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Abstract

The widespread use of multilayer packaging in industries such as food, beverages, pharmaceuticals, and
cosmetics is driven by its ability to provide superior protection against environmental factors. However,
the complex composition of multilayer packaging, involving bonded layers of different materials, presents
substantial challenges for recycling, leading to low recycling rates and significant landfill accumulation.
This study explores the potential of double packaging, which employs easily separable layers, as a solution
to enhance recycling efficiency and mitigate environmental impacts. Primary recycling methods, including
mechanical and chemical processes, are examined alongside advanced techniques like solvent-based
and enzymatic recycling. Design considerations for double packaging are analyzed, emphasizing the use
of minimal materials and adhesives, strategic sealing, and clear labeling to facilitate recyclability. Case
studies from the food, beverage, and cosmetics sectors highlight the practical benefits of double packaging,
demonstrating improvements in recycling rates, cost-effectiveness, and consumer compliance. The
findings suggest that double packaging significantly simplifies the recycling process, reduces dependency
on landfills, and lowers greenhouse gas emissions by decreasing the need for virgin materials. Effective
implementation requires industry collaboration, regulatory support, economic incentives, investment in
innovative recycling technologies, and robust consumer education programs. Double packaging emerges as
a viable strategy for advancing sustainable packaging solutions and promoting a circular economy.
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1 INTRODUCTION

The demand for effective packaging solutions has
driven the widespread adoption of multilayer packaging
across various sectors, including food, beverage,
pharmaceuticals, and cosmetics. These materials are
designed to protect products from environmental factors
such as moisture, oxygen, and light, thereby extending

shelf life and maintaining product integrity'". However,
the intricate structure of multilayer packaging, typically
composed of different materials bonded together, poses
significant challenges to recycling efforts™. Companies and
researchers pay much attention to the back-end recycling
of plastic packaging wastes, but the front-end design for
recycling plastic packaging is often ignored"”’. The inability
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to efficiently separate these bonded layers results in low
recycling rates, with approximately 15% of municipal solid
waste consisting of multilayer packaging™. This reliance on
landfills for disposal exacerbates environmental pollution
and contributes to greenhouse gas emissions, particularly
methane, which is released during the decomposition of

organic materials in landfills"™.

In contrast, split-layer packaging presents a promising
alternative to traditional multilayer packaging by simplifying
recycling, reducing costs, and lowering emissions. This
innovative approach allows for the use of easily separable
layers, which can facilitate efficient recycling processes
and minimize environmental impact. However, despite its
potential benefits, challenges remain in scaling up split-layer
packaging across different industries. This paper aims to
explore the concept of split-layer packaging, its benefits, case
studies demonstrating its effectiveness, and the alignment of
this packaging approach with global sustainability goals and
regulatory frameworks.

1.1 Environmental Impact of Multilayer Packaging
Waste

The environmental impact of multilayer packaging waste
is profound. When disposed of in landfills, these materials
can take hundreds of years to decompose, releasing methane,
a potent greenhouse gas that contributes significantly to
climate change. The persistence of non-biodegradable
materials in the environment leads to long-term pollution,
with microplastics emerging as a major concern®”’.

1.2 Microplastics and Their Risks

Microplastics are tiny plastic fragments that result from
the degradation of larger plastic items. They can contaminate
soil and water, posing risks to wildlife and human health.
Studies have shown that microplastics can enter the food
chain, affecting various species and potentially causing harm
to human health through bioaccumulation. Furthermore, the
incineration of plastic waste can release toxic substances,
such as dioxins and furans, which have detrimental effects on
both environmental and human health™.

2 METHODS

This review employs a systematic approach to gather
and analyze relevant literature on split-layer packaging
and its role in improving recycling efficiency. Literature
was sourced from three major databases: Google Scholar,
PubMed, and ResearchGate. Search terms such as “split-
layer packaging,” “multilayer packaging recycling,” and
“sustainable packaging” were used to identify articles
focusing on the food, beverage, and cosmetics industries,
with an emphasis on mechanical, chemical, solvent-based,
and enzymatic recycling methods.

