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Abstract

As the global plastic waste crisis escalates, the exploration of innovative solutions to repurpose plastic waste becomes
increasingly urgent. The adaptation of plastic waste as a modifier for bitumen in road construction—commonly referred to
as "plastic roads"—presents a promising avenue. Our comprehensive review encompassed scientific literature, news
articles, patents, a cost-effectiveness analysis, and interviews with industry representatives and researchers to identify
existing knowledge gaps surrounding key aspects of this technology. Plastic roads and playgrounds are an innovative idea
that aims to reduce plastic waste while providing durable infrastructure. For roads, plastic can be recycled and mixed with
asphalt to create a strong, long-lasting surface. The benefits include improved durability, reduced maintenance costs, and
less plastic waste going to landfills or the ocean. In playgrounds, plastic can be used to create safer surfaces, like those
made from recycled rubber or plastic materials, which are softer and provide better shock absorption for children.
Additionally, using plastic waste in these projects helps reduce the environmental impact of discarded plastics, giving them
a second life in a useful way Plastic roads are made by mixing shredded plastic waste with bitumen, a material which is
commonly used in road construction. This blend makes roads stronger, longer-lasting; it gives a second life to non-
biodegradable waste this study underscores that plastic roads have immense potential but also considerable challenges that
need to be addressed. By investing in research, standardizing practices, and continuously improving the technology, plastic
roads can become a sustainable solution for plastic waste while contributing to the development of resilient infrastructure.
Thoughtful policy-making and collaboration will be key to overcoming obstacles and ensuring that the benefits of this
innovation are realized on a global scale.
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1. INTRODUCTION

Plastic roads, particularly those made from
waste plastics mixed with asphalt, are becoming more
common due to their potential environmental and
performance benefits. By replacing bitumen (a
petroleum product) with recycled plastic waste, plastic
asphalt reduces the demand for new bitumen while
giving plastic waste a second life. Plastic used in these

These modular elements can be pre-made, transported,
and assembled quickly, allowing for faster construction
and easier maintenance. The hollow sections also offer
the possibility of incorporating features like drainage or
utilities within the road structure itself [6].

Solid paved roads, which are vital to the
development agenda, are still missing in many fast-

roads is typically recycled from consumer waste,
including bottles, bags, and other plastic products [1, 2].
The plastic helps enhance the durability of the road,
making it more resistant to wear and tear, as well as to
extreme weather conditions, which can prolong the
road’s lifespan and reduce the frequency of repairs. In
terms of modular, hollow, prefabricated road elements,
these systems offer another layer of innovation [3-5].

growing developing countries. Roads are the heartbeat of
economic and social activity as well as trade, linking
producers to consumers, people to jobs, kids to schools,
and patients to hospitals, thereby boosting economic
activity and reducing poverty [7-10]. If plastic trash can
be used to build essential infrastructure, we can provide
transportation to citizens and contribute to a cleaner
planet has in Figure 1.
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2. Bitumen (a petroleum product):

Bitumen is a dense, highly viscous hydrocarbon
derived from crude oil, primarily used in road
construction and waterproofing applications has shown
in Table 1. It is obtained as the heaviest fraction during
the distillation of crude oil, resulting in a black, sticky
substance with waterproofing and adhesive properties.
This review on the oxidative aging of bitumen and its
impact on asphalt performance, particularly from a micro

gy 7;3:’

Figure 1: Plastic Waste in Road Construction- A Path worth Paving

structural perspective. The topic is vital for road
engineers as the aging process significantly affects the
durability and performance of asphalt materials in real-
world conditions [10-12]. The bitumen production
process involves several key steps that extract and refine
bitumen, a thick, viscous form of petroleum. It is
commonly used in road construction (as asphalt),
roofing, and other industrial applications. Here's a
general overview of how bitumen is produced:

Table 1: Comparison between Conventional Bitumen and Polymer Modified Bitumen

Feature Conventional Bitumen

Polymer Modified Bitumen (PMB)

Temperature Performance

Susceptible to rutting in heat; cracks in | Resilient to both heat and cold extremes

cold
Elasticity Limited elasticity; prone to cracking High elasticity; resists cracking under stress
Durability Shorter lifespan, frequent maintenance | Longer lifespan, reduced maintenance needs
Cost Lower initial cost Higher initial cost, but cost-effective over time

2.1. Extraction of Bitumen: Bitumen is primarily
extracted from either natural sources (e.g., tar sands or
oil sands) or crude oil.

e Oil Sands Extraction: In oil sands, bitumen is
trapped in a mixture of sand, clay, and water. The
extraction process involves two main methods:

a. Surface Mining: Large quantities of oil sands
are dug up and transported to processing
facilities where hot water is used to separate the
bitumen from sand and clay.

b. In-Situ Extraction: In deeper deposits, steam
is injected into the ground to heat the bitumen,
making it less viscous and allowing it to be
pumped to the surface.

e Crude Oil Refining: Bitumen can also be extracted
from crude oil during refining. In this case, bitumen
is produced as a residual product after lighter
fractions of crude oil have been refined into fuels
like gasoline, diesel, and jet fuel.

2.2. Separation and Upgrading
Once the bitumen is extracted, it is typically too
heavy and viscous to be transported through pipelines or

used directly [13]. Therefore, it undergoes further

processing.

e Separation: The extracted bitumen is separated
from water and sand in the initial stages using heat
or solvents.

e Upgrading: To make bitumen easier to transport
and use, it is upgraded using two main processes:

a. Coking: Bitumen is heated in a coker, which
breaks down larger molecules into smaller,
lighter products and leaves behind coke, a solid
byproduct.

b. Hydroprocessing (Hydrotreating):  This
process adds hydrogen to the bitumen in the
presence of a catalyst to break down heavier
molecules, improving its flow characteristics.

2.3. Blending with Lighter Crude Oil

After upgrading, the bitumen can still be too
dense for pipeline transport. It is often blended with
lighter crude oil to reduce its viscosity, making it easier
to move through pipelines. The blend is referred to as
dilbit (diluted bitumen).
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2.4. Refining into Final Products

The bitumen can be further refined depending on its end-

use [14-16]:

e Asphalt Production: Bitumen is combined with
aggregates (such as sand, gravel, or crushed stone)
to make asphalt for paving roads, driveways, and
other infrastructure.

e Refined Bitumen Products: In some cases, the
bitumen undergoes additional treatments to produce
specialized products, such as roofing materials or
adhesives.

2.5. Transportation and Storage

Once refined and processed, bitumen is
transported to its final destination through pipelines,
railways, or ships. Storage is typically done in large tanks
designed to maintain temperature and prevent the
bitumen from solidifying.

2.6 Summary of Key Stages:

1. Extraction (from oil sands or crude oil).

2. Separation and Upgrading (to make bitumen less
viscous).

3. Blending (with lighter crude to aid transportation).

4. Refining (into products like asphalt).

5. Transportation and Storage.

This entire process is aimed at producing usable
bitumen in a form suitable for industrial use, particularly
in construction and infrastructure projects.

2.7 Uses:

e Road Construction: Bitumen serves as a binder in
asphalt concrete, providing durability and flexibility
to road surfaces. It is also used in airport runways,
car parks, and footways.

e Roofing: Its waterproofing qualities make bitumen
ideal for roofing applications, including the
production of roofing felt and sealants.

e Waterproofing: Bitumen is utilized in various
building materials for sealing and insulating
purposes, such as pipe coatings and paint.

2.8 Types of Bitumen:

Bitumen is classified into various grades based
on its properties, such as penetration grade, performance
grade, and viscosity grade. These classifications
determine its suitability for specific applications.

2.9 Health and Safety:

While bitumen is largely inert, exposure to its
fumes, especially when heated, can pose health risks.
The International Agency for Research on Cancer
(IARC) has classified paving asphalt fumes as a Class 2B
possible carcinogen, indicating inadequate evidence of
carcinogenicity in humans.

3.0. Consumer waste, including bottles, bags, and

other plastic products:

Consumer waste, particularly plastic products

like bottles, bags, and packaging, has become a

significant environmental issue worldwide. These

products often end up in landfills, rivers, oceans, or other
natural habitats, contributing to pollution, harming
wildlife, and disrupting ecosystems. Here are some of the

main challenges and impacts of plastic waste [17-20]:

1. Long Decomposition Time: Plastic takes hundreds
to thousands of years to break down, leading to its
accumulation in the environment.

