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Abstract

The drive for carbon neutrality in the construction sector
requires new ideas that minimize energy consumption while
providing for a sustainable future. This paper seeks to
low energy strategies through
exploring passive architecture design with a view of
comparing vernacular architecture systems with modern
architectural practices in urban areas. Building forms driven

analyze consumption

by context, climate, and tradition are inherently low energy
designs that embrace passive techniques such as orientation,
compactness, and window placement. These principles, in
effect, reduce energy use necessary for heating, cooling, and
lighting, which are apropos for the goals of sustainable, low
energy buildings of today. Integrating indigenous practices
with contemporary planning systems presents a viable and
contextually responsive approach to sustainable urban
design.
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1. Introduction

The existing infrastructure offer a significant contribution to
the global with total building energy
responsibility standing at 32% of total energy or 36% of the
CO2 emissions, globally (Andersson, 2016). From this is
evident that there is a need for design solutions that will
reduce energy consumption and concerned impact in
architectures and urban designs. As stated by (Wang et al.,
2017) Low-energy design principles are suggested here to

emissions,

argue that China needs to strive to be carbon neutral in its
buildings and architectural designs in relation to sustainable
urban development goals. This paper proposes a literature
review that aims at analyzing how architecture with local
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materials coupled with modern space age
technology can create a template for carbon-
neutral construction.

of the Masdar
international headquarters of the net-zero
carbon emission Masdar city shows that the
integrated approach made possible by
simulation does allow for the practical
attainment of carbon-neutral buildings,
despite the apparent relative annualized cost
of operations and a marginally higher initial
capital involvement enabled by computer

In this regard, The case

simulation can enable the realization of
carbon-neutral  buildings, despite  the
perception of increased annualized costs for
operation and a greater upfront investment

(Boyer et al., 2010).

In addition, the application of form
techniques in the conceptual design phase of a
modern house, restricting the energy
efficiency optimization and the rational use of
local resources without lowering the aesthetic
aspects, can also help construct zero-emission

built environments (Dumitrascu et al., 2018).
1.1 Research Objective

Enhancing passive design elements of
existing traditional architectural concepts with
today’s sophisticated planning approaches can
help form a new pragmatic sustainable
approach for low energy building typologies
in a global context that calls out for reduction
in energy burden of built environment (Ye et
al., 2017) (Anderson et al., 2015) (Williams,

2013).

2. The Place of Culture in Low-Carbon
Design
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2.1 Building Orientation and Solar

Optimization

Orientation is one of the basic directions of
vernacular house architecture to reduce the
impact of direct sunlight and to provide
maximum natural light. In some areas in the
states of Rajasthan and Kerala in India, the
house designs have been constructed in a way
that it faces less the heat from the sun yet it
takes advantage of the flow of cool air (Afifi
& Ismail, 2020). Today, these strategies are in
current practice to be improved on through
the tool called building information modelling
for simulation and energy performance
enhancement in urban buildings.

2.2 Compact Forms and Thermal

Efficiency

Small built forms are characteristic of the
vernacular styles of architecture; the smaller
the surface area exposed to the environment,
the less heat is lost in cold climates and
conversely the less heat is gained in the hot
climates. Open spaces such as covered and
open courtyards are a regular feature in most
of the vernacular forms of architecture and
they play the role of an air conditioner by
promoting flow of air and afford shade. The
traditional houses in Rajasthan which are
basically independent structures with an inner
court provide year-round indoor temperature
comfort holding external environmental
extremes.

One of the best unexplored aspects of
climate-adaptive  building typology and
efficient low-impact resource use, vernacular
architecture has a rich repository of strategies
that can be easily incorporated into the 21st-
century contemporary city planning for green
net zero built environment (Verma, 2021)
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(Bhatta, Kant, & Agrawal, 2023) (Vandna,
2020). For example, a number of researches
prove that the utilization of local construction
materials, as well as passive design
techniques, which have been used in
traditional houses, can enhance thermal
performance and decrease the CO 2 emissions
in today’s houses effectively (Verma, 2021)
(Vandna, 2020) (Afifi & Ismail, 2020).

3. Material use in vernacular house and
modern counterparts

3.1 Regional Resources and Heat-

Insulating Properties

Precise vernacular architecture that draws
from the local traditions and available
materials have incorporated natural materials
such as adobe, timber and stones while
designing building envelopes to provide
Such
locally supplied material not only minimize
the 1mpact of the transportation and
manufacturing processes but also add the
value of regional architectural particularities
(Salman, 2019) (Bhatta et al., 2023).

efficient insulation to the climate.

Concerning historical constructions, such a
change implies that modern constructed
systems have emerged with industrialization,
in which traditional building were substituted
by modern construction materials and forms.
These modern materials that may be easy to
procuring and faster to put in place are not
seamlessly incorporated into/into historical
regrettal thatch and fabric structures; they
cause quick wearing out and damage to the
thermal comfort (Aktiirk & Fluck, 2022).