2.1 Inclusion and Exclusion Criteria
Only peer-reviewed papers, case studies, and publications
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from the last ten years were included in the analysis to
ensure the relevance of the findings. Articles that focused on
innovations in recycling technologies, design considerations,
and sustainability in packaging were prioritized. Papers that
were outdated, irrelevant, or focused on industries outside the
scope of the review were excluded.

2.2 Data Extraction and Analysis

Key information on design considerations, recycling
methods, and outcomes of split-layer packaging was
extracted from the selected literature. Case studies
showcasing improvements in recycling rates, cost-
effectiveness, and consumer compliance were emphasized.
Alongside the synthesis of trends, challenges, and
opportunities from the literature, the paper also integrates
the author's own insights, drawing from critical analysis to
assess the potential of split-layer packaging in advancing
sustainable packaging solutions.

3 RECYCLING CHALLENGES

Recycling multilayer packaging is particularly
challenging due to the complexity of its material
composition. The intricate structure of multilayer packaging,
which often consists of various bonded materials,
complicates the recycling process and results in low
recycling rates”. Current recycling technologies frequently
fall short in efficiently processing these materials, leading to

increased landfill use and environmental pollution”’.

3.1 Mechanical Recycling

Mechanical recycling is the most common method for
processing plastic waste. This method involves melting
and reprocessing plastic materials to create new products.
However, multilayer packaging often comprises different
types of plastics that can have incompatible melting points
and chemical properties'". This incompatibility makes
it difficult to recycle these materials together without
compromising the quality of the recycled product. For
instance, when different plastics are melted together, they
may not bond properly, leading to a lower quality material
that is less suitable for manufacturing new products.
Additionally, the presence of additives, such as colorants
and stabilizers, can further complicate the mechanical
recycling process by affecting the melting behavior and
properties of the recycled material!'>".

3.2 Chemical Recycling

Chemical recycling, which breaks down plastics into
their monomers or other chemical feedstocks, offers a
potential solution to the challenges faced by mechanical
recycling. This method can process a wider variety of
plastic types, including those that are difficult to recycle
mechanically. By converting plastics back into their basic
building blocks, chemical recycling can produce high-
quality raw materials that can be used to manufacture new
plastics. However, chemical recycling technologies are still
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Figure 1. Structural Diagram of Multilayer Packaging'"(a) and Split Layer Packaging (b).

in their early stages of development. They can be energy-
intensive and costly, which raises concerns about their
overall sustainability and economic viability. Moreover,
the presence of contaminants and additives in multilayer
packaging materials can complicate the chemical recycling
process, as these substances may interfere with the
breakdown and purification of the recycled materials! ",

3.3 Advanced Recycling Technologies

In addition to mechanical and chemical recycling, there
are emerging advanced recycling technologies that aim to
enhance the recycling of multilayer packaging. For example,
solvent-based recycling uses solvents to dissolve specific
types of plastics, allowing for the separation of different
materials. This method can effectively recover high-purity
plastics from multilayer packaging!". Another innovative
approach is enzymatic recycling, which employs enzymes
to break down plastics into their monomers'’. This method
has shown promise for certain types of plastics and could
potentially be applied to multilayer packaging in the future.

3.4 Challenges and Opportunities

Despite the potential of these recycling methods, several
challenges remain. The economic feasibility of advanced
recycling technologies is still being evaluated, and
widespread adoption will require significant investment in
infrastructure and technology™”'". Additionally, consumer
awareness and participation in recycling programs are
crucial for improving recycling rates. Education campaigns
that inform consumers about the recyclability of multilayer
packaging and the importance of proper disposal can help
increase participation in recycling efforts' """

4 SPLIT-LAYER PACKAGING: CONCEPT AND
BENEFITS

Split-layer packaging is characterized by the use of two
distinct layers that serve different functions and can either
be fully detached or connected with minimal adhesive, such
as a very thin tie layer. For example, an inner plastic wrap
can offer moisture resistance, while an outer cardboard
layer provides structural support (Figure 1), including
applications like the bag-in-box concept. This innovative
design enhances the recycling process by allowing each
layer to be individually sorted and processed. The barrier
layer, which protects against moisture and gases, can be
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placed as either the inner or outer layer based on specific
packaging needs. Moreover, the tie layer traditionally
used to bond these materials can be reduced or eliminated,
making material separation during recycling even easier.
This method exemplifies the principles of structures that are

simple to assemble and disassemble"’.