2. Marine Pollution: A substantial amount of plastic
waste ends up in the oceans, where it is ingested by
marine life, leading to injury or death for animals
such as sea turtles, fish, and birds.

3. Microplastics: Over time, larger pieces of plastic
break down into tiny particles known as
microplastics. These microplastics have been found
in the air, water, and even in the food we consume,
potentially affecting human health.

4. Wasteful Consumption: Single-use plastic items
like bottles, straws, and bags contribute to a
"throwaway culture," where products are used
briefly but persist in the environment for much
longer.

3.1 Potential Solutions:

e Recycling: Encouraging better recycling
practices and increasing the availability of
recycling facilities can help reduce waste.

e Reusable Alternatives: Switching to reusable
bags, bottles, and containers is one of the most
effective ways to reduce plastic waste.

e Biodegradable Plastics: Developing and
promoting biodegradable alternatives to
conventional plastics is a promising approach.

e Government Policies: Many countries and
cities have implemented bans on single-use
plastic items like straws and bags, while others
have introduced extended producer
responsibility policies that hold manufacturers
accountable for the waste generated by their
products.

4.0 More resistant to wear and tear

When discussing materials that are "more
resistant to wear and tear," it typically refers to products
or substances that can withstand continuous use, friction,
and degradation over time without losing their integrity.
This is particularly relevant in the context of materials
used for consumer products, packaging, and industrial
applications. Plastics, while durable, are often prone to
environmental degradation, but some materials are
designed to be more resistant to wear and tear. Here are
a few examples of materials that are more resistant to
wear and tear [21-24]:
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1. High-Density Polyethylene (HDPE)

e Durability: Known for its high resistance to impact,
wear, and tear. It's often used in products like plastic
bottles, pipes, and containers that are subject to
frequent use or rough conditions.

e Resistance: HDPE resists most chemicals, acids,
and alkalis, making it durable and long-lasting even
under harsh conditions.

2. Polycarbonate (PC)

e Durability: This is a strong, tough plastic used in
items like eyewear lenses, automotive parts, and
certain containers.

e Resistance: It's highly resistant to scratching and
impact, which makes it ideal for applications that
require high strength.

3. Kevlar

o Durability: Kevlar is a synthetic fiber known for its
exceptional strength and resistance to wear. It’s
commonly used in protective gear, including
bulletproof vests, and in tires and ropes.

o Resistance: Kevlar is resistant to abrasion and has a
high tensile strength, making it one of the toughest
materials available.

4. Ceramics and Ceramic Composites

e Durability: While fragile under certain conditions,
ceramic materials are often used in industrial
applications for components that require high wear
resistance, such as in cutting tools, engine
components, and bearings.

e Resistance: Ceramic materials can withstand high
temperatures and abrasive conditions, which makes
them ideal for certain high-performance
environments.

5. Tungsten Carbide

e Durability: This metal is incredibly hard and
resistant to wear, often wused in industrial
applications like mining, drilling, and cutting.

e Resistance: Tungsten carbide is one of the hardest
materials available and is resistant to high-impact
and abrasive wear.

6. Stainless Steel

e Durability: Stainless steel is widely used in
appliances, kitchenware, and industrial equipment
because of its resistance to corrosion and wear.

e Resistance: It offers excellent durability and
strength against daily wear, high temperatures, and
exposure to water and chemicals.

7. Rubber (e.g., Nitrile or Viton)
Durability: Certain types of rubber, like nitrile and
Viton, are designed to be highly resistant to
abrasion, oils, and chemicals.

e Resistance: These types of rubber are often used in
seals, gaskets, and tires because they resist wear and
tear in harsh environments.

8. Carbon Fiber Composites

e Durability: Carbon fiber is lightweight vyet
incredibly strong and resistant to wear and tear,
making it an ideal material for high-performance
equipment like bicycles, sports cars, and even
aerospace parts.

e Resistance: It’s highly resistant to corrosion and
impact, providing long-lasting performance in
demanding applications.

9. Polyurethane

e Durability: This is a versatile polymer used in
coatings, wheels, and various industrial
applications.

e Resistance: Polyurethane is known for its excellent
abrasion resistance and long service life under
mechanical stress.

10. Titanium

e Durability: Titanium is a metal that is both
lightweight and strong. It’s used in aerospace,
medical devices, and high-end sporting equipment.

e Resistance: It resists corrosion, fatigue, and wear,
making it ideal for environments where durability is
key.

4.1 Improving Wear and Tear Resistance in Plastics:
While plastics can be durable, their resistance to
wear and tear can often be enhanced by adding
reinforcing agents or blending them with other materials

[25-27]. For example:

e Fiberglass Reinforced Plastics (FRP): Adding
fiberglass to plastic makes it stronger and more
resistant to wear and impact.

e Nanomaterials: The incorporation of nanomaterials
into plastics can significantly improve their
durability by enhancing their strength and wear
resistance.

By improving the resistance of materials to
wear and tear, we can increase their lifespan and reduce
waste, which could also help mitigate the environmental
impact of products, including plastics.

5.0 Road’s lifespan and reduce the frequency of
repairs.

Using plastics in road construction and
maintenance can significantly enhance the lifespan of
roads and reduce the frequency of repairs [28]. Here are
several ways in which plastics can be integrated into road
systems:

1. Plastic Polymer Modified Binders:
e Asphalt Modification: Adding polymers such as
polypropylene or polyethylene to traditional asphalt
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can improve its durability, flexibility, and resistance
to cracking. This modification helps withstand
extreme temperatures and heavy traffic loads.
Longer-lasting Pavements: Roads constructed
with modified asphalt tend to last longer and require
fewer repairs due to their enhanced performance
characteristics.

. Recycled Plastics in Asphalt:

Use of Recycled Materials: Incorporating recycled
plastics (such as PET from bottles) into asphalt
mixes can reduce the volume of virgin materials
needed, enhance the durability of the pavement, and
contribute to waste reduction.

Increased Resistance: Roads with recycled plastic
content show improved resistance to rutting,
cracking, and deformation, extending their lifespan.

. Plastic Drainage Systems:

Subsurface Drainage: Plastic drainage systems can
prevent water accumulation beneath road surfaces, a
common cause of road degradation.

Durability and Lightweight: Plastic pipes and
drainage materials are lightweight, durable, and
resistant to corrosion, which enhances their
performance compared to traditional materials.

4. Plastic Geogrids and Geotextiles:

Soil Stabilization: Using plastic geogrids or
geotextiles in road foundations can improve load
distribution, reduce settlement, and prevent soil
erosion.

Enhanced Load-Bearing Capacity: These
materials reinforce the subgrade and enhance the
load-bearing capacity of roads, resulting in fewer
structural failures and repairs.

5. Plastic Road Bases and Blocks:

Plastic Aggregates: Utilizing plastic waste as
aggregate in road base layers can provide a
sustainable building material while enhancing the
road's structural integrity.

Modular Plastic Blocks: Employing precast
modular plastic blocks for pavement can simplify
repairs and allow for easier replacement of damaged
sections without full reconstruction.

6. Road Marking Materials:

Durable Markings: Using plastic-based paints and
thermoplastics for road markings ensures they last
longer under traffic stress and extreme weather
conditions, thus reducing the frequency of re-
marking.

7. Innovation in Recycling Technologies:

Advancements in Recycling: Research into
recycling technologies to process plastic waste
effectively for road materials can lead to more
sustainable practices and improved road longevity.

8. Reinforcement with Plastic Fibers:

Fiber Reinforcement: Incorporating plastic fibers
into asphalt mixtures can enhance tensile strength
and toughness, providing more resistance to
cracking and extending the lifespan of roads.

6. Easier maintenance:

Using plastic materials in road construction can

indeed lead to easier maintenance and a range of benefits.
Here are some specific ways that plastic roads can
facilitate maintenance [29, 30]:

1. Durability and Longevity:

Resistance to Cracking and Damage: Plastic-
modified materials can better withstand the effects
of weather, temperature changes, and traffic loads,
leading to fewer cracks and structural damages.
Lower Frequency of Repairs: With reduced
deterioration, roads made with plastics require less
frequent maintenance and repair, saving time and
resources.

