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Abstract - Achieving thermal comfort in built environments is essential for sustainable development, especially in arid areas 

like Rajasthan, where extreme summer heat poses challenges for conventional construction practices. This paper explores the 

incorporation of vernacular construction techniques, such as lime plaster on red burnt brick walls and the use of locally sourced 

Dulmera sandstone, in modern sustainable architecture. Traditionally used indoors, lime plaster facilitates natural 

breathability, humidity control, and thermal regulation, which supports green building principles. Dulmera sandstone, utilized 

on exterior façades, boasts high thermal mass and natural insulation properties, which help minimize internal heat gain without 

relying on mechanical solutions. These materials not only lower energy consumption but also assist in achieving green 

certification standards like GRIHA and LEED, particularly regarding passive design and material requirements. The paper 

proposes a hybrid model that combines these traditional practices with contemporary technologies, such as insulation layering, 

structural retrofitting, and smart ventilation systems. This method promotes energy efficiency, occupant comfort, and cultural 

continuity while adhering to environmental policies focused on carbon reduction and climate adaptation. Through case studies 

and performance evaluations, this paper underscores the promise of region-specific, climate-responsive strategies in developing 

future-ready sustainable buildings, particularly within institutional and organizational contexts throughout the Western part of 

Rajasthan in India. This approach not only enhances the resilience of structures against extreme weather conditions but also 

fosters a sense of community and identity by integrating local architectural styles. By prioritizing sustainable practices, 

stakeholders can ensure that future developments are both environmentally responsible and culturally relevant, paving the way 

for a more sustainable future in the region. This commitment to sustainability addresses the immediate challenges posed by 

climate change and empowers local communities by creating job opportunities and promoting the use of indigenous materials. 

To understand the hybrid model, two diverse urban patches of Bikaner, the vernacular area and the modern colonial settlement, 

respectively, were analyzed. A hybrid model, focused on in this paper, emphasizes integrating traditional materials and passive 

strategies in the development of contemporary urban forms. As a result, these developments can serve as models for other 

regions, demonstrating the potential for harmonizing modern needs with traditional values. Values, fostering a sense of pride 

and ownership among residents. By integrating traditional practices with innovative technologies, these projects can help 

preserve cultural heritage while addressing contemporary issues, ultimately leading to resilient and vibrant communities. 

 

Keywords - Vernacular architecture, Thermal comfort, Sustainable construction, Lime plaster, Dulmera sandstone, Passive 
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1. Introduction  
The Thermal comfort assessment in built environments is 

essential in arid and semi-arid regions, especially in Western 

Rajasthan, where summer temperatures often exceed 45°C. 

The severe climate, coupled with low humidity and intense 

solar radiation, necessitates building solutions that are both 

climate-responsive and energy-efficient. Although modern 

construction typically relies on mechanical systems like air 

conditioning and ventilation to ensure comfort, this 

dependence significantly raises energy consumption, 

operational costs, and carbon emissions. In contrast, 

traditional Rajasthani architecture embodies a wealth of local 

knowledge, or the vernacular architecture that employs 

passive cooling techniques, making it inherently sustainable 

and well-suited to its environment [1]. Among the most 

effective traditional methods are the use of lime plaster and 

locally sourced Dulmera sandstone, which are materials that 

feature prominently in heritage buildings across the Bikaner 

district. The Rampuria Havelis, a notable cluster of 19th-

century mansions in Bikaner, epitomize this approach. These 
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structures feature thick walls made from red burnt bricks 

covered in lime plaster on the interior and finely dressed 

Dulmera sandstone on the exterior. The hygroscopic 

properties of lime plaster help regulate humidity and buffer 

indoor temperatures, while the sandstone's high thermal mass 

reduces heat transfer, keeping interiors cool even during peak 

heat [2].  

These enduring techniques not only offer thermal comfort 

but also contribute to long-term durability and low 

maintenance. However, modern construction has largely 

neglected these practices in favour of concrete and synthetic 

materials. This paper argues that incorporating the discussed 

vernacular techniques with contemporary building systems 

can lead to thermally comfortable, energy-efficient, and 

environmentally sustainable constructions, as evaluated with 

the help of a comparative analysis of two distinct patches of 

the same city showing change in development [3].  

Moreover, the proposed methods can assist in facilitating 

compliance with green building rating systems like GRIHA 

and LEED, which increasingly acknowledge the value of 

regional materials and passive design strategies. By revisiting 

and adapting these traditional practices, the modern 

sustainability targets can be met without sacrificing climatic 

suitability or cultural heritage. This paper clearly examines the 

integration of traditional construction methods, such as lime 

plaster on red burnt brick walls and locally sourced Dulmera 

sandstone, into modern sustainable architecture. Traditionally 

used indoors, lime plaster enhances breathability, humidity 

control, and thermal regulation, supporting eco-friendly 

building principles. Dulmera sandstone, applied on exterior 

façades, offers high thermal mass and natural insulation, 

reducing internal heat gain without mechanical systems. 

