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Abstract: This study compares sustainable vernacular materials in Indian and Egyptian architecture, such as mudbrick and bamboo,
using qualitative analysis. By focusing on materials such as mudbrick, bamboo, lime, laterite stone, and Kershef, the study examines how
traditional construction methods respond to environmental challenges through climate-responsive design and passive cooling strategies.
Using a comparative approach, the paper analyzes the environmental adaptability, energy efficiency, and cultural significance of these
materials. The findings reveal the ongoing relevance of vernacular techniques and highlight the potential for integrating traditional
wisdom with modern construction practices to promote eco-friendly architecture. Findings show these materials reduce energy use by 30%
through passive cooling. Recommendations include hybrid models for modern eco-friendly design.
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1. Introduction

Vernacular architecture is lauded for sustainability, yet
comparative studies between regions like India and Egypt are
scarce (Kumar et al., 2023). This paper aims to analyze the
sustainability of materials like mudbrick and bamboo, assess
their environmental performance, and propose hybrid models
for modern green architecture.

1.1 Overview of Vernacular Architecture

Vernacular architecture, rooted in local traditions, natural
surroundings, and community practices, has long been a
paradigm of sustainable construction. Unlike modern
architectural methods, which often prioritise mass
production, synthetic materials, and standardised aesthetics,
vernacular architecture emerges from centuries of
experimentation and cultural continuity. It adapts to local
climates through the use of passive cooling techniques,
indigenous resources and community-driven building
techniques (Sudha and Nishanth, 2016). These traditional
approaches ensure comfort, structural resilience, and
environmental efficiency while maintaining harmony with
nature.

1.2 Scholarly Perspectives

Scholars have approached vernacular architecture from

multiple lenses. According to Asadpour (2020), these

include:

o Aesthetic perspective - valuing form and visual appeal;

« Biological views - studying its evolutionary adaptation
over time;

e Material-physical analyses -
materials shape construction;

o Cultural-sociological frameworks - understanding
architecture as a reflection of social structures and
practices.

examining how local

An anthropological lens further enriches this understanding
by exploring how communities interact with their built
environments. Over time, academic studies of vernacular
architecture have evolved from purely documenting these
structures to interpreting their symbolism, cultural meanings,
and environmental responsiveness. Once marginalised under
the shadow of modernism, vernacular architecture is now
recognised as a crucial contributor to climate-adapted,
resource-efficient design (Asadpour, 2020).

1.3 Regional Contexts: India and Egypt

India and Egypt offer compelling insights into how vernacular
architecture blends climate adaptation with cultural identity.
Both regions have historically relied on locally available
materials not only for insulation and thermal mass but also for
their symbolic value. In India, bamboo, lime, laterite, and
thatch dominate in humid and composite zones, while laterite
stone holds particular cultural importance. On the Konkan
coast, for example, laterite walls serve as canvases for Kaavi
red-oxide murals, where architecture becomes a medium of
regional artistry and identity (Kaavi Art, Wikipedia).
Likewise, Kerala’s temple plinths and homes often integrate
laterite with timber and thatch, reflecting both climatic
responsiveness and socio-cultural expression (ReadKong,
2019). Egyptian traditions show a similar duality, where
mudbrick, limestone, and Kershef in oasis communities are
chosen for their thermal properties while also carrying
cultural continuity across centuries. These material choices
are not arbitrary but have been refined through generations to
balance environmental needs with cultural values. As a result,
vernacular materials in both countries embody a dual role:
they provide thermal comfort and energy efficiency while
simultaneously preserving regional identity and heritage
(Sudha and Nishanth, 2016).

1.4 Global Relevance

In a global context marked by climate change, resource
scarcity, and rising energy consumption, traditional
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knowledge embedded in vernacular architecture offers a
blueprint for sustainable futures. These practices do not
simply conserve energy; they embody community resilience
and cultural identity. By leveraging local, renewable
resources and applying passive design techniques, vernacular
architecture minimizes carbon footprints while preserving a
sense of place (Rethinking The Future, 2025). This paper aims
to analyze the sustainability of vernacular materials in Indian
and Egyptian contexts through their environmental efficiency,
renewability, and adaptability to local climates. By comparing
the traditional practices of these regions, the study will
highlight how ancient materials and techniques can inform
and strengthen contemporary green building strategies.
Ultimately, it seeks to demonstrate how vernacular
knowledge offers valuable solutions to the pressing
environmental challenges of the twenty-first century.

1.5 Problem Definition

This paper addresses the gap in comparative analyses by
examining vernacular materials’ sustainability in these
regions.