4.1 Simplifying Recycling

One of the primary benefits of split-layer packaging is
the simplification of the recycling process. By employing
distinct and separable layers, split-layer packaging
facilitates easier sorting and processing of materials.
This can lead to higher recovery rates, as homogeneous
materials are generally easier to recycle than composite
ones. The separation of materials in split-layer packaging
can be achieved through manual or automated sorting
processes. Manual sorting involves workers separating the
different layers by hand, while automated sorting employs
advanced technologies such as optical sorting and near-
infrared spectroscopy to identify and separate materials
based on their properties. Both methods can significantly
improve the efficiency and effectiveness of the recycling
process™”.

4.2 Cost-Effectiveness

Split-layer packaging can also be cost-effective. By
reducing the complexity of materials used”", split-layer
packaging can lower production costs. The use of easily
separable layers can reduce the need for sophisticated
recycling technologies, further lowering costs. The
production of split-layer packaging can benefit from
economies of scale; as the demand for sustainable
packaging solutions increases, manufacturers can invest in
more efficient production processes and technologies™"”,
reducing the cost of split-layer packaging materials.

Furthermore, the improved recyclability of split-layer
packaging can create value through the recovery of high-
quality recycled materials, which can be utilized in the
production of new packaging™".

4.3 Consumer Convenience

Split-layer packaging offers consumer convenience by
providing clear instructions for disposal and recycling.
This ensures that materials are properly directed to their

J Mod Ind Manuf2024; 3: 12



respective recycling streams, improving overall recycling
rates. Clear labeling and minimal adhesives are crucial in
guiding consumers on how to dispose of each component
properly!®. Consumer education and awareness are
essential for the success of split-layer packaging. Packaging
labels should include straightforward instructions on how to
separate and recycle the different layers. Public awareness
campaigns and educational programs can also help
consumers understand the benefits of split-layer packaging
and encourage them to participate in recycling efforts''***,

4.4 Environmental Benefits of Split-layer Packaging
Split-layer packaging can help reduce greenhouse gas
emissions by decreasing the need for virgin materials and
reducing energy consumption. Recycling materials typically
requires less energy than producing new ones, leading to
lower carbon emissions. Additionally, by diverting waste
from landfills, split-layer packaging reduces the release of
methane and other greenhouse gases. The production of
virgin plastic materials involves the extraction and processing
of fossil fuels, which are associated with significant
greenhouse gas emissions””. By increasing the recycling rate
of packaging materials, split-layer packaging can reduce the
demand for virgin plastics, leading to lower emissions from
the production process. Furthermore, the use of renewable
energy sources in the recycling process can further reduce the
[26]

carbon footprint of packaging ™.

4.5 Decreasing Landfill Dependence

Split-layer packaging reduces landfill dependence by
improving recycling rates. By making it easier to separate
and process materials, split-layer packaging ensures that more
materials are recycled and less waste ends up in landfills.
This reduces the environmental impact of packaging waste
and helps preserve landfill space. Landfill space is a finite
resource, and many landfills are reaching their capacity™".
By diverting waste from landfills through improved recycling
practices, split-layer packaging can help alleviate the pressure
on landfill sites and extend their lifespan. Additionally,
reducing the amount of waste sent to landfills can decrease
the environmental and health risks associated with landfill
operations, such as groundwater contamination and air

pollution””.

5 DESIGN CONSIDERATIONS FOR SPLIT-LAYER
PACKAGING

In designing split-layer packaging, several considerations
are critical to ensure its effectiveness and sustainability.