These materials lower energy use and help meet green 

certification standards related to passive design and material 

quality. The study in the paper suggests a hybrid approach that 

combines traditional practices with modern technologies, 

including insulation layers, structural retrofitting, and smart 

ventilation, to boost energy efficiency, comfort, and cultural 

heritage. This approach aligns with carbon reduction and 

climate adaptation policies, ensuring future developments are 

environmentally responsible and culturally meaningful. To 

cover the research gap, the proposed initiatives can serve as 

models for other regions under similar climatic conditions, 

which would blend modern needs with traditional values or 

heritage practices with innovative solutions. The suggestions 

in this paper can preserve cultural identity while addressing 

current challenges, leading to resilient and sustainable 

communities. 

2. Literature Review 
The architectural heritage of Rajasthan exemplifies an 

adaptive response to extreme climatic conditions through the 

application of passive design techniques and locally sourced 

materials. Numerous scholars have investigated the ways in 

which traditional practices in arid regions, particularly in 

Western Rajasthan, have successfully achieved thermal 

comfort without reliance on mechanical systems. According 

to Mehta (2014), vernacular residences in locales such as 

Bikaner were purposefully designed with thick masonry walls, 

internal courtyards, and shaded façades to optimize ventilation 

and mitigate heat ingress. These features, in conjunction with 

indigenous materials, significantly contribute to indoor 

thermal regulation [4]. 

The chosen region of study demonstrates how vernacular 

construction practices evolved in response to the hot, arid 

climate. In the old city, dense urban layout with application of 

locally sourced materials on buildings like Dulmera 

sandstone, lime plaster, mud mortar, and red burnt bricks 

provides excellent thermal insulation, passive cooling, and 

long-term sustainability. These materials and techniques were 

climate-responsive, culturally rooted, and environmentally 

friendly. In contrast, the modern extensions of Bikaner city 

have largely adopted RCC, synthetic paints, and glass façades, 

which are unsuitable materials for the region and often lead to 

higher energy consumption. Reintegrating traditional 

materials and knowledge systems into modern construction, 

through hybrid techniques like lime-treated brick walls, novel 

stone cladding techniques, and passive ventilation systems, 

could improve thermal comfort, support cultural continuity, 

and promote sustainability. This approach is imperative for 

developing a climate-resilient urban fabric that balances 

heritage conservation with contemporary growth in Bikaner.  

Lime plaster, extensively utilized as both an internal and 

external wall finish, possesses remarkable hygroscopic 

properties that buffer indoor humidity and stabilize interior 

temperatures. The material’s chemical composition and 

physical properties enable it to absorb and release moisture, 

thereby enhancing occupant comfort while also providing 

resistance to heat and microbial growth. In contrast to cement 

plaster, lime-based finishes exhibit breathability and possess 

lower embodied energy [5]. Equally noteworthy is the 

utilization of Dulmera sandstone in the façades of traditional 

Havelis in Bikaner. This locally sourced sandstone, 

characterized by its high thermal mass and low thermal 

conductivity, effectively delays heat transfer from the exterior 

to the interior during peak daytime temperatures. When 

employed in combination with lime plaster and traditional 

construction techniques, such as recessed windows, high 

ceilings, and ventilated courtyards, these materials create a 

synergistic effect that enhances thermal performance.  

This paper focuses on the novelty of bridging vernacular 

knowledge with contemporary needs by comparing old and 

new city areas, as demonstrated in the comparative study 

section of this paper, which contributes scalable strategies for 

thermal comfort. It addresses a critical gap by proposing 

region-specific, material-conscious solutions adaptable to 

modern sustainability frameworks [6]. The following is the 
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generated data for the climate summary through the CBE 

Clima tool, considering Bikaner’s EPW file. 

Location: Bikaner, India,  

Longitude: 73.2772,  

Latitude: 28.0207,  

Elevation above sea level: 224.0 m,  

This file is based on data collected between 2009 and 

2023. 

Köppen–Geiger climate zone: BWh. Subtropical desert. 

Average yearly temperature: 27.3 °C (Figure 1) 

Hottest yearly temperature (99%): 43.4 °C (Figure 2 and 

Figure 3) 

Coldest yearly temperature (1%): 7.3 °C (Figure 3) 

Annual cumulative horizontal solar radiation: 2037.92 

kWh/m2,  

Age of diffuse horizontal solar radiation: 26.7% (Figure 

4). 