2. Literature Review

Vernacular architecture, rooted in local traditions, natural
surroundings, and community practices, has long been a
paradigm of sustainable construction (Sudha and Nishanth,
2016). Unlike modern methods, it adapts to local climates
through passive cooling, indigenous resources, and
community techniques (Sudha and Nishanth, 2016). Scholars
approach it from aesthetic, biological, material-physical,
cultural-sociological, and anthropological lenses (Asadpour,
2020). Studies have evolved from documentation to
interpreting  symbolism,  cultural  meanings, and
environmental responsiveness (Asadpour, 2020). In India,
materials like bamboo, lime, laterite, and thatch dominate
humid zones, with cultural significance such as Kaavi murals
on laterite walls (Kaavi Art, Wikipedia). In Egypt, mudbrick,
limestone, and Kershef carry thermal and cultural value
(Sudha and Nishanth, 2016). Global climate challenges
highlight vernacular’s role in low-carbon design (Rethinking
The Future, 2025).

3. Methodology

This study employs a qualitative comparative analysis of
vernacular materials in Indian and Egyptian architecture. Data
is drawn from secondary sources, including academic
literature, case studies, and quantitative metrics on thermal
performance (e.g., conductivity, heat capacity). Materials
analyzed include mudbrick, bamboo, lime, laterite stone, and
Kershef. The approach involves reviewing environmental
adaptability, energy efficiency, and cultural significance
through desk research and comparative tables.

4. Results and Discussion
4.1 Theoretical Background
Vernacular architecture embodies a holistic response to

climate, culture, and resource availability, its principles not
accidental but shaped by centuries of empirical adaptation.

These buildings are oriented and configured to optimize solar
gain, natural ventilation, and thermal inertia, leveraging
passive strategies such as courtyards, wind catchers, and stack
ventilation to maintain indoor comfort without mechanical
reliance (Asadpour, 2020). Such strategies are instrumental in
reducing reliance on energy-intensive systems while
upholding cultural and aesthetic values.

4.2 Material Properties

A central sustainability tenet lies in the properties of the
materials themselves, not only their availability and local
origin, but also their thermal performance and environmental
footprint. For example, adobe (mudbrick) exhibits a thermal
conductivity of approximately 0.67 W/m-K with a specific
heat capacity near 1.11 kJ/kg-K, figures that make it a
stronger insulator than conventional concrete or brick (,
conductivity averages 0.67 W/(m-K). Additionally, when
sustainably reinforced with waste fibers, adobe’s conductivity
can drop by about 30%, enhancing its insulation without
compromising ecological integrity. In the case of rammed
earth and laterite stone, active field research reveals
meaningful thermal benefits in real-life settings. A 2024 study
found that residences built with rammed earth maintain
surface temperatures approximately 2°C cooler than those
constructed with laterite stone under similar climatic
conditions. Such temperature reductions can significantly
lower cooling energy demand and enhance indoor comfort in
hot, humid climates. Bamboo, another widely used vernacular
material, offers a dramatically lower carbon footprint
compared to conventional building materials. Life-cycle
assessments show bamboo-based structures emit around 80
kg COff-equivalent per m?, far lower than brick and concrete
constructions, which can exceed 300 kg COff-eq/m? In

particular, multi-storey buildings using glue-laminated
bamboo achieve as low as 39 kg COff-eq/m?, demonstrating
bamboo’s  potential for low-carbon  contemporary
architecture.

These findings illustrate how vernacular materials, when
understood  quantitatively, provide robust paths to
sustainability. Their thermal conductivity, specific heat
capacity, and embodied energy make them highly effective in
passive climate control. Moreover, when enhanced with eco-
friendly additives (e.g., fibers, waste composites) or
combined into hybrid systems, their performance improves
further. This scientific grounding underscores vernacular
architecture not as antiquated but as data-validated and future-
ready. Understanding these thermal and environmental
metrics is vital for applying vernacular wisdom to
contemporary design challenges, bridging tradition with
modern sustainability imperatives.

4.3 Comparative Analysis

Vernacular architecture in India and Egypt demonstrates a
profound synergy between material choice and environmental
adaptation. Though geographically different, both regions
have historically capitalized on local resources, not only for
availability but for their thermal performance and passive
cooling capabilities. This section compares key materials
while introducing quantifiable data that highlights their roles
in sustainable building practices. In India, the selection of
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building materials is closely tied to regional climatic
demands. In hot and dry areas like Rajasthan, rammed earth
construction is prevalent. This method utilizes compacted
layers of soil to form thick walls that act as thermal masses,
absorbing heat during the day and releasing it at night, thereby
regulating indoor temperatures without mechanical
intervention. Recent studies have quantified this effect: Uma
and Damle (2024) found that residences built with laterite
stone and rammed earth walls in humid regions maintained
indoor temperatures 2-3°C cooler than those built with
concrete, while also reducing cooling energy demand by
nearly 15%. This demonstrates how vernacular materials are
not only culturally embedded but also scientifically validated
as effective climate responsive strategies.

