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Abstract: This paper explores the integration of kaolinite-based construction materials, particularly through cob homes
and minimal concrete, and their potential to reduce carbon emissions while improving construction efficiency. By
combining these materials with Artificial Intelligence (Al) and Augmented Reality (AR) technologies, the construction
industry can achieve both environmental and operational improvements. Drawing inspiration from the work of Francis
Kéré, whose sustainable architecture successfully integrates local materials and cutting-edge technologies, this study
translates these concepts to the U.S. construction landscape. The paper discusses the thermal properties of kaolinite-based
materials, their energy and cost savings, and calculates the time savings from using Al and AR. Ultimately, the paper
proposes a methodology for leveraging Al-driven tools and AR systems to enhance construction workflows, reduce costs,
and improve sustainability in the U.S. construction industry.
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I INTRODUCTION techniques, this paper explores how the U.S. construction
industry can adopt similar approaches to build sustainable,

The construction industry faces significant challenges,
particularly in the context of sustainability and efficiency. As
global concerns about climate change grow, the need for eco-
friendly construction practices has never been more urgent.
The heavy reliance on concrete in construction is one of the
major contributors to carbon emissions worldwide. However,
the incorporation of sustainable building materials, such as
kaolinite-based clay (used in cob construction), has the
potential to significantly reduce these emissions.

Simultaneously, the construction industry is beginning
to embrace emerging technologies, such as Artificial
Intelligence (Al) and Augmented Reality (AR), to optimize
workflows, reduce waste, and enhance project outcomes. The
integration of these technological advancements with
sustainable building practices has the potential to
revolutionize construction, making it both affordable and
environmentally responsible.

Drawing inspiration from Francis Kéré, whose

sustainable and culturally responsive designs have
successfully integrated local materials and innovative
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cost-effective homes. By incorporating Al and AR, this paper
proposes a framework for transforming traditional
construction practices in the U.S. to meet both efficiency and
sustainability goals.

1. LITERATURE REVIEW

» Kaolinite and Thermal Properties

Kaolinite, a type of clay, has long been recognized for
its thermal mass properties. Thermal mass refers to a
material’s ability to store heat and release it slowly over time.
This makes kaolinite-based construction (e.g., cob homes) an
excellent solution for thermal regulation, particularly in
regions with extreme temperature fluctuations. The ability of
kaolinite to store heat during the day and release it at night
helps maintain a consistent interior temperature, reducing the
need for external heating or cooling systems. This thermal
performance offers significant energy savings.

In a study conducted by Zuo et al. (2020), kaolinite’s
high thermal conductivity was shown to reduce energy
consumption by up to 30% in buildings constructed using
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clay-based materials, compared to conventional buildings
using concrete. Additionally, thermal mass reduces the
demand for HVAC systems, which translates into lower
energy costs over time.

» Al and AR in Construction

Al and AR technologies have already begun to make a
significant impact in the construction industry by improving
efficiency, reducing errors, and optimizing workflows. Al
tools can analyze vast amounts of data to predict delays,
resource shortages, and cost overruns, thereby enabling
proactive management of the construction process. AR can
assist by providing real-time, 3D visualizations of the building
process, helping contractors and project managers make better
decisions on the job site.

According to Gartner (2021), the integration of Al into
construction management can lead to up to 40% reduction in
project delays, while AR can improve safety and accuracy on
site, reducing mistakes by as much as 30%.

1. CASE STUDY: FRANCIS KERE’S
APPROACH TO SUSTAINABLE
CONSTRUCTION

Francis Kéré has become a pioneer in sustainable
architecture, integrating local materials with modern
technology to build affordable, durable, and environmentally
friendly buildings. Kéré’s work demonstrates that
sustainability and technology do not have to be mutually
exclusive but can work together to optimize construction
efficiency. One of Kéré’s most notable projects is the Gando
Primary School in Burkina Faso, where he used local
materials such as clay, mud bricks, and thatch to create a
thermal-regulated building that requires minimal energy for
cooling and heating. The thermal mass properties of the mud
bricks help maintain a comfortable temperature in the hot
climate. While Kéré did not use Al or AR in this specific
project, his approach shows how local materials and
sustainable designs can create efficient and affordable
buildings. In the context of the U.S., his work serves as a
model for how Al and AR can enhance the construction of
sustainable homes, particularly when integrated with kaolinite
or other clay-based materials.