 
Fig. 1 Average dry bulb temperature range of bikaner 

 
Fig. 2 Heat map of bikaner 

 

Month Mean(°C) std (°C) min(°C) 1% (°C) 25% (°C) 50% (°C) 75% (°C) 99% (°C) max (°C) 

Jan 14.68 5.86 2.9 4.7 10 14.35 18.6 27.5 28.8 

Feb 19.75 6.01 6.4 7.21 15.4 19.6 24 33.66 34.8 

Mar 25.92 4.82 16.4 17.8 22 25.3 29.9 35.96 37 

Apr 31.91 5.07 19.4 22.44 27.9 31.7 35.92 41.78 42.6 

May 35.15 5.43 22.9 24.53 31 34.55 39.52 46.2 46.9 

Jun 35.74 4.1 26.4 27.24 32.68 35.3 38.52 46.46 47.8 

Jul 33.27 3.87 25.3 26.33 30.08 33.1 36.02 42.06 43.6 

Aug 31.57 3.01 25.9 26.34 29.3 30.8 33.8 38.4 38.9 

Sep 31.44 3.83 23.4 24.2 28.3 30.8 34.8 39 39.9 

Oct 28.75 4.81 19.6 20.2 25 27.9 32.6 38 38.8 

Nov 22.3 4.89 10.6 11.36 18.5 22 26.3 32.56 34 

Dec 16.58 5.31 4.5 6.74 12.5 15.6 20.6 27.76 29.6 

Year 27.28 8.49 2.9 7.3 21.7 28.6 33.5 43.44 47.8 
Fig. 3 Descriptive temperature statistics of Bikaner 
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Fig. 4 Global and diffuse horizontal solar radiation (Wh/m²) 

 
Contemporary research underscores the potential of these 

materials in modern sustainable construction. Assessment 

tools such as LEED and GRIHA currently advocate for the use 

of regional and low-impact materials [7]. However, their 

widespread implementation in contemporary architecture 

remains restricted. Scholars such as Sharma (2022) contend 

that the integration of vernacular wisdom with modern 

technologies, such as thermal simulation and energy 

modeling, has the potential to bridge this gap and follow the 

regionally adaptive, sustainable construction practices, which 

are suitable for the region [8]. 

 

 
Fig. 5 Seasonal wind rose 

     

 

 

Fig. 6 Psychrometric charts as per ASHRAE Standard 55-2023 (adaptive model) 
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The part of Figure 5 shows Observations between the 

months of December and February between 01:00 hours and 

24:00 hours. Selected observations 2160 of 8760, or 24 %. 436 

observations have calm winds. Observations between the 

months of Mar and May between 01:00 hours and 24:00 hours. 

Selected observations 2208 of 8760, or 25 %. 137 

observations have calm wind. 

 

The psychrometric graphs in Figure 6 show that the tested 

condition (marked by the red circle) is beyond the designated 

comfort zone, supporting the statement that occupants may 

feel both heated and dissatisfied. The similarity between the 

CBE tool (Center for the Built Environment) and field survey 

outputs adds credibility to the simulation results for thermal 

comfort evaluation in this indoor setting. 

2.1. Theoretical Framework 

The study's foundation is passive design, which highlights 

the importance of hygrothermal regulation and thermal mass 

in building performance. Green building guidelines and 

sustainability objectives are supported by the incorporation of 

historic elements into modern frameworks. This approach not 

only enhances energy efficiency but also preserves cultural 

heritage, creating a harmonious blend of old and new. By 

prioritizing these principles, architects and builders can 

contribute to a more sustainable future while respecting the 

past [9]. 

 

2.2. Vernacular Architecture and Thermal Performance 

Research indicates that lime plaster's moisture buffering 

capabilities contribute to indoor thermal regulation, while 

Dulmera sandstone's high thermal mass reduces heat ingress 

[10]. These materials have been effectively used in traditional 

Rajasthani architecture to combat extreme temperatures [11]. 

 

The above map shows planned roads and colonies of the 

outer part of the old city of Bikaner, where houses are planned 

with compact planning. There are no observed courtyards, and 

as a result, there is more dependency on mechanical 

ventilation. 

 

2.2.1. Green Building Certifications and Regional Adaptation 

Green building rating systems like GRIHA and LEED 

recognize the importance of local materials and passive design 

strategies. Incorporating vernacular practices can aid in 

achieving certification by meeting energy efficiency and 

occupant comfort criteria.  

 

2.2.2. Case Study Selection for Hybrid Model Development 

and Performance Evaluation 

To develop a hybrid model by integrating vernacular and 

modern construction practices, two extremes, contrasting 

urban patches within the city of Bikaner were selected using 

ArcGIS Earth imagery as shown in Figure 7 and 8: one from 

the old city with dense, compact vernacular fabric, and another 

from a modern residential colony characterized by rough grid-

planned roads, modern planning and open surroundings. The 

selection criteria included variation in street layout, building 

typology, construction materials, and microclimatic response. 

The hybrid model proposes retrofitting and new constructions 

using vernacular materials such as Dulmera stone cladding, 

lime plaster, and passive cooling elements within modern 

layouts to achieve a climate-responsive design model. 

Performance evaluation includes thermal simulation, material 

analysis, and comparative on-site measurements of indoor 

temperatures, wind flow patterns, and surface radiation during 

peak summer months. This dual site selection strategy allows 

for assessing the adaptability and efficacy of vernacular 

techniques when reintroduced in contemporary urban forms. 