3.2 Advanced Technologies
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Contemporary architectural practices however
have been able to integrate the aspects of
vernacular structures with the aid of
modernity materials and technologies. An
example of readily available components that
can be easily incorporated locally with
international panels and superior insulation to
make more sustainable buildings include the
following; Insulation techniques, thoroughly
lighting optimization, and power generation
by utilizing modern technologies, present as
double-glazed windows, green rooftops, and
solar panels respectively have been applied by
modern techniques (Salman, 2019) (Bhatta et
al., 2023).

However, due to the progressive development
of modern materials, the conservation of the
typical architecture is  still relevant.
Traditional structures are the representation of
the societal and historical context of a
particular region, and the carry out the
sensitivity of a society towards their
environment (Aktiirk & Fluck, 2022) (Bhatta
et al.,, 2023) (Vandna, 2020). Therefore, an
appropriate combination of conventional and
emergent materials appears as a potential way
to predict durability and vulnerability of
constructions.

4. Application of passive design technique
in imparting urban planning

4.1 Efficient Natural
Natural Lightening

Ventilation and

When incorporated into vernacular designs,
traditional architectural elements such as
perforated screens (jallis), shaded courtyards,
verandahs, and wind towers have long
enabled the admission of light and air while
minimizing heat gain. These features, deeply
rooted in indigenous knowledge systems, are
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not only regionally responsive but also
culturally integrated, offering time-tested
methods to reduce reliance on mechanical
cooling and artificial lighting.

Indigenous methodologies emphasize site-
responsive planning, community-oriented
living, and the use of natural materials, all of
which inherently support low-energy design.
Orientation and Microclimate Consideration:
Indigenous settlements often evolved with a
deep understanding of solar orientation, wind
patterns, and topography. Structures were
oriented to capture prevailing breezes and
reduce gain, principles still
applicable in the planning of contemporary
urban layouts and high-rise clusters.

solar heat

Thermal Mass and Materiality: Locally
sourced materials such as mud, adobe, stone,
and lime plaster possess high thermal mass,
which moderates indoor temperatures and
reduces energy usage for cooling. Urban
planners can adopt this logic by integrating
locally relevant materials into building skins
and facades.

Community-Level Design Principles:
Indigenous planning typically includes shared
courtyards, narrow shaded lanes, and water
bodies—design elements that reduce urban
heat islands and support social interaction.
These can be reinterpreted as sky courts,
green roofs, and communal atriums in dense
urban contexts, contributing to thermal
comfort and energy savings.

In modern high-rise design, these vernacular
elements can be recontextualized through the
use of motorized blinds, operable louvers,
double-skin facades, and atriums that
replicate  the function of traditional
courtyards. Sky gardens and terrace farming,

JUNE 2025

inspired by indigenous rooftop usage, also
contribute to insulation and cooling.

By integrating indigenous methodologies into
passive design, urban planners and architects
not only reduce the environmental footprint of
buildings but also reinforce cultural identity
and resilience. These approaches offer a
holistic framework for sustainable urban
development that harmonizes tradition with
innovation.

4.2 Plots based on the Vernacular
Settlements Land use organisation

Research carried out in the study has revealed
that passive design strategies have the
capacity to enhance performance of existing
buildings and comfort of occupants with
minimal or no change in energy use.
Analysing the principles of the traditional
forms of architecture, the contemporary
architects can define new  solutions
corresponding to the climate and culture of
the regions and thus creating more
comfortable urban environment (Verma,
2021) (Oluwatayo & Pirisola, 2021)

(Balcomb & Gordon, 1988).
5. Case Studies

The Hunnarshala foundation in Bhuj, India
has shown effective ways to incorporate the
earthquake resistant sustainable building
structure of the ancient Indian architecture
with that of the contemporary architecture.
This is  manifested through  proper
incorporation of rammed earth and bamboo
which offer affordable but sustainable
strategies within that context. One must note
that the use of vernacular principles in
contemporary projects is well illustrated by
Hunnarshala ~ with ~ demonstration  of
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achievable sustainable solutions borrowed
from traditional construction genius (Vandna,
2020) (Bhatta et al., 2023).

In the same way, Beddington Zero Energy
Development in United Kingdom suggests
how the technologies of vernacular passive
could be modulated at large scale with current
advanced renewable systems. Following the
principles of natural chimneys and solar rays,
BedZED demonstrates how vernacular ideas
can be integrated with urbanism solutions that
meet the need to live in progressive and green
spaces (Bhatta et al., 2023) (Vandna, 2020).