2. Reusability:

Modular Components: Plastic roads can often
utilize modular designs that make it easier to replace
or repair sections without disturbing the entire
structure. This can streamline maintenance
processes.

Easy Replacement of Sections: If a specific area of
a plastic road is damaged, individual panels or
segments can often be replaced quickly, minimizing
downtime.

3. Reduction of Water Damage:

Effective Drainage Systems: Incorporating plastic
materials in drainage solutions can help manage
water runoff effectively, reducing water-related
damage and issues like potholes.

Prevention of Erosion: Plastic geotextiles can help
prevent soil erosion beneath road surfaces,
maintaining structural integrity and minimizing
maintenance needs associated with erosion-related
damage.

4. Lower Maintenance Costs:

Reduced Need for Frequent Resurfacing: Asphalt
with plastic additives can maintain its surface
quality longer, cutting down on the need for
resurfacing activities.

Cost-Effective  Repairs:  When repairs are
necessary, the use of recyclable materials and plastic
composites can lower the costs associated with both
materials and labor.

5. Reduced Debris and Weeds:

Smooth Surface Reduces Debris Accumulation:
Plastic roads often have a smoother finish, which
can lead to less accumulation of debris and
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vegetation, making maintenance tasks like cleaning
easier.

Weed Control: Plastic materials in subbase layers
or as geotextiles can help suppress weed growth,
reducing the need for regular weed removal.

6. Simplicity in Maintenance Procedures:

Familiar Maintenance Techniques: Existing
maintenance technologies and techniques can often
be adapted for plastic roads, making training and
implementation simpler for road maintenance
Ccrews.

Less Specialized Equipment Required: In some
cases, maintenance of plastic roads can require less
specialized equipment compared to traditional
materials, making maintenance operations more
accessible and efficient.

7. Better Aesthetic Longevity:

Color Retention in Markings: Plastic-based road
markings retain their color better and are less prone
to fading, reducing the frequency of re-marking and
associated maintenance needs.

Surface Cleanliness: The smoother surfaces of
plastic roads can be easier to clean, ensuring that the
roads remain visually appealing without extensive
maintenance.

7.0 Plastic Roads Are a Game-Changer
1. Environmentally Friendly:

Waste Reduction: Plastic roads utilize recycled
plastic waste, which diverts significant amounts of
plastic from landfills and oceans. This not only
reduces environmental pollution but also promotes a
circular economy where waste materials are
repurposed into valuable construction resources [31-
35].

Lower Carbon Footprint: By reducing the need for
conventional materials and minimizing the
environmental impact associated with production,
transportation, and disposal, plastic roads contribute
to lowering the overall carbon footprint of road
construction projects.

2. Cost-Effective:

Durability Benefits: Plastic roads are built to last,
leading to fewer repairs and lower maintenance
costs over time. The enhanced durability means that
governments and municipalities can allocate funds
that would have been spent on frequent repairs
toward other important infrastructure projects.
Lifecycle Savings: Though the initial investment in
plastic road construction may vary, the long-term
savings from reduced maintenance and extended
road lifespan often make them a more economical
choice overall.

3. Resilient:

Water Resistance: Plastic roads are designed to
withstand heavy rains and severe water damage,
making them ideally suited for regions prone to
monsoons and flooding. Their water-resistant
characteristics prevent common road issues such as
potholes and cracking, promoting safer driving
conditions.

Enhanced Structural Integrity: The resistance of
plastic roads to water damage ensures that they
maintain their structural integrity longer, which is
especially beneficial in locations that experience
significant weather-related challenges [36, 37].

4. Temperature Resistant:

High-Temperature Tolerance: Plastic roads are
engineered to endure significantly  higher
temperatures than traditional asphalt or concrete
roads. This characteristic is  particularly
advantageous in hot climates, where conventional
roads can soften and deform, leading to increased
wear and damage.

Reduced Thermal Expansion: The ability of
plastic materials to resist distortion due to heat
minimizes the risks of cracking and deformation,
ensuring a more stable road surface.

7.1 Challenges in the Journey of Implementing Plastic
Roads
1. Collecting and Sorting Waste:

Inefficient Infrastructure: The existing waste
management systems often lack the efficiency
needed to gather and sort plastic waste effectively.
This can lead to a shortage of quality raw materials
for plastic road construction.

Contamination Issues: Plastic waste is frequently
mixed with other types of waste, making it
challenging to separate suitable plastics.
Contamination can diminish the quality of the
recycled materials, impacting the performance of the
final product [38-42].

2. Limited Awareness:

Knowledge Gap among Stakeholders: Many
stakeholders, including local authorities, civil
engineers, and policymakers, may not be fully
informed about the benefits and feasibility of plastic
roads. This lack of awareness can hinder investment
and support for such initiatives.

Community Engagement: The general public may
not understand the environmental advantages or the
long-term cost savings associated with plastic roads.
Without public buy-in, efforts to promote these
roads may face resistance.

3. Scaling to Rural Areas:

Logistical Challenges: Rural and remote regions
often have less infrastructure for waste collection
and road maintenance, making it harder to
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implement the technology and processes needed for
plastic roads.

e Cost Considerations: The initial costs for
introducing plastic roads in rural areas might deter
investment, especially in regions where budget
constraints are prevalent [43].

7.2 The Road Ahead: Making Plastic Roads a

Widespread Reality

1. Raise Awareness:

e Educational Campaigns: Implement
comprehensive education programs aimed at various
stakeholders, including local communities,
policymakers, and engineers, to increase
understanding of the importance of waste
segregation and the potential benefits of plastic
roads.

e Showecase Success Stories: Highlight successful
projects and case studies of plastic roads in urban
areas or other countries to demonstrate viability and
effectiveness, thereby encouraging more extensive
adoption [44-46].

2. Foster Partnerships:

e Government and Private Sector Collaboration:
Encourage  collaborative  efforts  between
government entities, private companies, and NGOs
to share resources, funding, and expertise in
developing plastic road projects.

e Involvement of Local Communities: Engage local
communities by creating programs that incentivize
participation in waste collection and sorting
initiatives, thereby fostering a sense of responsibility
and ownership.

3. Adopt Advanced Technology:

e Modern Recycling Techniques: Invest in
advanced recycling technologies that can process
plastic waste more efficiently, ensuring higher
quality and quantity of recycled materials for road
construction.

e Innovation in Materials: Support research and
development to create new composite materials that
leverage plastic waste and other eco-friendly
components, enhancing the performance and cost-
effectiveness of plastic roads [47].

7.3 Exploring Plastic Roads: Current Knowledge and
Future Directions

As the global plastic waste crisis escalates, the
exploration of innovative solutions to repurpose plastic
waste becomes increasingly urgent. The adaptation of
plastic waste as a modifier for bitumen in road
construction—commonly referred to as "plastic roads"—
presents a promising avenue. Our comprehensive review
encompassed scientific literature, news articles, patents,
a cost-effectiveness analysis, and interviews with
industry representatives and researchers to identify

existing knowledge gaps surrounding key aspects of this
technology [48-52].

7.4 Key Research Gaps Identified

1. Technology Feasibility and Engineering

Performance:

e Cracking Resistance: One of the primary
engineering challenges identified is the cracking
resistance of plastic-modified bitumen. While initial
studies indicate potential benefits, further research is
necessary to determine long-term performance and
durability under varying environmental conditions
and load stresses.

e Standardization of Materials: The variability in
types and compositions of plastic waste can lead to
inconsistencies in  performance. Establishing
standard processes for the selection and treatment of
plastics is crucial for predictable outcomes.

2. Environmental Issues:

e Hazardous Air Pollutants: Current research has
not thoroughly addressed the emission of hazardous
air pollutants during the production of plastic roads.
Comprehensive studies are needed to evaluate these
emissions and develop mitigation strategies.

e Microplastics and Nanoplastics: There is a
significant knowledge gap regarding the generation
of microplastics and nanoplastics from plastic roads
during their lifecycle, particularly under conditions
of wear and tear.

e Additive Leaching: The leaching of chemical
additives from plastic waste into the environment
over time remains underexplored and warrants
investigation to assess potential ecological impacts
[53].