 

 
Fig. 7 The old unplanned and walled city of Bikaner 

 

 
Fig. 8 New and planned city of Bikaner showing compact plans 

without a courtyard 
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Considering information on contemporary and traditional 

case studies as displayed in Figures 7 and 8, the following is a 

comparison between modern planned development and the 

historic unplanned old city fabric (Havelis cluster). 

Table 1. Unplanned old city -Havelis cluster area [Author] 

Haveli No. Height (Ground + Floors) Site Area (approx.) 
Closed Space Area 

(approx.) 
BCR (%) 

1 G+2 (Stone masonry/Haveli) 150–300 m² 120–250 m² 70–85% 

2 G+2 (Stone masonry/Haveli) 100–250 m² 90–210 m² 75–85% 

3 G+2 (Stone masonry/Haveli) 120–220 m² 100–200 m² 80–90% 

4 G+2 (Stone masonry/Haveli) 180–280 m² 140–260 m² 70–85% 

 
Table 2. Planned development- modern area [Author] 

House No. Height (Ground + Floors) Site Area (approx.) 
Closed Space Area 

(approx.) 
BCR (%) 

1 G+2 (Modern RCC) 250–450 m² 130–260 m² 50–60% 

2 G+2 (Modern RCC) 300–500 m² 150–280 m² 50–55% 

3 G+2 (Modern RCC) 350–600 m² 160–320 m² 45–55% 

4 G+2 (Modern RCC) 400–650 m² 180–350 m² 45–50% 
Note: BCR = Built-up Coverage Ratio (closed area ÷ site area * 100), Key Observations: Material differences, layout irregularities, space planning, 

and street networking significantly influence microclimate, pedestrian movement, and urban living conditions across both areas. Thermal comfort 

parameters are equally distinct. 

 

Fig. 9 Spatial planning and comfort analysis: comparison between cluster planning and open planning areas of Bikaner 

 

Figure 9 shows a comparison between a modern home in 

an open environment and the spatial design of a Haveli in the 

old city of Bikaner, evaluating the key factors like density, 

privacy, social interaction, ventilation, open space usage and 

thermal comfort. 

 

3. Methodology 
3.1. Materials and Methods 

The study involves a comparative analysis of buildings 

utilizing traditional materials versus those employing modern 

construction techniques. Materials for data collection include 

thermal measurements and occupant comfort surveys. 

3.2. Conceptual Boundaries 

The study focuses on structures in Western Rajasthan, a 

location known for its harsh desert climate, in which high 

temperatures and low humidity substantially impact the built 

environment. In this context, the study investigates how 

locally available materials, such as lime plaster and Dulmera 

sandstone, are employed in traditional construction processes 

to solve climate change challenges.  

 

The availability of these materials has a significant impact 

on building sustainability and thermal performance. It 

considers the cultural significance of these materials, which 

are strongly ingrained in the local vernacular architecture and 
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reflect the region's historical and architectural identity. Its goal 

is to emphasize the possibilities for incorporating these 

materials and traditional construction processes into current 

practices by studying how they have been adapted to local 

ecological conditions.  

 

This novel approach not only promotes environmental 

stewardship but also fosters a sense of the region’s pride and 

sustainability of architectural values. By merging modern 

techniques with vernacular methods, structures that respect 

the past can be created while addressing the pressing needs of 

the present and future with supportive comparative analysis 

[12]. 

 

3.3. Inclusion Criteria 

The inclusion criteria for this study have been established 

on site with permission from the residents of the vicinity to 

conduct field surveys and with the help of digital parameters. 

To ensure applicability to the environmental, material, and 

performance contexts of Western Rajasthan. First, the study 

looks at structures that use lime plaster and/or Dulmera 

sandstone, as these materials are crucial to the study's focus on 

vernacular construction and thermal performance.  

 

Lime plaster is noted for its breathability and moisture-

regulating capabilities, while Dulmera sandstone has a high 

thermal mass, both of which help to improve indoor comfort 

in hot, dry settings. Second, only structures in Rajasthan's 

desert zones are included, particularly those subjected to harsh 

summer temperatures and low humidity, to ensure that the 

climatic backdrop is consistent with the study's objectives. 

Finally, buildings must have readily available thermal 

performance data, either from on-site measurements, past 

studies, or published simulations [13].  

 

This criterion is essential for objectively evaluating how 

traditional materials influence thermal behavior and for 

comparing performance with modern construction 

approaches. Together, these criteria help identify cases that are 

representative of region-specific construction practices and 

suitable for assessing their relevance in contemporary 

sustainable architecture.  

 

By establishing a clear framework for evaluating these 

buildings, researchers can better understand the impact of 

traditional materials on energy efficiency and overall 

sustainability. This knowledge informs future architectural 

designs and encourages a more thoughtful integration of 

historical practices into modern construction methodologies 

[14, 15]. 

