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This study focuses on improving the thermal environment of residential 

buildings, particularly in hot, dry climates, focusing on India’s hot and dry 

the thermal performance of buildings were investigated. These factors include 

the thermal mass, insulation, material characteristics, window design, and 

shading. By examining these elements, this study aims to enhance occupant 

comfort.Following the requirements of the Energy Conservation Building Code 

(ECBC), the study focuses on the thermal performance of envelope materials 

and design interventions suitable for India's hot and dry climate.A literature 

The main focus of the research is a case study analysis that compares modern 

and old building designs under extreme weather conditions, utilizing simulation 

like thick walls, courtyards, and less fenestration—achieve considerably lower 

interior temperatures than modern buildings, highlighting their potential as 

sustainable housing options in the future. For residential structures in hot and 
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As global temperatures continue to rise, indoor overheating has become an important issue for residential 
buildings in hot and dry climates, particularly in regions in India, such as Rajasthan, Gujarat, Maharashtra, 
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and Madhya Pradesh. The building Envelope includes all the building components that separate indoors from 
outdoors[1]. The building envelope consisted of walls, roofs, windows, and fenestrations. Increasing outdoor 
temperatures are the main cause of overheating in residences [2]. In this study, the overall hot and dry climatic 
conditions, issues of thermal discomfort, and indoor overheating control strategies were studiedwhile studying 
a previous case study of simulation-based comparison between traditional and modern materialsto control 
indoor temperature in residences of hot and dry climates in India.By examining the impact of these elements 
and referencing the Energy Conservation Building Code (ECBC) requirements, this analysis aims to  
provide an understanding of the optimization of building design in India's hot and dry climate for thermal 
comfort.

 Annual Temperature in India from 1901 to 2021 [3]

The objectives of the study are as follows:

dry regions.

2) Analyze through research and case studies how to control overheating in residences of hot and dry 
climates in India.

3) To provide recommendations for improving envelope design techniques to thermal comfort in upcoming 
house constructions in hot and dry climates.

There are following Scope and Limitations:

i) This study mainly focuses onbuilding components- walls, roofs, and windows.

ii) The study analysis was limited to the hot and dry climate of India.

The paper investigates using the methodology to collect and analyze previous research on overheating in 
buildings and thermal comfort in hot and dry climates.
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 The literature review was conducted based on the building envelope and thermal comfort as follows:
 

 Building envelope heat gain distribution in building [8]

(like choosing construction materials with high thermal inertia for walls and roofs, reducing window sizes, 
and adding solar protections), guarantees optimal comfort inside the building, even in challenging external 
conditions.
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According to research and consensus, a comfortable indoor temperature range in hot regions of India is 

involves the relationship between the occupants, the building itself, and the external environment. Achieving 
thermal comfort is vital for creating pleasant atmospheres and ensuring the well-being of users [9].It is typically 
described as a feeling of satisfaction with the thermal conditions. Researcher characterizes it as the lack of 
discomfort from heat or cold, or as a state of thermal well-being [10].

Selecting the right building materials is crucial for ensuring a comfortable indoor environment throughout 
the year. In other words, choosing the right materials for the building envelope serves as a passive strategy 
[11]. It is important to note that the building envelope not only separates the interior from the outside world 
but also protects the structure from climatic elements. Three main types of materials can be used for this 
envelope: opaque, transparent, and translucent. Heat can enter buildings primarily through transparent and 

these materials in relation to external temperature and humidity [12].
Thermal properties of buildings are given in Table 1.

Thermal Properties of Building Materials

Burnt Clay Brick 29 32 33

Stone Masonry 1.8 29 33

AAC Block 31 30 30

28 33 31 32

CSEB (300 mm) 32 30 31

Hollow Concrete Block (200 mm) 29 32 33

31 30 31

Double Glazed Glass 1.2 26 30 28 29

Single Glazed Glass 31 36

Gl Sheet 29 33 32 33

RCC 1.8 29 33

these zones are characterized by their typical weather patterns and statistical descriptions of various factors 

National Building Code (NBC): composite, temperate, cold, warm and humid, and hot and dry (NBC, 2016)
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The hot and dry climate is found in the central and western regions of India, including states like Rajasthan, 

 Geographical distribution of climatic zones in India [11]

U factor for Roof Assembly of residential buildings is 0.33 W/m2K for hot and dry climate according to 
ECBC Compliant Building [13].