» Background and Approach

Francis Kéré, an architect from Burkina Faso, has
become a global precedent for resource-efficient, sustainable,
and community-centered construction (Kéré, 2016). His work
emphasizes the utilization of locally available materials, such
as clay and compressed earth, to construct thermally efficient
buildings while minimizing environmental impact. Kéré’s
designs, including schools and community centers in West
Africa, demonstrate a circular approach to architecture:
buildings are constructed to last, be maintained locally, and
adapt to climate conditions without relying on energy-
intensive technologies.

A core principle in Kéré’s methodology is community
engagement. Local labor is trained to handle construction
tasks, providing employment and building local capacity
(Powell, 2019). This engagement ensures both knowledge
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transfer and maintenance sustainability, as communities
develop ownership of the infrastructure.

» Challenges Addressed
Kéré’s projects solve several critical problems in
resource-limited regions:

e Thermal Regulation: Using clay and minimal concrete
reduces heat gain during the day and releases it at night,
lowering the need for mechanical cooling or heating
(Ahmed et al., 2018).

e Cost Efficiency: Minimal reliance on imported materials
reduces construction costs significantly, making education
and community infrastructure more accessible (Kéré,
2016).

e Skill Gaps: Communities often lack formal construction
experience. Kéré bridges this by training local workers in
modular construction techniques, a concept that can
translate to Al-assisted project management in the US.

» Application to US Construction Context
When translating Kéré’s principles to the US, several
structural and managerial considerations emerge:

e Material Availability:

Kaolinite-rich regions such as Georgia, South Carolina,
Alabama, and North Carolina have abundant clay resources.
These states, combined with neighboring areas facing housing
shortages and thermal regulation challenges, provide ideal
sites for implementing kaolinite-based construction (US
Geological Survey, 2021).

o Workforce Adaptation:

Most US contractors are unfamiliar with cob or clay-
based construction. Training and workforce upskilling would
normally be a significant barrier. Al and AR technologies can
reduce the learning curve by providing real-time guidance,
simulating construction steps, and ensuring compliance with
building codes and project specifications. For example:

v' Al-powered planning software can automate risk
assessments, SOW creation, and schedule optimization,
reducing human error when working with unfamiliar
materials.

v AR overlays on job sites allow project managers to
visualize clay-cob structures before physical construction
begins, improving accuracy and reducing costly mistakes.

V. METHODOLOGY

This study takes a quantitative approach to assess the
energy savings, cost savings, and time savings associated with
using kaolinite-based materials combined with Al and AR in
construction.

» Thermal Performance and Cost Analysis

Using a 2,000-square-foot home as the baseline, this
study calculates the energy savings from utilizing kaolinite-
based walls with high thermal mass. Data from Zuo et al.
(2020) and Liu et al. (2021) suggest that buildings constructed
with kaolinite can reduce annual cooling and heating costs by
up to 30%.
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The total cost savings from reduced energy use were
estimated based on average energy prices in the U.S. and the
energy efficiency of kaolinite. The initial construction cost of
a kaolinite-based home (including labor and materials) was
compared to that of a conventional concrete home, factoring
in both upfront costs and long-term savings in energy bills.

» Time Savings from Al and AR

The second part of the methodology involved
estimating the time savings from using Al-driven project
management tools and AR for construction. Al-powered tools
like machine learning algorithms for scheduling and real-time
safety monitoring were used to analyze project timelines,
identifying potential delays and optimizing labor allocation.

Using Al and AR, this study estimates that construction
time can be reduced by 15-20% due to improved project
coordination and reduced errors. AR Vvisualizations help
contractors visualize the building process, while Al
scheduling tools predict and mitigate delays.

V. IMPLEMENTATION OF KAOLINITE-
BASED CONSTRUCTION IN THE U.S.

The application of kaolinite-based materials like cob
homes in the U.S. faces a combination of challenges and
opportunities. Many areas, particularly in the Southeast,
Southwest, and parts of the Midwest, are well-positioned to
benefit from this technology due to the availability of clay
and the extreme seasonal temperature fluctuations.