The scenarios discussed in the case analyses
highlight the topic of the architectural style to
solve problems, facing construction today.
Academics have highlighted the bioclimatic
properties of traditional structures since such
control and,
therefore, depend less on mechanical systems
(Vandna, 2020). In addition, the vernacular
architecture is a symbol of cultural heritage
and helps to integrate people into the
environment of a specific area (Sharma et al.,
2023).

structures focus on heat

Through the incorporation of traditional
techniques used in housing construction and
infusing it with the modern need as a key
lesson showcased by the case studies of
Hunnarshala and the BedZED sustainable
housing project, the release
cultural sustainability as a potential avenue

recognizes

for sustainable housing. Knowledge gained
from vernacular architecture can trigger
architects and designers to develop built
surroundings that are sustainable
economically and
addition to supporting the culture of a given
région (Bhatta et al., 2023) (Afifi & Ismail,
2020) (Vandna, 2020).

environmentally, in
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6. Challenges in Integrating Vernacular
and Modern Practices

6.1 Policy and Regulation

Vernacular practices are not given support as
far as their implementation in urban planning
is concerned. Current constructed built
standards and norms are rigid and do not
reflect the locale, which leads to a clash
between the planners and the
postcolonial political realms (Akeem et al.,
2018). Outcomes of efforts to
development are often disrupted by universal
and processes that fail to consider local
environmental and cultural factors (Ben-
Joseph, 2009).

town

reform

6.2 Availability of Material and Resource

The combination of land use and transport has
become the key attribute towards sustainable
urban development, though often it is
challenged with issues relating to accessibility
of materials and resources that will feed into
traditional forms of construction (Lee, 2020)
(Spiridonov & Shabiev, 2020).

6.3 Cultural Perception

It exists in a tradition point of view and thus,
its use in modern architecture is not well
embraced. This perception is a wider deficit
between present and emerging trends in
planning paradigms and diverse dilemmas of
poverty,  inequality, informality = and
fragmentation of space in many cities today
especially in the global South (Watson 2014)
(Morris 2017).

These arrange of challenges has necessitated a
more comprehensive strategic methodology in
the planning for and management of
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urbanization that espouses the pluralism of
indigenous practices in the light of the
modernistic planning rationality. This may
involve the construction of a ‘rationality
conflict’ — one that springs from the dynamics
of techno-managerial and marketized systems
of government administration in relation to
the needs of less and less entitled urban
populace. Urban planning on the other hand
can be made to focus in the right direction if it
is complemented with insight from the global
South to factor the issues that define modern
cities (Elhanafy, 2023) (Choguill, 1994).

7. Opportunities and Future Directions
7.1 Leveraging Technology

Some principles that have been employed in
the past may be fine-tuned to the modern
urban environments, aided by modern
technologies, like Al and ML (Shareef &
Altan, 2021).

7.2 Community Engagement

Applying vernacular principles and making
them acceptable to culture as well as
constructing physical structures needs input
from the local people given it involves
designing structures. Such an approach also
guarantees that the solutions adopted
accommodate the cultures and needs to be
met by dwellers of the community in question
(Mihiel, 2016) (Peponi & Morgado, 2020)
(Shareef & Altan, 2021) (Nalewaik, 2020).

8. Discussion

Designs and products depicts order duality of
tradition and modernity. Practical
accommodative methods offer traditional
practices that address sustainability crises in
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the context of today’s world challenges while
application technologies offer methods that
put into practice the accommodative methods
suited for today’s world. This measures meet
the increasing need of carbon-neutral
construction while maintaining historical
integrity (Martinez, 2017).

8.1 Sustainability Impacts

Vernacular architecture is developed to
address certain requirements; embrace the
beliefs, and living standards of a given
culture; and reflect the regional constraints,
specifically the climatic, botanical, and
geological conditions of the environment
(Bhatta et al., 2023). The combination of
those traditional developments with modern
materials and methodologies result in
constructing entirely independent houses that
are both energy-saving and eco-friendly in

use (Afifi & Ismail, 2020).

By expressing the contour of a certain
ethnical  group architecture
becomes a mean to enhance the kinship of the
community to the territory they live in.

vernacular

8.2 Social Cultural Advantages

Vernacular architecture is part of human
building history which challenges threats to
its sustainability and future now, through
globalization, advancement in technology,
and ever changing and diversifying human
needs (Yadav et al., 2024) (Wu & Lu, 2024).

9. Conclusion

Traditional architectural practices, coupled
with massive and diverse knowledge
preserved in vernacular architecture and
climatic solutions, suggest that vernacular
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architecture in combination with modern
technology and planning concepts is feasible
to tackle climate problems. These traditional
building practices, which have been
developed over time, speak volumes of the
effects that building has on the environment.
Traditional architecture not only has an
optimal performance that makes it green
architecture but also provides cultural
engagement between people and places
(Bhatta et al., 2023).

More recently, as global communities demand
liveable and resource efficient buildings the
concept of sustainable architecture therefore it
is opportune to reflect upon on the sustainable
attributes of buildings in traditional
architectural practices. Such traditional
techniques like facing and orientation, and
solar regulation could be applied in the
current techniques of urban planning to
produce carbon neutral buildings. Modern
architects and urban designers can utilize
simulation systems and digital tools to make
these passive design strategies more
innovative and suitable for 21st-century cities.
However, amalgamation of such traditional
knowledge and techniques with the
contemporary practices 1s not benefit for
certain limitations. Widespread cultural
exchanges, new technologies, shifts in human
requirements are challenges of vernacular
architecture. To this effect, policymakers,
architects, and urban planners must work
hand in hand to integrate these sustainable
practices in the development approaches so
that future built structures will be harmonized
with natural environment.
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