5.1 Use of Minimal Materials

To further enhance the sustainability of split-layer
packaging, it is essential to adopt a design philosophy
centered around the use of minimal materials. This approach
not only reduces the environmental footprint of the packaging
but also contributes to cost savings and resource efficiency.
By optimizing the amount of material used for both the

@’ Innovation Forever Publishing Group Limited

4/10

https://doi.org/10.53964/jmim.2024012

inner and outer layers, manufacturers can achieve a balance
between functionality and sustainability. For instance,
thinner plastic films can be used for moisture resistance,
while lightweight cardboard or paper can provide structural
support. Additionally, reducing the volume of adhesives and
other auxiliary materials ensures that each component can
be easily separated and recycled. This minimalist approach
aligns with the principles of eco-design, which emphasize
the reduction of waste and the efficient use of resources
throughout the product’s lifecycle. By prioritizing minimal
material use, split-layer packaging can significantly reduce
the consumption of raw materials, lower transportation
emissions due to lighter packaging, and enhance the overall
recyclability of the packaging components. Table 1. presents
the optimal dimensions for various geometric shapes used in
packaging, calculated to ensure minimum material use while
maximizing volume efficiency. It highlights how material can
be conserved by optimizing the surface area to volume ratio,
contributing to more sustainable and cost-effective packaging
solutions.

Explanation of Additional Shapes:

(1) Ellipsoid:

The ellipsoid has three semi-principal axes a, b, and c.
The volume equation is given by V = zmabc,

The surface area of an ellipsoid is generally approximated,
as there’s no simple exact formula, but it’s roughly A = ©
((ab+actbe)’)’/’

Minimizing the surface area for a given volume would
involve adjusting the axes lengths relative to each other.

(2) Cone:

The volume of a cone is v = lnrzh, where r is the radius of
the base and h is the height.

The surface area is A = nr(\/i2 + r2) + mr2, which includes
both the lateral surface and the base.

Minimizing the surface area for a cone involves balancing
the radius and height, often leading to a cone where the slant
height equals the base radius for optimal material use.

(3) Torus:

The volume of a torus (doughnut shape) depends on the
major radius R and the minor radius r: V=21"Rr".

The surface area is A=47’Rr.

Minimizing material use for a torus requires a balance
between the major and minor radii.

(4) Prism:

For a prism, the volume is given by the base area B times
the height h (i.e., V=Bh).

Minimizing surface area depends on the shape of the
base and the height, which can vary depending on whether
the base is a square, triangle, etc.

(5) Pyramid:
The volume of a pyramid is V=13Bh, where B is the
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Table 1. Optimizing Geometric Shapes for Packaging: Volume and Minimum Surface Area for

Material Efficiency

Shape

Volume Equation Minimum Surface Area (Material)

Optimum Dimensions Other Notes

Cylmder V = nr¢h A=6m (21)%
TC

Sphere _ 4 B 3v.2
V= gmr A=4am( )3

Cube V=a’ A=6a"

Rectangular V=Iwh A=2lw+2lh+2wh

Box

Ellipsoid Approximate:

(ab+ac+bc 3
A= 4n(—3 )

V = —mabc

Cone 1 A =mr?(1++/3)

V = =mr?h

Torus V=2m’Rr* A=41’Rr

Prism Depends on the base shape

i 1
Pyramid A=B+5Pl

- (1)%. h=o2r Common in bottles, cans, and tubes.

2’ Optimal when height is twice the radius.
The most efficient shape in terms of
surface area for a given volume, though
rarely practical due to stacking and
storage issues.

3v.1
r=(3”3

a=3W A cube provides good efficiency in
stacking and storing with uniform side
lengths. The side length is the cube root

of the volume for minimal surface area.

Varies by length 1, width
w, heighth

Widely used in packaging due to
flexibility in length, width, and height.
The dimensions can be adjusted to
minimize material while maximizing
volume.

Varies by semi-principal
axesa, b, c

Rarely used in standard packaging but
could be considered for specialized
containers due to potential material
savings. An ellipsoid has semi-principal
axes a, b, and ¢; finding the exact surface
area formula involves approximations
for most cases.

Depends on radius r
and height h

Conical shapes are used in funnels and
some bottles. Optimizing radius and
height can reduce material cost. The
surface area involves the slant height,
making the minimization process more
complex.

Less common in packaging, but the

3V 1 shape could inspire innovative designs
2 for stackable or modular containers. A
torus (doughnut shape) minimizes sur-
face area for certain configurations but is
more complex to analyze geometrically.