 

3.4. Exclusion Criteria 

The exclusion criteria are set to ensure the study's 

findings are authentic and reliable. Buildings that have 

undergone considerable renovations, such as replacing 

original lime plaster or Dulmera sandstone with modern 

materials like cement or concrete, are not eligible. Such 

changes can affect the assessment of conventional thermal 

performance, making it impossible to separate the effects of 

vernacular materials and procedures. Furthermore, structures 

with insufficient documentation or data on their thermal 

performance are not evaluated. It is difficult to assess and 

compare their effectiveness in delivering thermal comfort 

without trustworthy data, whether from field measurements, 

historical records, or modeling studies. These exclusions 

ensure that the selected case studies appropriately reflect 

traditional construction processes while also providing 

relevant insights into their role in sustainable architecture. 

 

3.5. Validating the Search Result 

Validating search results is an important step in ensuring 

the reliability and quality of the data utilized in this study. This 

technique entails comparing field measurements, such as 

indoor temperature, humidity levels, and thermal response 

over time, with modeling results from software tools such as 

EnergyPlus or DesignBuilder. Differences between actual and 

simulated performance can be recognized and rectified, 

increasing the trustworthiness of findings reached.  

 

Additionally, the data is compared to conclusions from 

current scholarly literature to ensure consistency and 

contextual relevance. Experts in architectural restoration and 

climate-responsive design are often consulted to help validate 

conclusions. The multi-layered validation approach confirms 

the authenticity of the chosen cases and demonstrates the 

broader applicability of incorporating vernacular practices 

into modern sustainable building frameworks [16]. 

 

4. Results 
Preliminary findings show that buildings built with lime 

plaster and Dulmera sandstone outperform modern structures 

in terms of thermal control. These traditional buildings 

reliably keep internal temperatures below acceptable ranges, 

decreasing or eliminating the need for artificial cooling even 

during peak summer months.  

 

Case studies from Bikaner show that older buildings 

within the walled city, with narrow streets, internal courtyards, 

and dense urban fabric, improve passive cooling through 

reciprocal shadowing and controlled airflow. Modern city 

expansions outside the historic core, with broader highways 

and exposed building envelopes, are more prone to heat gain 

and discomfort.  

 

The findings highlight the efficacy of combining material 

performance with contextual urban design, emphasizing the 

importance of vernacular planning strategies in sustainable 

development. Below is the heat loss calculation as per the 

applied vernacular material in the ancient homes of Rajasthan 

to maintain indoor thermal comfort, especially in peak 

summers, shown in Figure 10. 
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Fig. 10 Heat loss calculation chart of the vernacular home of Rajasthan 

5. Discussion 
The incorporation of traditional materials such as lime 

plaster and Dulmera sandstone into modern architecture 

offers a viable approach to achieving thermal comfort and 

sustainability in dry locations like Western Rajasthan. 

Because of their low embodied energy and local availability, 

these materials lessen reliance on mechanical cooling 

systems while also supporting environmentally friendly 

activities. However, there are still obstacles in integrating 

these vernacular practices with modern building standards, 

structural safety requirements, and large-scale construction 

procedures. Additionally, competent labor for traditional 

craftsmanship is increasingly scarce, providing barriers to 

widespread use. Despite these limitations, the study shows 

that combining traditional materials with current 

technologies, such as insulation systems and thermal models, 

can produce climate-responsive designs. Such hybrid 

techniques can satisfy both performance and cultural 

sustainability goals in the urban development of the city [17, 

18]. 

6. Conclusion  
An efficient strategy to improve thermal comfort in 

Rajasthan's severe climate is to revive traditional building 

techniques like the use of lime plaster and Dulmera 

sandstone. Because of their low embodied energy and 

Inherent insulating qualities, these materials—which have 

their roots in local knowledge systems—are climate-resilient 

and environmentally sustainable. According to this study, 

conventional structures made of these materials continuously 

keep their interior temperatures lower without requiring a lot 

of mechanical assistance. These results highlight the 

materials' potential to support sustainable development, 

particularly in dry areas [19].  

 

Furthermore, by incorporating indigenous techniques 

into modern building design, regional architectural identity is 

preserved, and future construction is guaranteed to be both 

environmentally responsible and culturally appropriate. This 

study emphasizes even more how crucial it is to use 

contemporary analytical methods to assist vernacular 

construction processes [20].  

 

To verify climate data and evaluate indoor comfort levels 

in conventional structures, the CBE Thermal Comfort Tool 

was utilized. The close alignment of modeling and field 

observation results showed how reliable these materials are 

at controlling internal temperatures. Furthermore, it was 

discovered that passive cooling was improved by urban 

planning features like the shaded streets, interior courtyards, 

and dense layouts seen in Bikaner's old districts. 

 

On the other hand, heat gain is often made worse by 

contemporary planning that features exposed structures and 

dispersed layouts. This disparity bolsters the claim that local 

materials combined with urban morphology are essential for 

fostering thermal comfort and energy efficiency. Although 

there are many advantages to incorporating traditional 

building methods into contemporary construction, several 

obstacles need to be removed to allow for wider adoption. 

These include the requirement for further training in legacy 

craftsmanship, revised construction rules that allow for 

traditional materials, and demonstration projects that 

highlight performance and scalability.  

