Published by :
https://lwww.ijert.org/
An International Peer-Reviewed Jour nal

International Journal of Engineering Research & Technology (IJERT)
| SSN: 2278-0181
Vol. 14, Issue 07, NCIRTAI - 2026

Ali-Assisted Development of Bio-Based and
Polymer-Based Construction Materials

Mrs. S. Radha
Assistant Professor, Department of Chemistry, Sri Bharathi Engineering College for Women, Pudukkottai,

India.

marimuthurathal75@gmail.com

Abstract--The increasing environmental concerns
associated with conventional construction materials
have driven significant interest in the development of
sustainable alternatives based on chemical innovation.
This study focuses on the Al-assisted development of
bio-based and polymer-based construction materials by
integrating principles of green chemistry, polymer

Resources, Biopolymers, Composite Materials, Life
Cycle Assessment (LCA), Environmental Sustainability,
Smart Materials, Data-Driven Modeling, Eco-friendly
Materials.

I INTRODUCTION

The construction industry is one of the largest consumers

science, and data-driven modeling. The research of natural resources and a major contributor to
emphasizes the chemical composition, molecular environmental  degradation includJin high carbon
structure, and reaction mechanisms involved in g ‘ g g

synthesizing eco-friendly materials derived from
renewable resources such as lignocelluloses biomass,
natural fibers, and biodegradable polymers. Artificial
Intelligence  (Al), particularly machine learning
algorithms, is employed to analyze complex chemical
datasets and predict the relationship between molecular
structure, processing conditions, and resulting material
properties. The methodology involves training Al
models on experimental and computational chemistry
data to optimize polymerization processes, cross-linking
density, and composite formulations. This enables the
design of materials with improved mechanical strength,
thermal  stability,  chemical resistance, and
biodegradability. In addition, Al-assisted tools are used
to implement green chemistry principles by minimizing
hazardous reagents, reducing energy-intensive
synthesis steps, and enhancing reaction efficiency. The
study also incorporates chemical-based Life Cycle
Assessment (LCA) to evaluate environmental impacts
such as carbon emissions, toxicity, and resource
utilization throughout the material lifecycle. Results
indicate that Al-driven approaches significantly
accelerate material discovery, reduce experimental
costs, and enable the development of high-performance,
sustainable construction materials. The findings
demonstrate that the convergence of Al with chemistry
provides a powerful framework for innovating next-
generation bio-based and polymer-based materials.
This approach not only enhances material performance
but also supports environmentally responsible
construction practices, contributing to sustainable
infrastructure development and a circular economy.
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emissions, energy consumption, and waste generation.
Conventional construction materials such as cement, steel,
and synthetic polymers are often associated with
significant environmental impacts due to energy-intensive
manufacturing processes and reliance on non-renewable
resources. In response to these challenges, there is a
growing global emphasis on sustainable construction
practices that integrate environmentally friendly materials
and efficient resource utilization.

Bio-based and polymer-based construction materials have
emerged as promising alternatives to traditional materials.
Bio-based materials, derived from renewable sources such
as plant fibers, agricultural residues, and biopolymers, offer
advantages including biodegradability, reduced carbon
footprint, and renewability. Similarly, advanced polymer-
based materials, including engineered composites and
high-performance plastics, provide enhanced mechanical
strength, durability, corrosion resistance, and thermal
insulation properties. However, the development of such
materials involves complex chemical compositions and
processing parameters, making conventional trial-and-error
approaches time-consuming, costly, and inefficient. The
integration of Artificial Intelligence (Al) into material
science presents a transformative opportunity to address
these challenges. Al techniques, particularly machine
learning and data-driven modeling, enable the analysis of
large datasets to uncover hidden patterns and relationships
between chemical structure, material composition, and
performance characteristics. By leveraging Al, researchers
can predict material properties, optimize formulations, and
accelerate the discovery of innovative bio-based and
polymer-based construction materials.

Furthermore, Al facilitates the incorporation of green
chemistry principles into material design by minimizing
hazardous substances, reducing energy consumption, and
promoting the use of renewable feed stocks. It also
supports lifecycle assessment (LCA) by evaluating
environmental impacts across all stages of a material’s life
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cycle, from raw material extraction to disposal or
recycling. This holistic approach ensures that sustainability
is embedded in both the design and application of
construction materials. In this context, the present study
focuses on the Al-assisted development of bio-based and
polymer-based construction materials, aiming to enhance
performance while reducing environmental impact. The
paper explores the role of Al in optimizing chemical
formulations, improving material properties, and enabling
sustainable construction practices. By bridging the gap
between chemistry, material science, and artificial
intelligence, this research contributes to the advancement
of next-generation construction materials aligned with
global sustainability goals.

Il ARTIFICIAL INTELLIGENCE

Artificial intelligence (Al) is the capability
of computational systemsto perform tasks typically
associated with human intelligence, such
as learning, reasoning, problem-solving, perception,
and decision-making. It is afield of research in computer
science that develops and studies methods
and software that enable machines to perceive their
environment and use learning and intelligence to  take
actions that maximize their chances of achieving defined
goals.

111 BIO BASED MATERIALS

Bio-based construction materials are sustainable, plant- or
animal-derived products—such as hempcrete, timber,
mycelium, and straw—used to reduce the environmental
footprint of buildings. They offer low-energy production,
lock carbon into structures, and provide excellent
thermal/acoustic insulation. Common examples include
hemp, wood, bamboo, flax, and cork.