Vertical Fenestration Assembly U-factor and SHGC Requirements for ECBC Buildings [9]

Maximum U-factor (W/m².K) 3.00
Maximum SHGC Non-North
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The author studied various case studies of buildings in hot and dry climates as follows:

In the south-west region of Algeria, the hot and arid climate has shaped the design of comfortable  
buildings. Residents have relied on traditional methods to regulate temperature. While the comfort needs  
have changed over time, modern designs often fall short. The summers are long and scorching, necessitating 
buildings that can withstand both heat and cold. Kenadsa, in particular, experiences extreme heat. This  

simulations.
 
 
 

and modern house (MH). The WD features a large central area exposed to the sky, while the AD has a  
smaller 1m×1m space. The houses face each other with no street-facing windows; instead, all windows  
open into an inner courtyard, designed with long, narrow shapes to block sunlight. Thick walls create deep 
shadows at the openings, and narrow ventilation slots, positioned away from the courtyard, remain open during 
the summer.

Ksar of Kenadsa, Algeria [6]

ain-ad-dar (AD), and modern house (MH). The WD model features a large central area exposed to the sky, 
while the AD model has a smaller area measuring 1m×1m. The houses are positioned facing each other, with 
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no windows facing the street. Instead, all windows open into an inner courtyard, designed with long, narrow 
shapes that block sunlight. A thick wall creates a deep shadow at the entrance, and narrow ventilation openings, 
positioned away from the courtyard, remain open during the summer.

 Model houses for simulation with particular zones [6]

simulation tool for transient energy systems. 

VISTA INTERNATIONAL JOURNAL ON ENERGY, ENVIRONMENT& ENGINEERING  VOLUME 10 (2025), ISSUE 1



8   I

Zone 1 (north) 1.08 30.30

Zone 2 (west) 30.36

Zone 3 (south)

1.98 6.21 12.32 28.60

Zone 1 (north) 0 10.39

Zone 2 (west) 0.12 10.20 11.80 30.89

Zone 3 (south) 1.00 8.16 12.00

6.00 9.26

Zone 1 (north) 26.23

Zone 2 (west)

Zone 3 (south) 39.63 / 8.19 39.01

19.81 21.82

Zone 1 (north) 6.08 13.03

Zone 2 (west) 6.62 30.33

Zone 3 (south) 12.89

12.08

Zone 1 (north) 0.09 8.91 31.89

Zone 2 (west)

Zone 3 (south) 36.09 / 2.80 1.82 6.18 29.01

0.66

Zone 1 (north) 23.91

Zone 2 (west) 39.88

Zone 3 (south) 6.11 6.11

2.89 38.61 13.91
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(for more compact urban fabric)

Zone 1 (north) 0.33 28.13

Zone 2 (west) 13.36 30.21

Zone 3 (south) 2.13 6.18

Zone 1 (north) 0.00 0.33

Zone 2 (west) 0.00 0.60 6.89 12.20 31.02

Zone 3 (south) 0.22 9.26 11.88

0.00 0.91 11.96

Zone 1 (north) 18.20

Zone 2 (west)

Zone 3 (south) 20.90 6.63

21.36 3.10

thermal comfort for modern houses made with hollow perpend structures. Additional simulations using alternative 
materials (hollow perpend for traditional and adobe/stone for modern constructions) reveal that the choice of 

For more compact urban fabric

Zone 1 (north) 2.89 26.98

Zone 2 (west) 11.89

Zone 3 (south) 29.08

11.83

Zone 1 (north) 33.38 / 2.98 0.00 0.88 12.06 31.81

Zone 2 (west) 0.00 1.32 12.03

Zone 3 (south) 12.38

0.00 8.91 11.83 31.08
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Zone 1 (north) 0.00

Zone 2 (west) 6.96 0.00

Zone 3 (south) 8.62 0.09

36.89 6.88 36.20 0.00

The simulation shows that modern houses are not well-suited to desert climates unless they rely on air-
conditioning. In contrast, two traditional houses (using stone adobe and hollow perpend) perform better in the 
summer.

can be made by optimizing features like the patio size, gallery width, and incorporating vegetation and water 
features. Additionally, using shading strategies helps maximize comfort. Future studies will look into how 
urban compactness impacts cooling and heating energy use.

within the hot and arid climate of Biskra. 