3. Occupational Health:

e Worker Safety: Limited data exists regarding
occupational health risks for workers involved in the
production and installation of plastic roads.
Research is needed to establish safety protocols and
guidelines to protect workers from potential
exposure to harmful substances.

4. Economic Viability:

e Cost-Effectiveness: Uncertainty surrounds the
economic viability of using plastic waste in road
construction. While initial cost analyses indicate
potential savings, additional studies are needed to
account for long-term performance, maintenance
costs, and potential environmental liabilities.

e Market Opportunities:  Exploring  market
acceptance and regulatory frameworks will be
essential for advancing the economic sustainability
of plastic roads.

5. Industry Standards:
e Regulatory Gaps: There is a lack of industry
standards and regulations governing the use of
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plastic waste in road construction. The absence of
standardized practices can hinder market adoption
and confidence among stakeholders [53-56].

7.5 The Way Forward: Research Priorities

To address the identified gaps and advance the
adoption of plastic roads, a structured roadmap for short-
term and long-term research priorities is essential:

Short-Term Priorities:

e Characterization Studies: Conduct comprehensive
studies on the engineering properties of plastic-
modified bitumen, focusing on cracking resistance
and performance under stress.

e Emissions Research: Investigate the generation of
hazardous air pollutants during production and
operational life to inform safety practices and
technologies.

e Health and Safety Guidelines: Develop guidelines
for occupational health and safety specific to the
handling and installation of plastic roads.

Long-Term Priorities:

o Lifecycle Assessments: Perform detailed lifecycle
assessments of plastic roads to evaluate
environmental impacts, focusing on microplastics,
leaching, and overall sustainability.

e Economic Analyses: Conduct extensive cost-
effectiveness analyses, incorporating long-term
maintenance and environmental impact costs to
determine true economic viability.

e Standard Development: Collaborate with industry
stakeholders to establish comprehensive standards
and regulatory frameworks for the use of plastic
waste in road construction [57-60].

8. Challenges in Material Application of Plastic-
Modified Bitumen

While the incorporation of plastic-modified
bitumen in road construction offers numerous
advantages, several significant challenges must be
addressed to ensure the effective and responsible
application of this technology [61].

1. Quality Control in Manufacturing and Blending

e Inconsistent Material Properties: One of the most
critical challenges in applying plastic-modified
bitumen is the inconsistency in raw materials used
during the manufacturing process. Variations in the
size and composition of recycled plastic particles
can lead to non-uniform behavior when blended
with bitumen. This inconsistency can affect
performance characteristics such as viscosity,
adhesion strength, and overall durability of the
material [62-63].

e Blending Techniques: Proper blending techniques
are essential to achieving the desired properties of
modified bitumen. Inadequate or improper blending
can result in poorly mixed materials, which can then

lead to flawed roadway performance. This
highlights the need for manufacturers to focus on
developing  standardized procedures  and
technologies that ensure consistency throughout the
blending process [64].

2. Non-Uniform Material Behavior under Load

e Performance Variabilities: The non-uniformities
caused by inconsistent blending or particle sizes can
result in varying road surface performance under
load. For instance, certain sections of the roadway
may experience higher stress or load concentration
than others, leading to premature cracking,
deformation, or excessive wear.

e Localized Failures: Such performance variabilities
can manifest as localized failures in road surfaces,
which  may necessitate costly repairs and
maintenance. Ensuring high homogeneity in the
modified bitumen is crucial to prevent these issues,
requiring detailed monitoring and quality assurance
measures throughout production and application
[65].

3. Microplastic Pollution

e Environmental Concerns: While using waste
plastics in road construction can significantly reduce
plastic waste, it also raises concerns about
microplastic pollution. The long-term integrity of
plastic-modified bitumen is still under scrutiny, and
researchers need to examine how these materials
might degrade over time, potentially releasing
microplastics into the environment [66-68].

e Monitoring and Regulation:  Continuous
monitoring of microplastic generation from road
surfaces and their impact on ecosystems is essential.
This necessitates the establishment of regulatory
frameworks to guide the safe use of plastic materials
in road construction, ensuring that the
environmental benefits outweigh any potential
negative consequences [69].

8.1 Addressing the Challenges

To overcome these challenges in the application
of plastic-modified bitumen, several strategies and
practices can be implemented [70-72]:
1. Standardized Manufacturing Practices:

a. Develop and adopt standardized practices for
the sourcing and processing of recycled plastics
to ensure consistent particle size and quality.

b. Implement automated blending technologies to
achieve a uniform mixture of plastics and
bitumen, minimizing human error and
variability [73].

2. Rigorous Testing and Quality Assurance:

a. Establish rigorous testing protocols to assess
the performance characteristics of plastic-
modified bitumen before application. This
includes testing for tensile strength, elasticity,
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thermal stability, and resistance to cracking
[74].

b. Create a comprehensive quality control
framework that includes in-field assessments
during and after road construction to monitor
material performance and identify potential
issues early [75].

Research on Environmental Impact:

a. Fund and conduct comprehensive research
focused on the long-term environmental
impacts of plastic-modified bitumen, including
studies on microplastic release and degradation
patterns.

b. Collaborate with environmental agencies to
establish regulations that address potential
environmental risks and ensure that best
practices are followed.

Stakeholder Collaboration:

Foster collaboration among researchers,

manufacturers, policymakers, and environmentalists to
share knowledge, resources, and best practices. This can
help ensure that technological advancements are aligned
with sustainability goals [76].

9

. CONCLUSIONS
1.

We think this approach could become a common
solution for road construction globally.

The benefits include improved durability, reduced
maintenance costs, and less plastic waste going to
landfills or the ocean. In playgrounds, plastic can be
used to create safer surfaces, like those made from
recycled rubber or plastic materials, which are softer
and provide better shock absorption for children.
Integrating plastics into road construction not only
reduces environmental waste by utilizing recycled
materials but also enhances the performance and
durability of roads. As technology advances, the
application of plastics in civil engineering offers
promising solutions for sustainable infrastructure
development while minimizing maintenance costs
over time.

By integrating plastic materials into road
construction, municipalities can benefit from
enhanced durability, simpler repair processes, and
lower ongoing maintenance costs. These factors
contribute to more efficient management of road
infrastructure over time, ultimately improving the
sustainability and effectiveness of road maintenance
efforts. The potential for modular designs and the
use of recycled materials also supports
environmental goals, making plastic roads an
attractive option for future road construction and
maintenance initiatives.

Plastic roads represent a significant advancement in
infrastructure development, particularly in regions
facing environmental challenges and resource
constraints. By leveraging recycled materials, they
promote sustainability while offering cost-saving

benefits and enhanced resilience against weather-
related issues. As cities and countries look to
innovate and improve their infrastructure, plastic
roads provide a forward-thinking solution that
addresses both current and future needs in road
construction and maintenance.

While the potential of plastic roads as a sustainable
solution to the growing plastic waste problem is
promising, significant knowledge gaps must be
addressed to ensure the technology's feasibility,
safety, and economic viability. By prioritizing
research in these areas, stakeholders can facilitate
the development of effective, environmentally
friendly, and economically sound plastic road
applications, ultimately contributing to a more
sustainable future for infrastructure development.
While the application of plastic-modified bitumen
has the potential for significant advancements in
sustainable  road  construction,  overcoming
challenges in material quality, performance
consistency, and environmental impacts is essential
for its success. By focusing on rigorous quality
control, standardized manufacturing practices, and
ongoing research, stakeholders can optimize the
benefits of this innovative material while ensuring
responsible environmental stewardship.

The jouney toward widespread adoption of plastic
roads is fraught with challenges, but with concerted
efforts in raising awareness, fostering partnerships,
and leveraging advanced technologies, these hurdles
can be overcome. By addressing the key challenges
and implementing strategic solutions, the benefits of
plastic roads can be realized across urban and rural
areas alike, contributing to more sustainable
infrastructure  development and a cleaner
environment. There are still some challenges to
address, like cost and ensuring the long-term
performance, but it's certainly a promising step
forward!

Prospects of Plastic Roads

exciting

The prospects of plastic roads indeed present an
opportunity  for both  environmental

sustainability and infrastructure development. Let’s
break down the advantages more clearly:

1.

