objectives:
The main objectives of the study are:
e To study the concept and working principle of Cool Roof Technology
e To design an insulated roof system suitable for residential buildings
e To evaluate the effectiveness of thermal insulation in reducing heat gain
e To analyze the benefits of reflective roofing materials
e To promote sustainable and energy-efficient building construction
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Fig 1: Concept of Cool Roof Technology showing reflection of solar radiation.

II. LITERATURE SURVEY
Concept of Cool Roof Technology: Cool roofs are designed to reflect more sunlight and absorb less heat than standard
roofs. These roofs use highly reflective materials or coatings that reduce surface temperature and decrease heat transfer
into buildings.
Importance of Thermal Insulation: Thermal insulation materials such as Expanded Polystyrene (EPS), polyurethane
foam, and mineral wool are commonly used to reduce heat flow through building envelopes. Insulation layers
significantly improve thermal performance of roofs and reduce indoor heat gain.
Previous Research Studies: Several studies have shown that cool roofs can reduce roof surface temperature by 10—
25°C compared to conventional roofs. This reduction leads to lower indoor temperatures and reduced air-conditioning
loads.
Researchers have also demonstrated that reflective coatings combined with insulation layers provide better performance
compared to single-layer roofing systems.
Applications in Residential Buildings: Cool roof systems are increasingly used in residential buildings in hot climates
to improve thermal comfort, reduce energy consumption, and mitigate urban heat island effects.
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III. MATERIALS AND METHODOLOGY
3.1 Study Approach
The research focuses on designing and analyzing a cool roof system suitable for residential buildings. The
proposed roofing structure consists of multiple layers designed to reduce heat transfer.

3.2 Roof System Configuration
The cool roof system includes the following layers:
1. RCC structural slab
Waterproofing layer
Expanded Polystyrene (EPS) thermocol insulation (40 mm thickness)
Fiber-reinforced protective concrete layer
Reflective coating layer (cool roof paint)
Each layer contributes to thermal resistance and protection against environmental conditions.
40mm Protective Screed

RN

50mmX50mm gauge 12 mesh
25mm thick insulation
40mm thick supporting strips

waterproofing layer
100mm thick structural slab

Fig 2: Layered structure of the proposed cool roof system.

3.3 Materials Used

1. RCC Slab

Provides structural strength and load-bearing capacity.

2. Waterproofing Layer

Prevents water seepage and protects insulation materials.

3. EPS Thermocol Insulation

Expanded Polystyrene (EPS) is a lightweight insulation material with low thermal conductivity, making it effective in
reducing heat transfer.

4. Fiber Reinforced Concrete Layer

Protects the insulation layer and improves durability.

5. Reflective Coating

High-albedo coating reflects solar radiation and reduces roof surface temperature.
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3.4 Advantages of Cool Roof Technology
e  Reduces indoor temperature
e Improves thermal comfort
e Decreases energy consumption for cooling
e Enhances roof durability
e Environmentally sustainable solution
e Reduces urban heat island effect

IV. RESULTS AND IMPLICATIONS

Results
Assumed Data for Calculation
Parameter Conventional Roof | Cool Roof System
Roof Area (A) 100 m? 100 m?
Outside Roof Temp (T;) 60°C 45°C
Inside Temp (T5) 30°C 30°C
Thermal Conductivity (k) | 1.7 W/m-K (RCC) 0.035 W/m-K (EPS insulation)
Thickness (L) 0.12m 0.04 m

1. Heat Transfer for Conventional RCC Roof
Temperature difference
AT =T,-T,
AT =60 —30 =30°C

Substituting values:
_ (1.7)(100)(30)
B 0.12
Q =42500 W

Heat transfer through conventional roof = 42.5 kW

2. Heat Transfer for Cool Roof with EPS Insulation
Temperature difference
AT = 45— 30 = 15°C

Substituting values:
_ (0.035)(100)(15)

0.04
Q=1312.5W

Heat transfer through cool roof = 1.31 kW

3. Heat Reduction Achieved
Heat Reduction = 42500 — 1312.5
=4118 75 W
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4118 75
Reduction = ————— x 100

42500
~ 96.9%
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Studies indicate that cool roof systems can reduce roof surface temperature by approximately 10-20°C, depending on

climatic conditions and materials used.
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Fig 3: Comparison of roof surface temperature between conventional roof and cool roof system.