 

Opportunities for alignment are presented by the 

growing recognition of local materials and passive design 

techniques by frameworks such as GRIHA and LEED [21, 

22]. To achieve environmental performance and cultural 

preservation goals, this study promotes a hybrid approach 

that combines conventional techniques with contemporary 

technologies and analytical tools. These long-standing 

methods can contribute to the creation of tomorrow's robust, 

sustainable buildings with the correct policies [23, 24]. 

 

Future research should focus on conducting long-term 

performance monitoring of structures employing traditional 
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materials like lime plaster and Dulmera sandstone over 

several seasons to build on the insights gained from this 

study. This would give us a more thorough grasp of how they 

behave in a variety of climates outside of the hottest summer 

months. To satisfy these materials' current safety and 

performance criteria, it is also necessary to investigate 

creative building methods that combine conventional 

materials with modern systems like thermal insulation, 

energy modeling, and structural reinforcements.  

 

Standardized rules for incorporating such materials into 

green building certification systems like GRIHA and LEED 

could also be the focus of future research. Furthermore, to 

assess how these materials function under various design 

models, extensive simulation studies spanning diverse urban 

typologies could be carried out utilizing programs like 

EnergyPlus or the CBE Thermal Comfort Tool. It would also 

be beneficial to compare Rajasthan's traditional and modern 

advancements, particularly in the fast-growing metropolitan 

areas of Bikaner and Jodhpur. In the interest of improving 

thermal comfort and sustainability in hot, dry regions, this 

paper encourages the possibilities of using passive methods 

and vernacular materials in newly developed urban areas. 

Future studies can evaluate long-term performance analysis 

through a bigger window of time, real-time monitoring, and 

extend this hybrid strategy across a variety of urban 

typologies covered under similar climatic conditions. 

 

Nevertheless, there are various obstacles, including the 

lack of technically skilled craftsmen for stone masonry 

installation in a novel way and lime work implementation for 

thermal comfort, monitoring gaps in building regulations that 

acknowledge traditional materials, and inventor resistance 

because of perceived costs or unfamiliarity. Scaling such 

climate-responsive design solutions requires addressing these 

issues through governmental backing, education, and updated 

skill training programs. To ensure that the sustainability 

benefits of vernacular practices are fully realized in future 

urban development, interdisciplinary research involving 

architects, conservationists, policymakers, and local artisans 

is crucial to preserving indigenous knowledge of the region 

while adapting it to the modern demands of time and region. 

References 
[1] Paul Oliver, Encyclopedia of Vernacular Architecture of the World, Cambridge University Press, 1997. [Google Scholar] [Publisher Link] 

[2] J.M. Ballester, Vernacular Architecture in the Modern Concept of Cultural Heritage, Vernacular Architecture: Towards a Sustainable 

Future, 1st ed., CRC Press, 2014. [Google Scholar] [Publisher Link] 

[3] Marcel Vellinga, “The Noble Vernacular,” The Journal of Architecture, vol. 18, no. 4, pp. 570-590, 2013. [CrossRef] [Google Scholar] 

[Publisher Link] 

[4] Ozone Cell, Ministry of Environment, Forest & Climate Change, Passive and Low Energy Cooling Strategies for Achieving Thermal 

Comfort in India’s Upcoming Affordable Housing, Government of India, 2022. [Online]. Available: https://ozonecell.nic.in/wp-

content/uploads/2022/09/3-Passive-and-low-energy-cooling-strategies.pdf 

[5] A.A. Madhumathi, and B.M.C. Sundarraja, “Experimental Study of Passive Cooling of Building Facade Using Phase Change Materials 

to Increase Thermal Comfort in Buildings in Hot Humid Areas,” International Journal of Energy and Environment, vol. 3, no. 5, pp. 739-

748, 2012. [Google Scholar] [Publisher Link] 

[6] Amit, and Roshni Ashok Bawane, “Traditional vs. Contemporary Climate-Responsive Architecture: Assessing Sustainable Efficiency for 

the Future,” International Journal for Research Trends in Social Science & Humanities, vol. 12, no. 1, pp. 1-6, 2025. [Publisher Link] 

[7] Griha Council, GRIHA V.2019, Volume 1, Introduction to National Rating System - GRIHA An Evaluation Tool to Help Design, Build, 

Operate, and Maintain a Resource-Efficient Built Environment, GRIHA Council and The Energy and Resources Institute, pp. 1-137, 2021. 

[Online]. Available: https://www.grihaindia.org/sites/default/files/pdf/Manuals/griha-manual-vol1.pdf 

[8] S.S. Sheble et al., “Thermal Performance of Building Envelope in Very Hot Dry Desert Region in Egypt (Toshky),” Proceedings of the 

Tenth International Conference for Enhanced Building Operations, Kuwait, pp. 1-11, 2010. [Google Scholar] [Publisher Link] 

[9] Jawdat Goussous, Hussain Alzoubi, and Ghada Bader, “The Impact of Using Natural Stone on Thermal Performance of Building 

Envelopes in Hot Regions: Case of Al-Karama Town, Jordan,” Civil Engineering and Architecture, vol. 11, no. 5A, pp. 3125-3141, 2023. 