Depends on base area B
and height h

Minimizing the surface area depends on
the base shape and the height.

P is the perimeter of the
base, 1is the slant height

Prismatic shapes are practical for packag-
ing, especially for elongated products. Min-
imizing surface area involves balancing the
base area and slant height.

area of the base and h is the height.

The surface area A=B+12P depends on the base area B,
the perimeter P, and the slant height 1.

Minimizing the material used involves adjusting the base
area and the slant height to achieve the least surface area for
a given volume.

Notes on Minimizing Surface Area:

For complex shapes like ellipsoids and toruses, the
minimization of surface area often involves more advanced
calculus and approximations.

Spheres remain the most efficient shape, minimizing
surface area for any given volume, followed by other shapes
where the surface is balanced between different dimensions.

5.2 Use of Minimal Adhesives
To ensure that split-layer packaging is easily separable,
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minimal adhesives should be used to attach layers. This
prevents the layers from becoming too difficult to separate
during the recycling process. Instead, strategic sealing
should be employed to prevent movement while ensuring
easy separation””. The choice of adhesives used in split-
layer packaging is important for both recyclability and
environmental impact. Water-soluble adhesives, for
example, can be used to attach layers in a way that allows
them to be easily separated during the recycling process.
Additionally, the use of biodegradable or compostable
adhesives can further enhance the sustainability of split-
(28]

layer packaging ™.

5.3 Strategic Sealing

Strategic sealing is essential in split-layer packaging
to prevent movement of the layers while ensuring easy
separation. Proper sealing techniques can help maintain the
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Applications
Sealing Technique Advantages Disadvantages and Material Compatibili- Environmental Impact
ty
Heat Sealing™ Strong, airtight seal for Requires heat (may Food packaging, High energy consumption
thermoplastics affect contents), precise pharmaceuticals Recyclability depends on
Cost-effective for large-scale temperature control, and Plastics, laminates material
production specialized equipment
High-speed sealing High energy consumption
High seal strength
Suitable for many types of
plastic packaging
Cold Sealing™ Ideal for heat-sensitive Weaker bond than heat Chocolates, bandages, Adhesives complicate
products sealing snacks recycling
Low energy consumption  Special adhesives needed ~ Flexible materials, paper
High-speed sealing process ~ Adhesive may degrade in
Easy to implement in high- ~ extreme conditions
speed production lines
Low cost
Ultrasonic Sealing™™!  Strong bond without High initial equipment cost Food and beverage Energy-efficient but high
external heat and complex machinery packaging initial setup
Energy-efficient and maintenance Thermoplastics, some films
High seal strength Limited material
Reduces material waste compatibility
Medium-speed sealing
Induction Sealingpm] Tamper-evident Limited to closures with Liquid, food, Low waste generation, but
Leak-proof conductive material pharmaceuticals foil hard to recycle
High-speed process High equipment cost Bottles, jars (with metal or
Non-contact sealing Limited application outside foil seals)
Strong seal cap sealing
Easily automated for high-
speed bottling
Crimp Sealing™ Simple and fast process Limited to flexible materials Flexible packaging for Minimal environmental
Low cost like bags snacks, bread impact, no extra materials
No adhesives or heat Weak seal under heavy Paper, plastics used
required load
High-speed process Not suitable for liquids
Easy to implement and low- Weaker seal compared to
maintenance equipment other methods
Hot-Melt Adhesive Fast bonding Adhesive affects Packaging boxes, cartons, ~ Adhesive residue
Sealing”! Strong adhesion recyclability bags complicates recycling
High-speed sealing Adhesive may degradein  Paper, plastics, multi-
Compatible with multi- heat materials
materials Requires heated equipment
Medium cost Adhesive may add bulk to
Suitable for high-speed packaging
production
Pressure-Sensitive No heat or specialized Weaker bond Resealable packaging for Adhesive residue affects
Sealing™ equipment Affected by temperature snacks recycling
Resealable and humidity Flexible materials, some
Low cost Adhesive contaminates paper
Easy to implement and recycling
adjust Not suitable for high-
barrier applications