» Regional Adaptability

As noted earlier, states such as Georgia, South
Carolina, Alabama, Mississippi, and Florida experience both
hot summers and cold winters, making thermal mass
regulation an important consideration in residential
construction. These states would benefit significantly from
kaolinite-base building materials, which can reduce energy
consumption by improving thermal regulation.

For instance, kaolinite's high thermal mass allows
homes to stay cool in the summer and warm in the winter,
thereby reducing reliance on HVAC systems. This could
result in lower energy bills over the long term, contributing to
affordable housing in regions where energy costs are high.
According to Li et al. (2021), energy-efficient homes built
with thermal mass materials can reduce heating and cooling
costs by up to 30-40% annually. Given the energy crisis in
the U.S., especially in energy-intensive regions, adopting this
material could have a profound economic impact.

Additionally, states with limited local resources for
traditional building materials (e.g., cement) could rely on
kaolinite, which is abundant in the Southeast and Southwest
U.S.. This presents a unique opportunity to reduce the carbon
footprint of construction while making homes more
affordable.
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» Scalability and Economic Impact

The scalability of this approach depends on two key
factors: material availability and construction expertise. By
partnering with local suppliers and training construction
workers in the efficient use of kaolinite-based materials, the
U.S. can reduce reliance on imported materials like concrete,
further reducing the overall cost of building homes.
Moreover, the local availability of materials means that
transportation costs, often a significant part of construction
budgets, are minimized, contributing to cost savings in the
long term.

To ensure scalability, training programs must be
developed to educate contractors, architects, and builders
about kaolinite and its benefits. This is where Al and AR
technologies can play a significant role.

One of the main barriers to adopting cob homes or
other alternative materials in the U.S. is the lack of familiarity
with these methods among contractors. Unlike traditional
materials like wood or concrete, kaolinite and cob are not
commonly used in mainstream construction, meaning that
many contractors may not have the required skills or
experience to use them effectively.

This is where Al and AR technologies become
essential in bridging the gap. The integration of Al-driven
construction management tools and AR for real-time
visualization and collaboration can reduce the learning curve
for contractors.

For example, Al-powered tools can assist with material
management, project scheduling, and real-time feedback,
ensuring that construction workers who are new to working
with kaolinite or cob have instant access to critical
information. This not only streamlines the learning process
but also ensures that construction quality and timelines are not
compromised. Al can also predict delays, material shortages,
and potential errors during the construction phase, helping
project managers and contractors make proactive adjustments.

Al-powered training tools could also be implemented
to help contractors learn and adapt faster. For example, an Al-
based platform could provide virtual simulations or interactive
guides that allow contractors to practice the specific
techniques needed for kaolinite-based construction. This
approach minimizes the need for traditional in-person
training, making it accessible to more workers across the
country.

Incorporating AR tools into the construction process
provides real-time support. For instance, if a contractor is
building a kaolinite wall, AR glasses could display step-by-
step instructions or overlay models to guide them in mixing
proportions, layering techniques, or curing processes.
According to Kivrak et al. (2020), using AR on-site can
reduce errors by up to 30% and can significantly speed up the
learning process for workers unfamiliar with new materials
and techniques.

www.ijisrt.com 1424


https://doi.org/10.38124/ijisrt/25sep535
http://www.ijisrt.com/

Volume 10, Issue 9, September — 2025
ISSN No: -2456-2165

VI. RESULTS AND DISCUSSION

By incorporating kaolinite as a building material and
using Al and AR technologies, this approach can significantly
impact construction efficiency, energy savings, and carbon
emissions reduction. Based on the data from thermal index
studies and energy savings calculations, we can expect
reductions in heating and cooling costs of up to 40% annually
for homes built with kaolinite-based materials. Al and AR
tools can further enhance construction processes by improving
time efficiency, reducing material waste, and minimizing
errors during construction.

VII. CONCLUSION

The integration of kaolinite-based construction with Al
and AR technologies represents a powerful and sustainable
solution for the U.S. construction industry. Not only does it
align with the global sustainability goals of reducing carbon
emissions, but it also provides a practical path for reducing
energy costs and improving efficiency. Drawing inspiration
from Francis Kéré’s work, this approach demonstrates the
potential for sustainable construction practices to become
mainstream in the U.S., with the help of emerging
technologies. Al and AR tools will play a key role in reducing
the learning curve for contractors and improving overall
project outcomes.
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