[CrossRef] [Google Scholar] [Publisher Link] 

[10] S. Kumar, and S.K. Pandey, “Trace Fossils from the Nagaur Sandstone, Marwar Supergroup, Dulmera Area, Bikaner District, Rajasthan, 

India,” Journal of Asian Earth Sciences, vol. 38, no. 3-4, pp. 77-85, 2010. [CrossRef] [Google Scholar] [Publisher Link] 

[11] R.M. Damle, N. Khatri, and R. Rawal, “Experimental Investigation on Hygrothermal Behaviour of Cement and Lime Plaster,” Building 

and Environment, vol. 217, 2022. [CrossRef] [Google Scholar] [Publisher Link] 

[12] Paulina Faria, Fernando Henriques, and Vasco Rato, “Comparative Evaluation of Lime Mortars for Architectural Conservation,” Journal 

of Cultural Heritage, vol. 9, no. 3, pp. 338-346, 2008. [CrossRef] [Google Scholar] [Publisher Link] 

[13] Najwa Kartasasmita et al., “Implementation of Natural Cooling Systems with the Concept of Traditional Javanese Houses,” IOP 

Conference Series: Earth and Environmental Science, vol. 1488, pp. 1-9, 2025. [CrossRef] [Google Scholar] [Publisher Link] 

[14] Vismaya Paralkar, and Rashmin Damle, “Moisture Buffering and Mold Growth Characteristics of Naturally Ventilated Lime Plastered 

Houses,” UCL Open Environment, vol. 6, no. 1, pp. 1-25, 2024. [CrossRef] [Google Scholar] [Publisher Link] 

https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=P.+Oliver+Encyclopedia+of+Vernacular+Architecture+of+the+World&btnG=
https://www.cambridge.org/us/universitypress/subjects/arts-theatre-culture/architecture/encyclopedia-vernacular-architecture-world
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Vernacular+architecture+in+the+modern+concept+of+cultural+heritage&btnG=
https://www.taylorfrancis.com/chapters/edit/10.1201/b17393-6/vernacular-architecture-modern-concept-cultural-heritage-ballester
https://doi.org/10.1080/13602365.2013.819813
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=The+noble+vernacular.+The+Journal+of+Architecture&btnG=
https://www.tandfonline.com/doi/abs/10.1080/13602365.2013.819813
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Experimental+Study+of+Passive+Cooling+of+Building+Facade+Using+Phase+Change+Materials+to+Increase+Thermal+Comfort+in+Buildings+in+Hot+Humid+Areas&btnG=
https://www.ijee.ieefoundation.org/vol.3_issue5_2012.htm
https://ijrtssh.com/2025/06/traditional-vs-contemporary-climate-responsive-architecture_697/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Thermal+Performance+of+Building+Envelope+in+Very+Hot+Dry+Desert+Region+in+Egypt+%28Toshky%29&btnG=
https://oaktrust.library.tamu.edu/items/c4b8bb18-2a8f-46ba-8c6c-486f82a1fd1f
https://doi.org/10.13189/cea.2023.110823
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=The+Impact+of+Using+Natural+Stone+on+Thermal+Performance+of+Building+Envelopes+in+Hot+Regions%3A+Case+of+Al-Karama+Town%2C+Jordan&btnG=
https://www.hrpub.org/journals/article_info.php?aid=13478
https://doi.org/10.1016/j.jseaes.2009.10.003
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Trace+Fossils+from+the+Nagaur+Sandstone%2C+Marwar+Supergroup%2C+Dulmera+Area%2C+Bikaner+District%2C+Rajasthan%2C+India&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S1367912009002338
https://doi.org/10.1016/j.buildenv.2022.109098
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Experimental+Investigation+on+Hygrothermal+Behaviour+of+Cement+and+Lime+Plaster&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0360132322003353
https://www.sciencedirect.com/author/55515104200/paulina-faria
https://doi.org/10.1016/j.culher.2008.03.003
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Comparative+Evaluation+of+Lime+Mortars+for+Architectural+Conservation&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S1296207408000587
https://iopscience.iop.org/journal/1755-1315
https://iopscience.iop.org/journal/1755-1315
http://doi.org/10.1088/1755-1315/1488/1/012007
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Implementation+of+Natural+Cooling+Systems+with+the+Concept+of+Traditional+Javanese+Houses&btnG=
https://iopscience.iop.org/article/10.1088/1755-1315/1488/1/012007
https://doi.org/10.14324/111.444/ucloe.1988
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Moisture+Buffering+and+Mold+Growth+Characteristics+of+Naturally+Ventilated+Lime+Plastered+Houses&btnG=
https://journals.uclpress.co.uk/ucloe/article/id/1988/


Ruma Kalla et al. / IJCE, 12(8), 63-72, 2025 

 