Waste Management: Plastic roads offer an
innovative way to tackle the growing plastic waste
crisis. By transforming waste plastics into road
materials, we reduce the volume of plastics in
landfills and oceans, making it a practical solution
for plastic waste disposal.

Improved Road Performance: The addition of
plastic to asphalt mixes improves several aspects of
road performance. The material tends to be more
durable and resilient against temperature
fluctuations, heavy traffic, and environmental
conditions, which typically cause conventional
roads to crack or deteriorate faster.

Cost Savings: Even though the initial investment in
plastic roads might be higher due to the technology
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and processes involved, the long-term savings from
reduced maintenance and repair costs are
significant. The roads last longer, and fewer repairs
mean less money spent over the road’s lifespan.

4. Environmental Benefits: Plastic roads contribute
to reducing carbon emissions by cutting the need for
virgin materials, like bitumen, which are derived
from fossil fuels. In addition, the energy-intensive
production of these materials is minimized, making
the overall road construction process more
sustainable.

However, there are challenges to consider, such
as ensuring the plastic used is safe and doesn’t introduce
harmful pollutants into the environment. Also, more
research and trials may be needed to standardize the
techniques for widespread adoption. But, overall, plastic
roads have great potential to reshape the future of
infrastructure while helping to combat plastic pollution.

The recommendations and contributions
provided in this study highlight a balanced and
thoughtful approach to the implementation of plastic
roads. Here's a more structured breakdown of key
considerations and potential next steps for advancing the
concept:

Lead Considerations for Plastic Roads:
1. Environmental Impacts:

a. A comprehensive environmental analysis is
crucial to ensure that the benefits of reducing
plastic waste are not offset by potential
environmental harms.

b. The manufacturing process must be evaluated
to identify emissions, and the long-term
environmental consequences of any chemical
leaching or degradation of plastic components
must be studied to understand the broader
ecological impacts.

2. Impacts on Human Health:

a. The study rightly points out concerns about
toxic chemicals from plastic materials
potentially entering the environment. This
could pose risks to those manufacturing,
installing, or living near plastic roads.

b. Detailed health risk evaluations are necessary,
including studies on exposure to hazardous
materials, both during production and
throughout the road's life cycle.

3. Control of Quality:

a. Establishing clear and standardized production
processes is vital to ensure that plastic-modified
asphalt  consistently meets performance
standards under diverse conditions.

b. Rigorous quality control measures should be
implemented to monitor the reliability of
plastic-modified asphalt and ensure that it

performs well under various weather conditions
and traffic loads.

4. Limitations of Recycling:

a.  While plastic roads provide a novel recycling
solution, not all plastics are equally suitable for
reuse in this context.

b. A focus on improving recycling technologies
and identifying alternative uses for hard-to-
recycle plastics can expand the benefits of
plastic road systems while reducing reliance on
only certain plastic types.

5. Performance Over Time:

a. Research into the longevity of plastic-modified
asphalt is critical to assess whether it can endure
as long as conventional roads, especially
considering varied climates and traffic
conditions.

b. Long-term monitoring and field studies will
provide the data needed to validate the
durability and lifespan of these roads.

6. Economic Viability:

a. A cost-benefit analysis should be conducted to
evaluate the feasibility of plastic roads in terms
of material costs, manufacturing, and ongoing
maintenance.

b. Governments and industries need to balance
initial higher costs (due to new technologies or
processes) against long-term savings from
reduced maintenance and improved durability.

7. Policy and Regulatory Framework:
a. The study calls for the creation of regulatory
standards and policies that govern plastic road

production, material selection, and
environmental and health safeguards.
b. Collaboration between governments,

environmental agencies, and the private sector
will be crucial in creating a clear legal and
policy framework to support the widespread
implementation of plastic roads.

Future Work:
1. Comprehensive Research:

a. Further studies are needed to investigate the
environmental and health impacts of plastic
roads in more detail, especially in terms of their
leaching behavior and any potential risks to
ecosystems or human health.

b. Life-cycle assessments will provide insights
into the full impact of plastic roads from
production to end-of-life disposal.

2. Standardization and Guidelines:

a. Creating standardized protocols for materials,
production  techniques, and performance
assessments is essential for ensuring the quality
and safety of plastic roads.
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4.

b. These guidelines will help streamline adoption
and implementation across different regions
and facilitate consistency in product outcomes.

Technological Advancements:

a. Continued research into improving the
manufacturing process of plastic-modified
asphalt is needed to optimize performance,
reduce costs, and improve recycling methods.

b. Technological innovations could also help
overcome current limitations in material
sourcing, processing efficiency, and durability.

Knowledge Sharing and Collaboration:

a. Encouraging global collaboration and sharing
of research findings will be essential to
overcome challenges related to plastic road
technology.

b. Cross-border partnerships will allow for
pooling of resources, sharing of best practices,
and scaling up successful models to create a
broader impact.

ACKNOWLEDGEMENT

I am thankful to Almighty God for the wisdom,

grace, and strength he gave me to complete this
manuscript. Very Special thanks to Dr. M. Sasidhar —
Principal, Dr. K. Sai Manoj -CEO, Sri K. Rama Mohana
Rao Secretary & Correspondent, Sri K. Lakshmi Karthik

President and Sri

K. Ramesh babu-Industrialist,

Chairman of Amrita Sai Institute of Science and
Technology whose candor, patience, understanding, and
demonstration of empathy inspired me throughout this
challenging journey of writing this manuscript. The
author also gratefully acknowledges all the members of
the S&H, CRT departments.

REFERENCES

1.

Sasidharan, M.; Eskandari Torbaghan, M.; Burrow,
M. Using Waste Plastics in Road Construction.
2019.

Oropeza, D. The Problem with Plastic Roads; The
California Aggie: Davis, CA, USA, 2019;

Wu, S.; Liu, L.; Liu, Y.; Gao, J.; Dai, E.; Feng, A;
Wang, W. The Belt and Road: Geographical pattern
and regional risks. J. Geogr. Sci. 2019, 29, 483-495.
Regmi, M.B.; Hanaoka, S. A survey on impacts of
climate change on road transport infrastructure and
adaptation strategies in Asia. Environ. Econ. Policy
Stud. 2011, 13, 21-41.

Vittal, U.K.G.; Pateria, I. Using Locally Available
Materials in Road Construction—Problems &
Possibilities. 2016. In Proceedings of the A National
Conference on Fifteen Years of PMGSY
(FYPMGSY), Roorkee, India, 6—7 August 2016.
Manikandan, K. Gold in Exchange for Polythene
Waste. The Hindu, 2012. Available online:
https://www.thehindu.com/news/cities/chennai/gol
d-in-exchange-for-polythene-waste (accessed on 21
November 2022).

7.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Pawar, A.V.; Jankar, S.V.; Jadhav, G.S.; Kanbarkar,
M.V.; Sawant, S.S.; Shinde, A.S.; Patil, P.S. Review
Paper on Experimental Study on Use of Plastic in
Flexible Pavement. Int. Res. J. Eng. Technol. 2021,
8, 2670-2673. [

Advanced Plastiform Inc. How Plastic Asphalt Is
Paving the Road to the Future; Advanced Plastiform
Inc.: Zebulon, NC, USA, 2020; Available online:
https://advancedplastiform.com/plastic-asphalt-for-
new-roads/ (accessed on 18 October 2022).

Habib, N.Z.; Kamaruddin, I.; Napiah, M.; Mohd
Tan, I. Rheological properties of polyethylene and
polypropylene modified bitumen. Int. J. Civ.
Environ. Eng. 2011, 3, 96-100. [Google Scholar]
Appiah, J.K.; Berko-Boateng, V.N.; Tagbor, T.A.
Use of waste plastic materials for road construction
in Ghana. Case Stud. Constr. Mater. 2017, 6, 1-7.
Ravve, A. Principles of Polymer Chemistry, 2nd ed.;
Springer: New York, NY, USA, 2000.

Casey, D.; McNally, C.; Gibney, A.; Gilchrist, M.D.
Development of a recycled polymer modified binder
for use in stone mastic asphalt. Resour. Conserv.
Recycl. 2008, 52, 1167-1174.