The city of Biskra, situated in southeastern Algeria, is characterized by its Saharan climate, which features 
high solar radiation levels, a cold winter, and a hot, dry summer. Geographically, Biskra is located at a latitude 

and August [10].
 

 The climatic zone and the geographic position of the city of Biskra [10]
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The Metrological characteristics of Biskra

the southeast in summer, with speeds ranging from 6 to 10 m/s. The building envelopes analyzed are the most 
common types of walls, roofs, and insulation found in residential houses and apartments in Biskra. This study 

between the indoor and outdoor. Various temperature and humidity measurements were taken indoors and 
outdoors in three typical rooms across three residential buildings.

Thermal properties of the chosen building envelope

Cement mortar 0.80 1000 1900 0.2
Plaster mortar 1008 0.2

Red Hollow brick 0.39 1000 1200
Full Cinder block 1080 20

Hollow body 1.2 1008 16
Compression slab 1008
Floated slab 1008 10

Air 1000 1
polystyrene 0.038 16-20
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In this research, we employed a quantitative approach to assess indoor thermal conditions through both 
on-site measurements and numerical simulations. The measurement protocol involved collecting data on air 

hygrothermal instrument. We recorded the ambient and surface temperatures, as well as relative humidity, on 
the surfaces of a wall, both inside and outside, as illustrated in Fig. 9.

 The Measuring positions of chosen parameters [10]

In the month of March (mild day), bi-hourly measurements were taken in the natural environment without the 
use of any active equipment, from 8:00 am to 10:00 pm. In order to evaluate the thermal comfort, a numerical 

simulation and energy consumption analysis of buildings. Based on real weather conditions (climatic weather data 

 Design Builder interface [10]

air conditioning). 

modeled and simulated (envelope and materials).
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Figure 11 illustrates the ambient air temperature readings taken inside the three cases. It is evident that, 
under the same outdoor temperature conditions, the indoor temperatures vary. This variation is attributed to 

2, where the walls are thicker and more durable, we observed that the indoor temperature (Ta) remains more 

materials, which retain the heat.

 The ambient Temperature of indoor measured in the three cases [10]

The temperature of wall surfaces is the radiant temperature. Thegraph illustrates the measured temperatures 
of indoor and outdoor wall surfaces across three scenarios. As seen in Fig. 12, cases 1 and 2 indicate that the 

which determine how heat is conducted, accumulated, and resisted, ultimately impacting the indoor ambient 
temperatures. Consequently, the heat absorbed by the walls is retained within the various layers of the building 
envelope.

 The wall surface (Ts) Temperature measured for three cases [10]
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Fig. 13 illustrates the temperature of the roof surface (Ts) across three scenarios. The graph displays the 

1 and case 3, which features a standard cement slab and 20cm hollow bricks, compared to case 2, which includes 

reduces heat transfer from the outside to the interior environment.

 The roof surface Temperature(Ts) measured for three cases [10]

 Simulation results of Temperature measured for three cases[10]

Hot and dry climate in India faces thermal discomfort in residences, and this problem is going to be worse 
in the future. This study has the following key conclusions.The simulation results indicate that without passive 
cooling strategies, modern residential buildings typically require air-conditioning to maintain thermal comfort, 
because of their design and materials; they do not suitably mitigate overheating.Traditional vernacular 

Walls with an air cavity or proper insulation showed more stable and lower indoor ambient temperatures 
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compared to conventional walls. The indoor wall surface temperatures in cases with thicker walls showed an 

insulation, and passive cooling construction techniques meant to the climate to passively manage heat gains 
and improve occupant comfort.

bchousing.org/publications/What-Is-Building-Envelope.pdf

[2] Agarwal, Aditi & Samuelson, Holly. (2021). Too Hot to Stay at Home: Residential Heat Vulnerability in 
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GREEN DESIGN for urban & rural buildings in Hot-Dry climate zone. Central Public Works Department.
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