4.3 Energy Savings

Lower indoor temperatures reduce the need for mechanical cooling systems, resulting in lower electricity consumption

and reduced energy costs.

4.4 Environmental Benefits

e Cool roof technology contributes to:

e Reduced energy consumption

e Lower greenhouse gas emissions

Mitigation of urban heat island effect
Improved indoor thermal comfort

V.
Conclusion

CONCLUSION AND FUTURE SCOPES

Cool Roof Technology provides an effective and sustainable solution for reducing heat gain in residential buildings.
The use of reflective coatings and insulation materials significantly lowers roof surface temperature and improves

indoor thermal comfort.

The proposed insulated roof system using EPS thermocol and reflective coating demonstrates strong potential for
reducing energy consumption and improving living conditions in hot climatic regions. Adoption of cool roof
technology can contribute to energy-efficient buildings and sustainable urban development.
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Future research may focus on long-term performance analysis, cost optimization, and integration with green building
practices.

Future Scopes
Cool Roof Technology has significant potential for improving thermal performance and energy efficiency in residential
buildings, particularly in hot and tropical climates. Although the present study demonstrates the feasibility of insulated
cool roof systems, several areas require further research and development.

e Integration with Renewable Energy Systems

e Advanced Insulation Materials

e Long-Term Performance Analysis

e Application in Large-Scale Housing Projects

e Smart and Adaptive Roofing Systems

e Reduction of Urban Heat Island Effect

e  Economic and Cost-Benefit Analysis

e Development of Green Building Standards

FUTURE IMPACT OF COOL ROOF TECHNOLOGY IN RESIDENTIAL BUILDINGS
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Figure 4: Future impact of large-scale adoption of cool roof technology in residential areas.

REFERENCES
[1]. K. S. Kulkarni, G. Singh, and R. Premi, “A detailed investigation on thermal performance and energy savings
of cool roof systems for composite climates of India,” Advances in Building Energy Research, vol. 18, no. 5,
pp. 453-474, 2024.
[2]. H. H. Saber and W. Maref, “Energy performance of cool roofs followed by development of practical design
tool,” Frontiers in Energy Research, vol. 7,2019.
[3]. M. Al-Obaidi et al., “Experimental characterization of reflective coating material for cool roofs in hot, humid
and dusty climate,” Energy and Buildings, vol. 242, 2021.
[4]. Y. Chen et al., “The advancement of research in cool roof: Super cool roof, temperature-adaptive roof and
crucial issues of application in cities,” Energy and Buildings, vol. 291, 2023.
[5]. Environmental and Energy Study Institute, “Fact Sheet: Cool Roofs,” Washington, DC, 2012.
[6]. A Abd-Elrahman et al., “Experimental study of the impact of cool roof on solar PV electricity generation on
building rooftops,” International Journal of Low-Carbon Technologies, vol. 14, no. 2, pp. 267-276, 2019.
Copyright to IJARSCT : DOI: 10.48175/568
www.ijarsct.co.in

306

N\
7 1SN\
4 2581-9429 |




705 IJARSCT

xx International Journal of Advanced Research in Science, Communication and Technology l\
IJARSCT International Open-Access, Double-Blind, Peer-Reviewed, Refereed, Multidisciplinary Online Journal

ISSN: 2581-9429 Volume 6, Issue 6, March 2026 Impact Factor: 8.2

[7]. X. Li, J. Peoples, P. Yao, and X. Ruan, “Remarkable daytime sub-ambient radiative cooling in BaSO,
nanoparticle films and paints,” Energy & Environmental Science, 2020.

[8]. H. Ma et al., “Flexible daytime radiative cooling enhanced by hierarchical porous composite coatings,”
Advanced Materials Research, 2021.

[9]. D. Fork et al., “Estimating high-resolution albedo for urban applications,” Urban Climate Research, 2025.

[10]. M. Degeorges et al., “Radiative cooling and thermoregulation of building facades with micropatterned
directional emitters,” Energy Materials Research, 2024

Copyright to IJARSCT
www.ijarsct.co.in

DOI: 10.48175/568 307

| 2581-9429 |1
R\ 1JARSCT /3
2 55