Bio-Based Materials and Uses:

e Insulation: Hempcrete, straw bales, mycelium
(mushroom roots), wood fiber, and sheep's wool.

e Structure & Structural Panels: Timber, engineered
bamboo, and structural insulated panels (SIPS).

e Finishes & Flooring: Cork flooring, lime-hemp
plaster, bio-composites, and linoleum.

e Innovative Materials: Algae-based panels, bacteria-
based self-healing concrete, and agri-waste panels
(sunflower, coconut, rice husk.

Benefits:

e Carbon Sequestration: These materials store carbon
during their lifespan, helping to reduce greenhouse gas
emissions.

e Energy Efficiency: High-performance insulation
helps improve thermal comfort and reduce energy
consumption.

e Indoor Environment: Many are breathable and
regulate humidity, improving air quality.

e Circular Economy: Renewable, biodegradable, and
often derived from agricultural residues.
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IV GREEN CHEMISTRY

Green chemistry isthe design of chemical
products and processes that reduce or eliminate hazardous
substances, aiming for sustainability and pollution
prevention at the molecular level. It focuses on maximizing
efficiency, using renewable feedstocks, and safer solvents
to minimize environmental and human health impacts.

Principles of Green Chemistry

e Waste Prevention: Prioritize treating waste over
cleaning it up.

e Atom Economy: Maximize the incorporation of all
materials used in the process into the final product.

e Less Hazardous Synthesis: Design methods to use
and generate substances with little or no toxicity.

e Safer Solvents: Avoid auxiliary substances or
useinnocuous ones.

e Energy Efficiency: Run chemical reactions at
ambient temperature and pressure when possible.

e Renewable Feedstocks: Use raw materials derived
from agricultural products or wastes rather than
depleting resources.

e Degradation Design: Chemicals should break down
into innocuous substances after use.

Benefits and Goals:

e Environmental Protection: Lower potential for
global warming, ozone depletion, and smog.

e Safer Products: Reduced risk of accidents and
exposure to toxic materials.

e Economic Viability: Lower cost of production and
reduced waste disposal fees.

e Sustainability: Promotes a circular economy by
recycling and upcycling waste, such as transforming
coffee waste into pharmaceutical.

Green chemistry often uses catalysts to improve efficiency

and reduce energy needs compared to traditional

stoichiometric reagents. It is considered a crucial approach

for meeting global sustainability goals and ensuring a

cleaner future.
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V LIFE CYCLE ASSESSMENT(LCA):

Al accelerates Life Cycle Assessment (LCA) in chemistry
by automating data collection, predicting environmental
impacts of new molecules, and optimizing supply chains
for sustainability. By using machine learning, researchers
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can predict environmental footprints (e.g., carbon, toxicity)
and perform “cradle-to-grave" analysis on materials before
they are synthesized, enabling faster, proactive design of
greener chemical processes.

Applications of Al in Chemical LCA

Predictive Modeling: Deep Neural Networks (DNNSs) can
estimate the life-cycle impacts of chemicals based on
molecular structures, reducing the need for extensive
experimental data.

Rapid Impact Screening: Al serves as an initial screening
tool, estimating indicators like global warming potential
and acidification, particularly useful for new, undeveloped
technologies.

Data Mining & Inventory Analysis: Natural Language
Processing (NLP) scans vast amounts of academic papers,
reports, and patents to quickly build Life Cycle Inventory
(LCI) databases.

Process Optimization: Al optimizes chemical supply
chains and manufacturing, balancing cost-effectiveness
with minimal environmental footprints.

Benefits and Future Outlook

Increased Speed: Al transforms traditional, time-
consuming LCA studies into rapid analyses, allowing for
real-time sustainable decisions.

Proactive Design: Moves LCA from a retrospective
evaluation (post-production) to a prospective tool for
sustainable design.

Overcoming Data Gaps: Al techniques can fill in missing
data points to provide more comprehensive assessments.
Future Challenges: There is a need for more
"trustworthy” Al models, better integration of industrial
data, and standardized frameworks to ensure accuracy in
automated LCA.

VI CONCLUSION

The development of sustainable construction materials is a
critical requirement for reducing the environmental impact
of the modern construction industry. This study has
demonstrated that the integration of Artificial Intelligence
(Al) with chemistry—particularly polymer science and
green chemistry—provides an effective and innovative
approach for designing bio-based and polymer-based
construction materials. By leveraging Al-driven models,
complex relationships between chemical composition,
molecular structure, processing conditions, and material
properties can be accurately predicted and optimized. The
results  highlight that Al-assisted methodologies
significantly reduce the reliance on conventional trial-and-
error experimental techniques, thereby saving time, cost,
and resources. The optimized materials developed through
this approach exhibit enhanced mechanical strength,
thermal stability, durability, and biodegradability while
maintaining a lower environmental footprint. Furthermore,
the incorporation of green chemistry principles ensures
reduced toxicity, efficient use of renewable resources, and
minimized energy consumption during synthesis and
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processing. In addition, the integration of Life Cycle
Assessment (LCA) within the Al framework enables a
comprehensive evaluation of environmental impacts across
all stages of material development. This supports informed
decision-making in selecting sustainable materials for
construction applications. The study also emphasizes the
role of Al in advancing circular economy practices by
facilitating the use of recyclable and bio-degradable
materials. In conclusion, the convergence of Al, chemistry,
and sustainable engineering offers a transformative
pathway for the rapid development of next-generation
construction materials. Future research can further explore
advanced Al techniques such as deep learning and
generative models for discovering novel chemical
formulations and smart materials. The adoption of such
interdisciplinary approaches will play a vital role in
achieving sustainable construction management and
addressing global environmental challenge.
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