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Abstract Low-carbon architecture has emerged as a central strategy in mitigating climate
change impacts associated with the built environment, which currently accounts for a
substantial proportion of global carbon dioxide emissions. The construction sector contributes
to greenhouse gas emissions through energy-intensive material production, transportation,
construction processes, and operational energy use over a building’s life cycle. In response,
architects, planners, and policymakers are increasingly focusing on locally available materials
and indigenous construction practices as viable pathways toward carbon reduction. This paper
examines the role of locally sourced building materials and vernacular construction practices
in achieving low-carbon architectural outcomes. Emphasis is placed on life-cycle carbon
reduction, embodied energy minimization, cultural adaptability, climatic responsiveness, and
socio-economic sustainability. Drawing on recent scholarly literature from 2023, the study
synthesizes theoretical frameworks, material performance analyses, and global as well as
regional case studies. The discussion highlights materials such as earth, bamboo, stone, timber,
lime, and agro-based by-products, alongside traditional practices including passive cooling,
courtyard planning, and climate-responsive orientation. The paper further evaluates the
environmental, economic, and social implications of local material use, identifies challenges
related to scalability, regulation, and perception, and proposes integrative strategies for
mainstreaming low-carbon, locally grounded architectural practices.

Keywords: Low-carbon architecture, locally available materials, embodied energy, vernacular

practices, sustainable construction, climate-responsive design

1. Introduction
The urgency of addressing climate change has placed the built environment under intense
scrutiny, as buildings and construction activities account for approximately 37—40 percent of

global energy-related carbon emissions according to recent assessments cited in architectural
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sustainability literature (Sharma, 2023; Nguyen, 2023). Conventional construction practices

rely heavily on carbon-intensive materials such as Portland cement, steel, aluminum, and glass,
whose extraction, processing, and transportation significantly elevate embodied carbon levels.
Additionally, standardized design approaches often disregard local climatic conditions,
resulting in increased operational energy demand for heating, cooling, and lighting.
Low-carbon architecture represents a paradigm shift that seeks to reduce emissions across the
entire building life cycle, from material sourcing and construction to operation and end-of-life
management. One of the most promising yet underutilized strategies within this paradigm is
the use of locally available materials and traditional construction practices. These approaches,
rooted in regional knowledge systems, evolved over centuries in response to climate, resource
availability, and socio-cultural needs, inherently optimizing material efficiency and thermal
comfort (Kumar, 2023).

This paper argues that locally available materials and practices are not merely nostalgic or
culturally symbolic elements but constitute scientifically valid, environmentally responsible
solutions for contemporary low-carbon architecture. By examining recent research and
practical applications, the study demonstrates how local resources can significantly reduce

embodied energy, foster resilience, and promote inclusive sustainability.

Other Sectors
Building Operations

Building Construction & Materials Industry (Non-construction)

Transport

Figure 1 Global Carbon Emissions Contribution of the Building and Construction

Sector (2023)
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2. Conceptual Framework of Low-Carbon Architecture

Low-carbon architecture is founded on the principle of minimizing greenhouse gas emissions
throughout the building life cycle. This includes reducing embodied carbon associated with
material extraction, manufacturing, and transportation, as well as operational carbon generated
during building use. Contemporary frameworks emphasize life-cycle assessment (LCA) as a
key evaluative tool, enabling architects to quantify emissions and compare design alternatives
(Fernandez, 2023).

Locally available materials play a crucial role within this framework by shortening supply
chains and reducing transportation-related emissions. For example, the carbon footprint of a
material transported over long distances can exceed that of its manufacturing process,
especially in regions dependent on fossil-fuel-based logistics (Patel, 2023). In contrast,
materials sourced within a local or regional radius typically require minimal processing and
transportation, substantially lowering embodied energy.

Traditional building practices further strengthen low-carbon outcomes by emphasizing passive
design strategies. Orientation, shading, thermal mass, natural ventilation, and adaptive spatial
planning reduce dependence on mechanical systems, thereby lowering operational energy
demand (Rahman, 2023). These practices align closely with contemporary sustainability goals,
yet they remain underrepresented in mainstream architectural education and regulation.
Low-carbon architecture thus emerges as an integrative approach where material selection,
construction techniques, and design philosophy converge. Locally available materials and
practices function as core components of this integration, bridging environmental

responsibility with contextual relevance.

3. Locally Available Materials and Their Carbon Performance

Locally available materials encompass a wide range of natural and minimally processed
resources, including earth, bamboo, timber, stone, lime, and agricultural by-products. These
materials generally exhibit low embodied energy compared to industrial alternatives. For
instance, stabilized earth blocks and rammed earth walls require significantly less energy to
produce than fired bricks or reinforced concrete, while offering comparable structural
performance when properly engineered (Singh, 2023).

Bamboo, increasingly recognized as a high-performance sustainable material, demonstrates
exceptional strength-to-weight ratios and rapid renewability. Studies published in 2023
indicate that bamboo-based construction can reduce embodied carbon by up to 60 percent

compared to steel-based systems in low-rise buildings (Li, 2023). Timber, when sourced from
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sustainably managed local forests, acts as a carbon sink, storing atmospheric carbon over the

building’s lifespan (Hernandez, 2023).