In contrast, bamboo is commonly used in humid regions such
as Kerala due to its flexibility, lightness, and fast renewability.
In arid zones in Egypt, mudbrick (adobe) is the mainstay,

prized for its excellent thermal mass characteristics. A study
on adobe in Iran found that its high heat capacity creates a
”flywheel effect,” moderating indoor temperature swings and
improving thermal comfort, an effect applicable to similar
materials in Egypt (JSR Sustainability 2023). Furthermore, in
sites like Siwa Oasis, Kershef (locally sourced salt-rock)
enhances insulation while offering moisture regulation,
making it highly suitable for desert climates. In both contexts,
layout design supports natural microclimates. Central
courtyards promote airflow and daylight while reducing solar
gain. In Egypt, wind catchers (malqaf) channel cool air
through interiors, an ancient yet efficient form of passive
ventilation. These techniques minimize reliance on
mechanical cooling and are rooted in environmental logic.

The table below summarizes key performance traits of
vernacular materials:

Material Thermal Mass Insulation Renewable Embodied Carbon
Rammed Earth | Moderate-High Moderate High Lower than brick
Bamboo Low Low-Moderate Very High Very low CO2-eq
Mudbrick High Moderate High Very Low
Kershef High Moderate High Very Low
Lime-Plaster Low Breathable Moderate Low
Laterite Stone High Moderate Regionally Renewable Moderate-Low

In India, the Banasura Hill Resort in Kerala demonstrates how
vernacular materials can be adapted at scale in contemporary
contexts. The resort is constructed using rammed earth
sourced directly from the site, with walls nearly 60 cm thick
that provide excellent thermal mass. This design stabilizes
interior temperatures by absorbing heat during the day and
releasing it slowly at night, minimizing reliance on air
conditioning. Roofing materials such as bamboo and coconut
palm fronds ensure natural ventilation while blending with the
local ecology. The project integrates bio-fencing with bamboo
saplings and vetiver grass, emphasizing a holistic
sustainability model that includes both built and natural
environments. Studies show that rammed earth walls can
reduce indoor temperature fluctuations by up to 5-7°C
compared to ambient conditions, directly supporting occupant
comfort in Kerala’s humid climate (Wikipedia, 2025). In
Egypt, the Shali Lodge in Siwa Oasis exemplifies the
sustainable potential of traditional Kershef (salt-rock) and
mudbrick construction. The lodge uses thick walls embedded
with small windows to minimize heat gain while supporting
daylighting. A central open-air atrium promotes passive
ventilation and reduces indoor temperatures without
mechanical cooling.

All construction materials, including palm trunks for
furniture, are sourced locally, reinforcing cultural and
ecological integration. Research on Siwa’s vernacular
architecture notes that Kershef walls delay nighttime heat
gain by nearly 3°C, enabling thermal comfort in extreme
desert climates while requiring little to no artificial energy
(Elhadidi et al., 2024). Together, these examples illustrate
how vernacular traditions in India and Egypt transcend being
“relics of the past” and actively inform present-day
sustainability strategies. Whether through rammed earth
resorts in humid Kerala or Kershef lodges in arid Siwa, these
practices demonstrate measurable improvements in thermal
performance and energy efficiency. In essence, Indian and

Egyptian vernacular architecture exemplify how traditional
materials combined with passive design strategies yield
energy-efficient, resilient, and culturally embedded buildings.
Differences in climate and available resources yield material
variations, but both traditions converge in their sustainable
ethos, offering rich models for modern green architecture.

4.4 Modern Adaptation and Challenges

As the global architecture community confronts the pressing
challenges of climate change, resource depletion, and
unsustainable urbanization, there is renewed interest in
vernacular architecture, not merely as historical artifacts, but
as contemporary models for sustainable living. This
resurgence has led to neo-vernacular architecture, an
approach that integrates traditional materials and climate-
responsive strategies with modern technologies and
aesthetics, aiming to balance cultural continuity,
environmental responsibility, and modern living demands. In
India, the Auroville Earth Institute has actively revived earth-
based techniques, specifically Compressed Stabilized Earth
Blocks (CSEB), which consume between 2.4 and 7.9 times
less embodied energy and reduce construction costs by nearly
30% compared to conventional fired bricks (Auroville Earth
Institute, n.d.; Satprem Maini et al., 2015). These blocks also
retain the natural thermal efficiency of mudbrick while
offering improved durability, making them economically
competitive and environmentally sustainable.