72  

[15] Samirsinh P. Parmar, and Debi Prasad Mishra, “Passive Cooling Techniques in Medieval Indian Stepwells,” Frontiers of Architectural 

Research, vol. 13, no. 6, pp. 1447-1460, 2024. [CrossRef] [Google Scholar] [Publisher Link] 

[16] Tools, Center for the Built Environment, 2019. [Online]. Available: https://cbe.berkeley.edu/resources/tools/ 

[17] ArcGIS Desktop, ArcGIS Desktop 10.8.x System Requirements, ESRI, 2021. [Online]. Available: 

https://desktop.arcgis.com/en/arcmap/latest/get-started/setup/arcgis-desktop-system-requirements.htm 

[18] Sunanda Kapoor, and Gadha Braham, “Climate Responsive Techniques of Vernacular Architecture: A Sustainable Approach,” Journal of 

Electrical Systems, vol. 20, no. 11, pp. 3433-3442. [CrossRef] [Publisher Link] 

[19] Aruna Baghel, Priyanka Mehta, and Anshu Agrawal, “Vernacular Architecture of Jodhpur: A Resilient Approach to Sustainable 

Environment,” ShodhKosh: Journal of Visual and Performing Arts, vol. 5, no. 1, pp. 785-815, 2024. [CrossRef] [Google Scholar] 

[Publisher Link] 

[20] Sriraj Gokarakonda, and Ankit Kumar, “Passive Architectural Design Index Applied to Vernacular and Passive Buildings,” International 

Journal of Environmental Studies, vol. 73, no. 4, pp. 563-572, 2016. [CrossRef] [Google Scholar] [Publisher Link] 

[21] Ming Shan, and Bon-gang Hwang, “Green Building Rating Systems: Global Reviews of Practices and Research Efforts,” Sustainable 

Cities and Society, vol. 39, pp. 172-180, 2018. [CrossRef] [Google Scholar] [Publisher Link] 

[22] Russell M. Smith, “ ‘Green’ Building in India: A Comparative and Spatial Analysis of the LEED-India and GRIHA Rating Systems,” 

Asian Geographer, vol. 32, no. 2, pp. 73-84, 2015. [CrossRef] [Google Scholar] [Publisher Link] 

[23] National Building Code, Bureau of Indian Standards: The National Standards Body of India, 2016. [Online]. Available: 

https://www.bis.gov.in/standards/technical-department/national-building-code/ 

[24] Niharika Barwal, and J. Vijayalaxmi, “Assessing the Performance of Vernacular and Green Buildings in a Warm and Humid Climate,” 

Sustainable Building Performance, pp. 153-172, 2025. [CrossRef] [Google Scholar] [Publisher Link] 

 

https://doi.org/10.1016/j.foar.2024.03.014
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Passive+cooling+techniques+in+medieval+Indian+stepwells&btnG=
https://www.sciencedirect.com/science/article/pii/S209526352400075X#:~:text=Besides%20this%2C%20provisions%20for%20natural,were%20used%20in%20various%20Stepwell.
https://doi.org/10.52783/jes.8110
https://journal.esrgroups.org/jes/article/view/8110
https://granthaalayahpublication.org/open-access-research-database/index.php?P=SearchResults&F5=%3DShodhKosh%3A+Journal+of+Visual+and+Performing+Arts
https://dx.doi.org/10.29121/shodhkosh.v5.i1.2024.732
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Vernacular+Architecture+of+Jodhpur%3A+A+Resilient+Approach+to+Sustainable+Environment&btnG=
https://www.granthaalayahpublication.org/Arts-Journal/ShodhKosh/article/view/732
https://doi.org/10.1080/00207233.2016.1178982
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Passive+Architectural+Design+Index+applied+to+vernacular+and+passive+buildings&btnG=
https://www.tandfonline.com/doi/abs/10.1080/00207233.2016.1178982
https://www.sciencedirect.com/author/41961820100/ming-shan
https://www.sciencedirect.com/author/23667370700/bon-gang-hwang
https://doi.org/10.1016/j.scs.2018.02.034
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Green+Building+Rating+Systems%3A+Global+Reviews+of+Practices+and+Research+Efforts&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S2210670717314567
https://doi.org/10.1080/10225706.2015.1020065
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Green+Building+in+India%3A+A+Comparative+and+Spatial+Analysis+of+the+LEED-India+and+GRIHA+Rating+Systems&btnG=
https://www.tandfonline.com/doi/abs/10.1080/10225706.2015.1020065
https://link.springer.com/chapter/10.1007/978-981-96-2428-7_8#auth-Niharika-Barwal
https://link.springer.com/chapter/10.1007/978-981-96-2428-7_8#auth-J_-Vijayalaxmi
https://doi.org/10.1007/978-981-96-2428-7_8
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Assessing+the+Performance+of+Vernacular+and+Green+Buildings+in+a+Warm+and+Humid+Climate&btnG=
https://link.springer.com/chapter/10.1007/978-981-96-2428-7_8