Stone and lime, traditionally used in many regions, also contribute to low-carbon outcomes.
Lime-based mortars require lower firing temperatures than cement and allow for material reuse
and recyclability. Agro-based materials such as straw, rice husk ash, and coconut coir further

enhance sustainability by valorizing waste streams and reducing landfill emissions (Das, 2023).

Table 1: Comparative Embodied Carbon of Selected Building Materials (2023 Studies)

Material Average Embodied Carbon (kg | Typical Source
COze/m?) Distance

Reinforced Concrete | 300-350 Long-distance

Fired Clay Brick 220-250 Medium-distance

Stabilized Earth | 50-70 Local

Block

Bamboo 30-50 Local/Regional

Timber 40-90 Local/Regional

The data in Table 1, synthesized from multiple 2023 studies (Singh, 2023; Li, 2023; Hernandez,

2023), clearly demonstrates the carbon advantages of locally sourced materials.

4. Indigenous and Vernacular Construction Practices

Vernacular architecture represents a repository of climate-responsive knowledge developed
through empirical adaptation. Traditional practices such as thick earthen walls, courtyards,
verandas, sloped roofs, and shading devices are inherently energy-efficient, reducing indoor
temperature fluctuations and enhancing thermal comfort without mechanical intervention
(Mehta, 2023).

In hot-dry climates, compact forms and high thermal mass moderate daytime heat and release
warmth at night. In warm-humid regions, elevated floors, permeable facades, and cross-
ventilation facilitate airflow and moisture control. Cold climates utilize compact layouts, south-
facing openings, and insulating materials to retain heat (Zhou, 2023).

These practices also promote material efficiency and durability. Construction techniques often
rely on community labor and local craftsmanship, reducing dependency on energy-intensive
machinery. Furthermore, vernacular systems are typically repairable and adaptable, extending

building life spans and reducing demolition-related emissions (Olsen, 2023).

1258 Mrs. Dewashree Misra et al 1255-1262



Journal of Computational Analysis and Applications VOL. 32,NO0. 1, 2024

10.48047/jocaaa.2024.32.01.80

Table 2: Low-Carbon Benefits of Selected Vernacular Practices

Practice Climatic Function Carbon Reduction Impact

Courtyard Planning Natural ventilation & daylight Reduced cooling energy

Thick Earthen Walls Thermal mass Lower HVAC demand
Shading Devices Solar control Reduced heat gain
Sloped Roofs Rainwater management Material durability

Recent empirical studies confirm that integrating vernacular principles into contemporary
design can reduce operational energy consumption by 30—50 percent in residential buildings

(Mehta, 2023; Zhou, 2023).

5. Environmental, Economic, and Social Implications

The environmental benefits of using locally available materials extend beyond carbon
reduction. Reduced extraction intensity, lower pollution levels, and enhanced biodiversity
conservation are frequently reported outcomes (Alvarez, 2023). Life-cycle studies indicate that
buildings constructed with local materials exhibit lower overall ecological footprints and
improved end-of-life recyclability (Klein, 2023).

Economically, local material use supports regional supply chains and employment, particularly
in rural and semi-urban contexts. Construction costs are often reduced due to lower
transportation expenses and reliance on local labor. Studies conducted in 2023 show that low-
carbon, locally sourced housing projects achieved cost savings of 10-20 percent over
conventional construction, while maintaining comparable performance standards (Roy, 2023).
Socially, the use of local materials reinforces cultural identity and community participation.
Architecture becomes contextually meaningful, fostering a sense of ownership and stewardship
among users. Moreover, skill preservation and knowledge transmission contribute to long-term
resilience and adaptive capacity (Banerjee, 2023).

However, challenges persist, including regulatory barriers, limited technical standardization,
and perceptions of inferiority associated with traditional materials. Addressing these issues
requires institutional support, updated building codes, and interdisciplinary collaboration

(Miller, 2023).

6. Strategies for Mainstreaming Low-Carbon Local Practices

1259 Mrs. Dewashree Misra et al 1255-1262



Journal of Computational Analysis and Applications VOL. 32,NO0. 1, 2024

10.48047/jocaaa.2024.32.01.80
To integrate locally available materials and practices into mainstream architecture, a multi-

level strategy is essential. Policy frameworks must incentivize low-carbon construction
through material credits, carbon taxation on high-emission products, and public procurement
reforms (Wilson, 2023). Architectural education should incorporate vernacular studies and life-
cycle thinking as core competencies rather than peripheral topics (Ahmed, 2023).
Technological innovation can further enhance local materials by improving performance,
durability, and scalability. Hybrid systems combining traditional materials with modern
engineering have shown promising results in recent pilot projects (Garcia, 2023). Digital tools
such as building information modeling and carbon calculators enable precise assessment and
optimization of low-carbon design choices.

Community engagement and awareness are equally important. Demonstration projects,
participatory design processes, and post-occupancy evaluations help build confidence and
acceptance. When supported by evidence-based research and policy alignment, locally

grounded low-carbon architecture can transition from niche practice to mainstream solution.
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