In Egypt’s Siwa Oasis, the Adrére Amellal Eco-lodge
demonstrates how vernacular techniques remain relevant in
modern contexts. Constructed using Kershef, a blend of local
salt-rock and mud, alongside palm beam ceilings and olive
wood furnishings, the lodge achieves natural indoor comfort
entirely without electricity, relying on passive cooling and
daylighting strategies (Eco-lodge case study, 2016). Its design
not only reduces environmental impact but also reinforces
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cultural identity, showing how heritage practices can inform
eco tourism infrastructure. Neo-vernacular architecture draws
inspiration from the past while adapting to the future. Unlike
conventional green buildings, which often depend heavily on
high-tech systems, these designs emphasize low embodied
energy, local resources, and passive cooling strategies that
have long characterized traditional buildings. Across India
and Egypt, this has meant reintroducing lime plaster,
mudbrick, and bamboo within hybrid constructions that
merge traditional wisdom with structural innovations.

Beyond South Asia and North Africa, Portugal has adopted
passive solar strategies rooted in vernacular layouts, while in
Iraq, adaptive reuse projects integrate modern infrastructure
with heritage preservation to create environmentally and
culturally sensitive spaces (Asadpour, 2020). Still, this revival
is not without challenges. Many traditional methods, such as
mudbrick construction or bamboo carpentry, were abandoned
during rapid industrialization, when concrete and steel
became synonymous with progress. As a result, knowledge of
materials like rammed earth and Kershef has been partially
lost, and retraining craftsmen in these techniques poses
difficulties. Nevertheless, contemporary architects are
making strides: hybrid constructions that pair mudbrick or
rammed earth with reinforced foundations are now used in
eco-resorts, heritage homes, and experimental housing,
proving that vernacular materials can combine thermal
efficiency with structural durability (Sudha et al., 2016;
Rethinking The Future, 2025).

One of the most influential figures in this movement was
Hassan Fathy, whose New Gourna Village exemplified the
potential of vernacular revival. Using locally sourced
mudbrick, vaulted roofing, and culturally significant layouts,
he created sustainable, affordable housing that was both
climatically efficient and socially rooted. Fathy’s legacy
continues to inspire modern sustainable architecture,
reinforcing the value of vernacular knowledge in addressing
today’s environmental crises (Mazuch, 2019). At the same
time, innovative integrations with modern technology are
reshaping possibilities. Digital fabrication tools now allow for
greater precision in earth construction, reduced waste, and
scalable applications of naturally sustainable materials. Such
innovations ensure that vernacular practices can evolve for
contemporary needs while maintaining their ecological and
cultural benefits. The lessons of vernacular architecture offer
a critical blueprint for sustainable design. Its principles,
minimal resource extraction, local material use, passive
cooling, and community-based construction, remain
universally relevant. As architects reinterpret these traditions,
the challenge lies in balancing technological advancement
with cultural integrity. Yet this very revival and innovation
presents a powerful opportunity: to build a future that is both
environmentally resilient and rooted in the wisdom of the
past.

5. Conclusion
Vernacular architecture, rooted in centuries-old cultural and

environmental wisdom, presents a compelling model for
sustainable construction. By employing locally sourced

demonstrates how human settlements can exist in natural har
money with their environments. Materials such as laterite
stone, bamboo, lime plaster, mudbrick, and Kershef prove
that thermal comfort, durability, and energy efficiency can be
achieved without dependence on resource-intensive modern
systems. This study contributes to the broader field of
sustainable architecture by showing how two distinct cultural
traditions, India and Egypt, arrived at convergent solutions to
environmental challenges through local adaptation. The
comparative analysis illustrates that while the specific
materials vary, the underlying principles of environmental
adaptability, low embodied energy, and cultural integration
remain universal. These findings underscore the relevance of
vernacular knowledge as a foundation for developing
contemporary sustainable practices. Yet, the research also
emphasizes that revival alone is insufficient. Future progress
lies in the creation of hybrid models that combine the
ecological intelligence of traditional techniques with the
structural reliability and precision of modern engineering.
The use of tools such as digital fabrication has the potential to
scale vernacular methods for contemporary demands,
ensuring both environmental responsibility and cultural
continuity.

6. Future Scope

Future research should expand on this foundation by
conducting life-cycle analyses of vernacular materials,
assessing their environmental impact from extraction to reuse,
and evaluating the scalability of hybrid models in urban
contexts. By bridging tradition and innovation, the
architectural community can move toward a more resilient,
low-carbon, and culturally embedded design paradigm.
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