Shrink Wrapping
Sealing™

Tight, tamper-evident seal
Transparent for product
visibility

Low cost

Suitable for irregularly
shaped products
High-speed process

Requires heat, may affect
contents

High energy consumption
May not protect against
moisture

High initial setup cost for
shrink tunnels

Food products, multipacks,
books
Plastics, some flexible films

Excessive plastic usage, not
easily recyclable

integrity of the packaging while making it easier to separate
. Various sealing techniques
can be used in split-layer packaging, including heat
, and pressure-sensitive
adhesives”"! (Table 2). Each method has its advantages and
disadvantages, depending on the materials used and the

the layers for recycling

sealing”"!
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[29]

intended application. For example, heat sealing can create
a strong bond between layers, but it may not be suitable
for heat-sensitive materials. Ultrasonic sealing, on the
other hand, can create a secure seal without the need for
adhesives or high temperatures, making it suitable for a
wider range of materials
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Ultrasonic sealing is the most environmentally friendly
packaging technique due to its low energy consumption,
strong seal without adhesives, and minimal material waste,
making it easier to recycle. Crimp sealing also ranks high,
as it uses no heat or adhesives and generates minimal waste,
but is limited to flexible packaging. Both methods are
preferable over heat-based or adhesive-based techniques,
which consume more energy and complicate recycling.

5.4 Minimal and Clear Labeling

Minimal and clear labeling is essential for the effective
disposal and recycling of split-layer packaging. Labels
should be concise and informative, providing essential
information such as material types, separation instructions,
and disposal methods. To further reduce environmental
impact, manufacturers can eliminate the need for additional
label materials by using embossed or laser printing directly
on the packaging. This approach not only minimizes the
use of labels and ensures they are easy to understand,
even for consumers with limited knowledge of recycling
practices, but also avoids adding unnecessary materials that
could complicate the recycling process. Clear and minimal
labeling, combined with techniques like embossing or
laser printing, thus enhances consumer understanding
and promotes efficient recycling, supporting the overall
sustainability of split-layer packaging***"".

6 CASE STUDIES

Several case studies illustrate the potential benefits of
split-layer packaging. These examples demonstrate how
split-layer packaging can improve recycling rates, reduce
landfill dependence, and contribute to climate action.

6.1 Case Study 1: Food Packaging

A major food packaging company implemented split-
layer packaging for its products, which also provided clear
labeling and disposal instructions, improving consumer
compliance with recycling guidelines. The implementation
of split-layer packaging in this case study resulted in a
significant increase in recycling rates, with over 70% of
the packaging materials being successfully recycled. The
use of easily separable layers allowed for efficient sorting
and processing, reducing the overall environmental impact
of the packaging. Additionally, the company reported cost
savings from reduced material complexity and improved
consumer satisfaction with clear disposal instructions'**"".

6.2 Case Study 2: Enhancing Recyclability through
Innovative Cosmetics Packaging

The cosmetics industry faces the challenge of developing
sustainable packaging that protects product integrity
and minimizes environmental impact. One innovative
approach gaining traction is split-layer packaging, which
design improves recyclability, reduces environmental
footprint, saves costs by simplifying material complexity,
and enhances consumer satisfaction with clear disposal

@’ Innovation Forever Publishing Group Limited
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instructions***”. In this case study, split-layer packaging
increased recycling rates by 50%, with consumers finding
it easier to separate and recycle materials. The success of
this initiative also bolstered the company's reputation for
sustainability. Sustainable packaging designs in the industry
can be categorized into circular design for technical
cycles, circular design for biological cycles, and linear
reduction strategies™. For example, Unilever's compressed
deodorants use 25% less packaging material, demonstrating
the potential of linear reduction*”. The industry is also
exploring renewable and biodegradable materials to
enhance sustainability***”.

6.3 Case Study 3: Beverage Packaging

A beverage company introduced split-layer packaging
for its bottled products, featuring an inner plastic bottle
and an outer cardboard sleeve. This design may result in a
60% reduction in the company's packaging waste sent to
landfills. The easily separable design facilitated efficient
recycling of both the plastic bottle and the cardboard sleeve.
Additionally, the company received positive feedback from
consumers who appreciated the clear disposal instructions
and the environmentally friendly design of the packaging.
Furthermore, Coca-Cola introduced PlantBottle™ packaging,
a fully recyclable plastic bottle partially made from plant-
based materials, to promote the use of renewable resources™.