Perez-Lepe, A.; Martinez-Boza, F.J.; Gallegos, C.
High Temperature Stability of Different Polymer-
Modified Bitumens: A Rheological Evaluation. J.
Appl. Polym. Sci. 2006, 103, 1166-1174.

Plastic  Industry  Association.  Performance
Evaluation and Chemical Characterization of
Asphalt Binders and Mixtures Containing Recycled
Polyethylene;  Plastic  Industry  Association:
Hongkong, China, 2020.

Hou, Y.; Sun, W.; Das, P.; Song, X.; Wang, L.; Ge,
Z.; Huang, Y. Coupled Navier—Stokes Phase-Field
Model to Evaluate the Microscopic Phase
Separation in Asphalt Binder under Thermal
Loading. J. Mater. Civ. Eng. 2016, 28, 1-8.

Presti, D.L. Recycled Tyre Rubber Modified
Bitumens for road asphalt mixtures: A literature
review. Constr. Build. Mater. 2013, 49, 863-881.
MacRebur Ltd. Technical Data Leaching of MR
Modified Asphalt; MacRebur Ltd.: Lockerbie, UK,
2020

Thompson, R.C.; Olsen, Y.; Mitchell, R.P.; Davis,
A.; Rowland, S.J.; John, A\W.; McGonigle, D;
Russell, A.E. Lost at Sea: Where Is All the Plastic?
Science 2004, 304, 838.

Jacques, O.; Prosser, R. A probabilistic risk
assessment of microplastics in soil ecosystems. Sci.
Total Environ. 2020, 757, 143987.

Li, C.; Gan, Y.; Zhang, C.; He, H.; Fang, J.; Wang,
L.; Wang, Y.; Liu, J. “Microplastic communities” in
different environments: Differences, links, and role
of diversity index in source analysis. Water Res.
2020, 188, 116574

Wang, X.; Li, C.; Liu, K.; Zhu, L.; Song, Z.; Li, D.
Atmospheric microplastic over the South China Sea
and East Indian Ocean: Abundance, distribution and
source. J. Hazards Mater. 2020, 389, 121846.

© 2025 | Published by Scholars Middle East Publishers, Dubai, United Arab Emirates

24


https://www.thehindu.com/news/cities/chennai/gold-in-exchange-for-polythene-waste
https://www.thehindu.com/news/cities/chennai/gold-in-exchange-for-polythene-waste
https://advancedplastiform.com/plastic-asphalt-for-new-roads/
https://advancedplastiform.com/plastic-asphalt-for-new-roads/
https://scholar.google.com/scholar_lookup?title=Rheological+properties+of+polyethylene+and+polypropylene+modified+bitumen&author=Habib,+N.Z.&author=Kamaruddin,+I.&author=Napiah,+M.&author=Mohd+Tan,+I.&publication_year=2011&journal=Int.+J.+Civ.+Environ.+Eng.&volume=3&pages=96%E2%80%93100

R. Hema Krishna, Sch Int J Chem Mater Sci, Mar-Apr, 2025; 8(2): 14-27

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Lebreton, L.C.M.; van der Zwet, J.; Damsteeg, J.-
W.; Slat, B.; Andrady, A.; Reisser, J. River plastic
emissions to the world’s oceans. Nat. Commun.
2017, 8, 15611.

Allen, S.; Allen, D.; Phoenix, V.R.; Le Roux, G,
Jiménez, P.D.; Simonneau, A.; Binet, S.; Galop, D.
Atmospheric  transport and  deposition  of
microplastics in a remote mountain catchment. Nat.
Geosci. 2019, 12, 339-344.

Liu, K.; Wu, T.; Wang, X.; Song, Z.; Zong, C.; Wei,
N.; Li, D. Consistent Transport of Terrestrial
Microplastics to the Ocean through Atmosphere.
Environ. Sci. Technol. 2019, 53, 10612-10619.
Yang, L.; Zhang, Y.; Kang, S.; Wang, Z.; Wu, C.
Microplastics in soil: A review on methods,
occurrence, sources, and potential risk. Sci. Total
Environ. 2021, 780, 146546.

Bellasi, A.; Binda, G.; Pozzi, A.; Galafassi, S,;
Volta, P.; Bettinetti, R. Microplastic Contamination
in Freshwater Environments: A Review, Focusing
on Interactions with Sediments and Benthic
Organisms. Environments 2020, 7, 30.

De-la-Torre, G.E. Microplastics: An emerging
threat to food security and human health. J. Food
Sci. Technol. 2020, 57, 1601-1608

Wang, W.; Ge, J.; Yu, X. Bioavailability and
toxicity of microplastics to fish species: A review.
Ecotoxicol. Environ. Saf. 2019, 189, 109913.
World Health Organization. Global Status Report on
Road Safety 2018. 2018. Available online:
https://www.who.int/publications/i/item/97892415
65684 (accessed on 5 August 2022).

Shah, S.A.R.; Ahmad, N.; Shen, Y.; Pirdavani, A,
Basheer, M.A.; Brijs, T. Road Safety Risk
Assessment: An Analysis of Transport Policy and
Management for Low-, Middle-, and High-Income
Asian Countries. Sustainability 2018, 10, 389.
Lechner, A.M.; Chan, F.K.S.; Campos-Arceiz, A.
Biodiversity conservation should be a core value of
China’s Belt and Road Initiative. Nat. Ecol. Evol.
2018, 2, 408-4009.

Lin, S.-C. Landscape and Traffic Factors Affecting
Animal Road Mortality. J. Environ. Eng. Landsc.
Manag. 2016, 24, 10-20.

Jacobson, S.L.; Bliss-Ketchum, L.L.; de Rivera,
C.E.; Smith, W.P. A behavior-based framework for
assessing barrier effects to wildlife from vehicle
traffic volume. Ecosphere 2016, 7, e01345.

Fahrig, L.; Rytwinski, T. Effects of Roads on
Animal Abundance: An Empirical Review and
Synthesis. Ecol. Soc. 2009, 14, 21.

Carter, N.; Killion, A.; Easter, T.; Brandt, J.; Ford,
A. Road development in Asia: Assessing the range-
wide risks to tigers. Sci. Adv. 2020, 6, eaaz9619
Farhadinia, M.S.; Maheshwari, A.; Nawaz, M.A.;
Ambarli, H.; Gritsina, M.A.; Koshkin, M.A.; Rosen,
T.; Hinsley, A.; Macdonald, D.W. Belt and Road
Initiative may create new supplies forillegal wildlife
trade in large carnivores. Nat. Ecol. Evol. 2019, 3,
1267-1268.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

Moretti, L.; Mascio, P.D.; D’Andrea, A.
Environmental Impact Assessment of Road Asphalt
Pavements. Mod. Appl. Sci. 2013, 7, 1.
Washington  Internships  for  Students  of
Engineering. Introduction. In Greenroads TM
Manual v1.5; Greenroads: Deerfield Beach, FL,
USA, 2011.

Bryce, J.M. Developing Sustainable Transportation
Infrastructure. In Exploring the Development and
Implementation of a Green Highway Rating System;
International Standards  Worlwide: ~ West
Conshohocken, PA, USA.

Alamgir, M.; Campbell, M.J.; Sloan, S.; Phin, W.E_;
Laurance, W.F. Road risks & environmental impact
assessments in  Malaysian road infrastructure
projects. Jurutera 2018, 13-16.

Marzouk, M.; Abdelkader, E.M.; El-Zayat, M.;
Aboushady, A. Assessing Environmental Impact
Indicators in Road Construction Projects in
Developing Countries. Sustainability 2017, 9, 843.
Hanson Malaysia. What Is Asphalt? How Is It Used?
Hanson Heildelberg Cement Group: London, UK,
2020; Available online:
https://www.hanson.my/en/what-asphalt-used
(accessed on 18 August 2022).

Pavement Interactive. Energy and Road
Construction—What’s the Mileage of Roadway?
Pavement Interactive, 2012. Available online:
https://pavementinteractive.org/energy-and-road-
construction-whats-the-mileage-of-

roadway/ (accessed on 30 August 2022).

Muench, S.T. Roadway Construction Sustainability
Impacts. Transp. Res. Rec. J. Transp. Res. Board
2010, 2151, 36-45.

Fernandes, S.; Silva, H.M.R.D.; Oliveira, J.R.M.
Mechanical, surface and environmental evaluation
of stone mastic asphalt mixtures with advanced
asphalt binders using waste materials. Road Mater.
Pavement Des. 2017, 20, 316-333.

Park, W.-J.; Kim, R.; Roh, S.; Ban, H. Analysis of
Major Environmental Impact Categories of Road
Construction Materials. Sustainability 2020, 12,
6951.

Sun, W.; Lu, G.; Ye, C.; Chen, S.; Hou, Y.; Wang,
D.; Wang, L.; Oeser, M. The State of the Art:
Application of Green Technology in Sustainable
Pavement. Adv. Mater. Sci. Eng. 2018, 2018,
9760464

Pratico, F.G.; Giunta, M.; Mistretta, M.; Gulotta,
T.M. Energy and Environmental Life Cycle
Assessment of Sustainable Pavement Materials and
Technologies for Urban Roads. Sustainability 2020,
12,704,

Rahman, T.; Mohajerani, A.; Giustozzi, F.
Recycling of Waste Materials for Asphalt Concrete
and Bitumen: A Review. Materials 2020, 13, 1495.
Edel, D. How an Indian Man Inspired Strong Plastic
Roads Across the World. Intelligent Living, 2020.
Available online:
https://www.intelligentliving.co/indian-man-

© 2025 | Published by Scholars Middle East Publishers, Dubai, United Arab Emirates

25


https://www.who.int/publications/i/item/9789241565684
https://www.who.int/publications/i/item/9789241565684
https://www.hanson.my/en/what-asphalt-used
https://pavementinteractive.org/energy-and-road-construction-whats-the-mileage-of-roadway/
https://pavementinteractive.org/energy-and-road-construction-whats-the-mileage-of-roadway/
https://pavementinteractive.org/energy-and-road-construction-whats-the-mileage-of-roadway/
https://www.intelligentliving.co/indian-man-inspired-strong-plastic-roads/

R. Hema Krishna, Sch Int J Chem Mater Sci, Mar-Apr, 2025; 8(2): 14-27

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

inspired-strong-plastic-roads/ (accessed on 30
August 2022).

Salehi, S.; Arashpour, M.; Kodikara, J.; Guppy, R.
Sustainable pavement construction: A systematic
literature review of environmental and economic
analysis of recycled materials. J. Clean. Prod. 2021,
313, 127936. [

Bangladesh Sangbad Sangstha. RHD Expects to
Build 100 km Road in a Month Using Nanotech;
Bangladesh Sangbad Sangstha: Dhaka, Bangladesh,

2022; Available online:
https://lwww.bssnews.net/news/69995 (accessed on
31 August 2022).

Sundas, S. Thomson Reuters Foundation. Bhutan,
the Road to Green Development Is Paved with
Plastic; Thomson Reuters: Singapore, 2015;
Available online:
https://www.reuters.com/article/bhutan-green-
paving-idUSL8N12X21M20151102 (accessed on
31 August 2022).

Nepali Times. Pokhara’s Plastic Road. Nepali
Times, 2018. Available online:
https://www.nepalitimes.com/from-the-nepali-
press/pokharas-plastic-road/ (accessed on 31
August 2022).

Karelia, G.; Bhaskar, S. One Lakh Kilometres of
Roads in India Are Being Made from Plastic Waste,
Is This the Solution to End Plastic Crisis? Swach
Hindia, 2018. Available online:
https://swachhindia.ndtv.com/plastic-waste-roads-
one-lakh-kilometre-india-20274/ (accessed on 31
August 2022).

Biswas, A.; Potnis, S. Plastic Bituminous Roads: A
Sustainable Technology—For Better Handling
Distresses. Eur. J. Eng. Technol. Res. 2022, 7, 63—
69.

Hadizadeh, E.; Pazokifard, S.; Mirabedini, S.;
Ashrafian, H. Optimizing practical properties of
MMA-based cold plastic road marking paints using
mixture experimental design. Prog. Org. Coat. 2020,
147, 105784.

Rana, S.; Khwaja, M.A. Plastic Waste Use in Road
Construction: Viable Waste Management? SDPI:
Islamabad, Pakistan, 2022.

The Nation. Coca-Cola Kicks off Pakistan’s First
Plastic Road Project. Nation, 2021. Available
online: https://www.nation.com.pk/27-Sep-
2021/coca-cola-kicks-off-pakistan-s-first-plastic-
road-project (accessed on 31 August 2022).

Daily News. SAGT Road Resurfacing Project with
Modified Plastic Asphalt. Daily News, 2021.
Available online:
https://iwww.dailynews.lk/2021/09/18/local/259662
/sagt-road-resurfacing-project-modified-plastic-
asphalt (accessed on 2 September 2022).
Martirosyan, A. Plastic waste to be recycled into
building materials for the first time in Armenia. EU
NEIGHBHOURSEAST, 2018. Available online:
https://feuneighbourseast.eu/news/stories/plastic-
waste-to-be-recycled-into-building-materials-for-

62.

63.

64.

65.

66.

67.

68.

69.

70.

the-first-time-in-armenia/ (accessed on 24
September 2022).

APA. A Scottish Company Will Build a Plastic
Road in Azerbaijan; APA: Washington, DC, USA,
2021; Available online:
https://apa.az/az/xeber/infrastruktur/sotlandiya-
sirketi-azerbaycanda-plastik-yol-cekecek-foto-
663524 (accessed on 2 September 2022).

Parson, A. How Paving with Plastic Could Make a
Dent in the Global Waste Problem.
YaleEnvironment360, 2021. Available online:
https://e360.yale.edu/features/how-paving-with-
plastic-could-make-a-dent-in-the-global-waste-
problem (accessed on 2 September 2022).

Circular Glasgow. The End of the Road for Plastic
Waste; Circular Glasgow: Glasgow, UK, 2021;
Available online:
https://www.circularglasgow.com/story/macrebur/
(accessed on 2 September 2022).

Alsaegh, R. Construction Waste as an
Environmental Dilemma in Bahrain. 2019.
Available online:

https://www.researchgate.net/publication/34657676
2_Construction_waste_as_an_environmental_dile
mma_in_Bahrain (accessed on 5 August 2022).
Gulf Daily News. Plan to Create Roads with
Recycled Waste in Bahrain; Gulf Daily News:
Manama, Bahrain, 2021; Available online:
https://www.zawya.com/en/business/plan-to-
create-roads-with-recycled-waste-in-bahrain-
tmpm10fk (accessed on 1 September 2022).
Morrison, J.; Kordova, S. Revolutionary Recycling?
A New Technology Turns Everyday Trash into
Plastic Treasure. Washington Post, 2019. Available
online:
https://www.washingtonpost.com/graphics/2019/cli
mate-solutions/israeli-startup-ubg-turning-trash-
into-plastic-products/ (accessed on 2 September
2022).

Haaretz, R.S. Israeli Startup Converts Garbage into
Construction Products. Hindu, 2019. Available
online: https://www.thehindu.com/sci-tech/energy-
and-environment/israeli-startup-converts-garbage-
into-building-
products/article26768075.ece#:~:text=UBQ%20inv
ented%20a%?20patented%20new,n0%20water%20i
n%?20the%20process&text=The%20UBQ%20plant
%20in%20the,plastic%2C%20bricks%20and%20ro
ad%?20paving (accessed on 2 September 2022).

Ben Zion, . Israeli firm says it can turn garbage into
plastic gold. The Times of Israel, 2018. Available
online: https://www.timesofisrael.com/israeli-firm-
says-it-can-turn-garbage-into-plastic-

gold/ (accessed on 2 September 2022).

Prata, J.C.; da Costa, J.P.; Lopes, I.; Duarte, A.C,;
Rocha-Santos, T. Environmental exposure to
microplastics: An overview on possible human
health effects. Sci. Total Environ. 2019, 702,
134455.