7 TREND AND SUPPORT FOR MORE SUSTAINABLE
PACKAGING AND RECYCLING
7.1 Sustainable Materials in Packaging

The use of sustainable materials in packaging is a
growing trend aimed at reducing environmental impact.
Biodegradable and compostable materials, such as plant-
based plastics, are gaining popularity as alternatives to
traditional plastics. These materials can break down more
easily in the environment, reducing the accumulation of
plastic waste. The integration of sustainable materials into
split-layer packaging can further enhance its environmental
benefits, making it a more attractive option for consumers

and manufacturers alike"".

7.2 Regulatory Frameworks and Policies

Government regulations and policies play a crucial role
in promoting sustainable packaging practices. Initiatives
such as Extended Producer Responsibility (EPR) require
manufacturers to take responsibility for the entire lifecycle
of their products, including disposal and recycling. These
policies encourage companies to adopt more sustainable
packaging solutions, such as split-layer packaging, to
reduce waste and improve recycling rates. Additionally,
regulations on single-use plastics are prompting businesses
to explore innovative packaging alternatives that align with
sustainability goals. In Europe there is plastic tax over un-
recycled plastic starting from January 2021 as well as the
New Circular Economy Action Plan requires all plastic
packaging in EU market should be reusable or recyclable by
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2023. This regulatory landscape creates both opportunities
and challenges for the widespread adoption of split-layer
packaging across various industries””

7.3 Consumer Behavior and Awareness

Consumer behavior significantly influences the success
of sustainable packaging initiatives. Increasing awareness of
environmental issues and the impact of plastic waste on the
planet has led to a demand for more sustainable packaging
options. Educating consumers about the benefits of split-
layer packaging and providing clear disposal instructions
can enhance participation in recycling programs.
Understanding consumer preferences and behaviors is
essential for companies aiming to implement effective
sustainable packaging strategies' ",

7.4 Technological Innovations in Recycling
Advancements in recycling technologies are critical for
improving the efficiency and effectiveness of recycling
processes. Innovations such as automated sorting systems,
Al-driven waste management solutions”, and chemical
recycling technologies are transforming the recycling
landscape. These technologies can enhance the sorting
and processing of split-layer packaging materials, further
improving recycling rates and reducing environmental
impact. Investing in research and development for new
recycling technologies is essential for addressing the

challenges posed by multilayer packaging waste™".

7.5 Future Prospects and Industry Trends

The future of sustainable packaging is being shaped
by innovations in materials and technology which further
driven by government policies promoting the EPR".
Biodegradable and compostable materials , along with
smart packaging technologies (such as RFID tags and QR
codes), can enhance the functionality and sustainability of
split-layer packaging”™".

8 CONCLUSIONS

Split-layer packaging presents a promising alternative to
traditional multilayer packaging by simplifying recycling,
reducing costs, and lowering emissions. To foster its
adoption, industry collaboration and standardization are
essential, along with innovative designs and clear labeling.

Challenges in Scaling Up: However, the transition to
split-layer packaging faces challenges, including the need
for industry-specific adaptations, potential increased costs
for manufacturers, and the necessity for new recycling
infrastructure. Different industries may require tailored
solutions to meet specific regulatory standards and
consumer expectations, which could slow the broader
adoption of this packaging solution.

Alignment with Sustainability Goals: Split-layer packaging

aligns with global sustainability goals by contributing to waste
reduction, enhancing recycling efforts, and supporting circular
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economy initiatives. By facilitating the recycling of materials
and reducing reliance on single-use plastics, split-layer
packaging can play a critical role in meeting international
environmental targets.

Supportive legislation, economic incentives, investment
in research, improved recycling infrastructure, and effective
monitoring are also necessary. Engaging all stakeholders
will ensure the successful implementation of split-layer
packaging, leading to sustainable solutions and a climate-
friendly future.
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