© 2025 | Published by Scholars Middle East Publishers, Dubai, United Arab Emirates

26


https://www.intelligentliving.co/indian-man-inspired-strong-plastic-roads/
https://www.bssnews.net/news/69995
https://www.reuters.com/article/bhutan-green-paving-idUSL8N12X21M20151102
https://www.reuters.com/article/bhutan-green-paving-idUSL8N12X21M20151102
https://www.nepalitimes.com/from-the-nepali-press/pokharas-plastic-road/
https://www.nepalitimes.com/from-the-nepali-press/pokharas-plastic-road/
https://swachhindia.ndtv.com/plastic-waste-roads-one-lakh-kilometre-india-20274/
https://swachhindia.ndtv.com/plastic-waste-roads-one-lakh-kilometre-india-20274/
https://www.nation.com.pk/27-Sep-2021/coca-cola-kicks-off-pakistan-s-first-plastic-road-project
https://www.nation.com.pk/27-Sep-2021/coca-cola-kicks-off-pakistan-s-first-plastic-road-project
https://www.nation.com.pk/27-Sep-2021/coca-cola-kicks-off-pakistan-s-first-plastic-road-project
https://www.dailynews.lk/2021/09/18/local/259662/sagt-road-resurfacing-project-modified-plastic-asphalt
https://www.dailynews.lk/2021/09/18/local/259662/sagt-road-resurfacing-project-modified-plastic-asphalt
https://www.dailynews.lk/2021/09/18/local/259662/sagt-road-resurfacing-project-modified-plastic-asphalt
https://euneighbourseast.eu/news/stories/plastic-waste-to-be-recycled-into-building-materials-for-the-first-time-in-armenia/
https://euneighbourseast.eu/news/stories/plastic-waste-to-be-recycled-into-building-materials-for-the-first-time-in-armenia/
https://euneighbourseast.eu/news/stories/plastic-waste-to-be-recycled-into-building-materials-for-the-first-time-in-armenia/
https://apa.az/az/xeber/infrastruktur/sotlandiya-sirketi-azerbaycanda-plastik-yol-cekecek-foto-663524
https://apa.az/az/xeber/infrastruktur/sotlandiya-sirketi-azerbaycanda-plastik-yol-cekecek-foto-663524
https://apa.az/az/xeber/infrastruktur/sotlandiya-sirketi-azerbaycanda-plastik-yol-cekecek-foto-663524
https://e360.yale.edu/features/how-paving-with-plastic-could-make-a-dent-in-the-global-waste-problem
https://e360.yale.edu/features/how-paving-with-plastic-could-make-a-dent-in-the-global-waste-problem
https://e360.yale.edu/features/how-paving-with-plastic-could-make-a-dent-in-the-global-waste-problem
https://www.circularglasgow.com/story/macrebur/
https://www.researchgate.net/publication/346576762_Construction_waste_as_an_environmental_dilemma_in_Bahrain
https://www.researchgate.net/publication/346576762_Construction_waste_as_an_environmental_dilemma_in_Bahrain
https://www.researchgate.net/publication/346576762_Construction_waste_as_an_environmental_dilemma_in_Bahrain
https://www.zawya.com/en/business/plan-to-create-roads-with-recycled-waste-in-bahrain-tmpm10fk
https://www.zawya.com/en/business/plan-to-create-roads-with-recycled-waste-in-bahrain-tmpm10fk
https://www.zawya.com/en/business/plan-to-create-roads-with-recycled-waste-in-bahrain-tmpm10fk
https://www.washingtonpost.com/graphics/2019/climate-solutions/israeli-startup-ubq-turning-trash-into-plastic-products/
https://www.washingtonpost.com/graphics/2019/climate-solutions/israeli-startup-ubq-turning-trash-into-plastic-products/
https://www.washingtonpost.com/graphics/2019/climate-solutions/israeli-startup-ubq-turning-trash-into-plastic-products/
https://www.thehindu.com/sci-tech/energy-and-environment/israeli-startup-converts-garbage-into-building-products/article26768075.ece#:~:text=UBQ%20invented%20a%20patented%20new,no%20water%20in%20the%20process&text=The%20UBQ%20plant%20in%20the,plastic%2C%20bricks%20and%20road%20paving
https://www.thehindu.com/sci-tech/energy-and-environment/israeli-startup-converts-garbage-into-building-products/article26768075.ece#:~:text=UBQ%20invented%20a%20patented%20new,no%20water%20in%20the%20process&text=The%20UBQ%20plant%20in%20the,plastic%2C%20bricks%20and%20road%20paving
https://www.thehindu.com/sci-tech/energy-and-environment/israeli-startup-converts-garbage-into-building-products/article26768075.ece#:~:text=UBQ%20invented%20a%20patented%20new,no%20water%20in%20the%20process&text=The%20UBQ%20plant%20in%20the,plastic%2C%20bricks%20and%20road%20paving
https://www.thehindu.com/sci-tech/energy-and-environment/israeli-startup-converts-garbage-into-building-products/article26768075.ece#:~:text=UBQ%20invented%20a%20patented%20new,no%20water%20in%20the%20process&text=The%20UBQ%20plant%20in%20the,plastic%2C%20bricks%20and%20road%20paving
https://www.thehindu.com/sci-tech/energy-and-environment/israeli-startup-converts-garbage-into-building-products/article26768075.ece#:~:text=UBQ%20invented%20a%20patented%20new,no%20water%20in%20the%20process&text=The%20UBQ%20plant%20in%20the,plastic%2C%20bricks%20and%20road%20paving
https://www.thehindu.com/sci-tech/energy-and-environment/israeli-startup-converts-garbage-into-building-products/article26768075.ece#:~:text=UBQ%20invented%20a%20patented%20new,no%20water%20in%20the%20process&text=The%20UBQ%20plant%20in%20the,plastic%2C%20bricks%20and%20road%20paving
https://www.thehindu.com/sci-tech/energy-and-environment/israeli-startup-converts-garbage-into-building-products/article26768075.ece#:~:text=UBQ%20invented%20a%20patented%20new,no%20water%20in%20the%20process&text=The%20UBQ%20plant%20in%20the,plastic%2C%20bricks%20and%20road%20paving
https://www.thehindu.com/sci-tech/energy-and-environment/israeli-startup-converts-garbage-into-building-products/article26768075.ece#:~:text=UBQ%20invented%20a%20patented%20new,no%20water%20in%20the%20process&text=The%20UBQ%20plant%20in%20the,plastic%2C%20bricks%20and%20road%20paving
https://www.timesofisrael.com/israeli-firm-says-it-can-turn-garbage-into-plastic-gold/
https://www.timesofisrael.com/israeli-firm-says-it-can-turn-garbage-into-plastic-gold/
https://www.timesofisrael.com/israeli-firm-says-it-can-turn-garbage-into-plastic-gold/

R. Hema Krishna, Sch Int J Chem Mater Sci, Mar-Apr, 2025; 8(2): 14-27

71.

72.

73.

Liu, W.; Zhao, Y.; Shi, Z,; Li, Z.; Liang, X.
Ecotoxicoproteomic assessment of microplastics
and plastic additives in aquatic organisms: A review.
Comp. Biochem. Physiol. Part D Genom. Proteom.
2020, 36, 100713

De Wit, C.A.; Kierkegaard, A.; Ricklund, N.;
Sellstrom, U. Emerging Brominated Flame
Retardants in the Environment. In The Handbook of
Environmental Chemistry; Speinger:
Berlin/Heidelberg, Germany, 2011; pp. 241-286.
Verla, A.W.; Enyoh, C.E.; Verla, E.N.; Nwarnorh,
K.O. Microplastic-toxic chemical interaction: A
review study on quantified levels, mechanism and
implication. SN Appl. Sci. 2019, 1, 1400.

74.

75.

76.

United Nations Environment Programme. Single-
Use Plastics: A Roadmap for Sustainability; United
Nations Environment Programme: Nairobi, Kenya,
2018

He, P.; Chen, L.; Shao, L.; Zhang, H.; Ld, F.
Municipal solid waste (MSW) landfill: A source of
microplastics?—Evidence of microplastics in
landfill leachate. Water Res. 2019, 159, 38-45.
Chen, H.L.; Nath, T.K.; Chong, S.; Foo, V.; Gibbins,
C.; Lechner, A.M. The plastic waste problem in
Malaysia: Management, recycling and disposal of
local and global plastic waste. SN Appl. Sci. 2021,
3,1-15.

© 2025 | Published by Scholars Middle East Publishers, Dubai, United Arab Emirates

27



