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Abstract: Fast-moving consumer goods (FMCG) often use multilayer packaging (MLP), which consists of 

composites made up of separate layers of material. Even though a million tonnes of MLP are created annually, 

most package trash needs to be separated and recycled using the existing infrastructure, which is 

predominantly dependent on mechanical recycling. However, confronting circular economy principles, this 

review will foresee the challenges, opportunities, and future scenarios of multilayer packaging recycling. 

Challenges were identified: material complexity and compatibility, sorting separation technologies, 

contamination and residue management, lack of standardization and technology, loss of material properties, 

and cost considerations. Opportunities were identified: design for recyclability, enhanced sorting and 

separation techniques, and advanced recycling technologies. The future scenario of recycling technologies for 

MLP in upcoming years was identified, which includes (i) reprocessing to hydrocarbon, (ii) high-performance 

recycling, (iii) downcycling, and (iv) business as usual. The short-term opportunities for MLP's efficient 

recycling represent the recognized gap between recycling technologies and targets. 

Keywords: Multilayer packaging; recycling; enhanced sorting; advance recycling; future foresight 

 

1. Introduction 

Since plastic was introduced into the global market in the 20th century, it has gained a positive 

response and dominated over other materials (Williams & Rangel, 2022). Their great functional value 

stems from their superior physical, mechanical, and thermal qualities; nonetheless, their non-

biodegradable nature undermines their utility in environmental sustainability (Ncube et al., 2019). 

Plastic is mainly produced from fossil fuels, which are non-renewable sources and negatively impact 

the environmental ecosystem (Geyer et al., 2017). In particular, plastic packaging is well recognized 

as a contributor to the worldwide concern of plastic waste, its associated adverse environmental 

consequences, and global warming (Kumar et al., 2021). Solving these problems will need 

widespread implementation of cutting-edge recycling technology and enhanced methods for 

recycling plastic packaging. The introduction of recycled material in the production chain can reduce 

plastic waste (Da Cruz et al., 2014). As plastic production is increasing yearly since its introduction 

into everyday life products, there is a vital concern about the environmental challenges of these 

materials throughout their life cycle. Special attention must be paid to the plastic used in packaging 

(Da Cruz et al., 2012). In 2018, the world produced more than 100 million tonnes of multilayer plastic 

packaging; by 2025, this will rise to 140 million tonnes (Walker et al., 2020). Plastic packaging will 

account for nearly 40 million tonnes of trash, and it is projected that by 2025, this will increase to 50 

million tonnes (Ellen McArthur Foundation, 2020). In India, plastic waste generates around 3.5 

million tons yearly due to increased packaging material consumption, and it is projected to grow 

from 5% to 7% annually (Bhattacharya et al., 2018). This results in waste plastic being dumped or 

burned. Multilayer packaging, including flexible and rigid, accounts for 59% of India's plastics output 
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(OECD, 2019). Only 9% of plastic trash worldwide gets recycled, while 91% is sent to landfills, 

incinerators, and uncontrolled dumps (Geyer et al., 2017). In India, 13% of plastic waste is recycled, 

with 4% incinerated, 36% in landfills, and 46% in open dumpsites (CPCB, 2020). 

Packaging has emerged as the most prominent plastic consumer, accounting for approximately 

42% of total plastic production (Mutha et al., 2006). Plastic is a remarkable material with many uses, 

but it also causes environmental issues (Thompson et al., 2009). Barrier properties in opposition to 

oxygen, water vapor, light, CO2, and organoleptic properties allow for an extensive shelf-life, thus 

the present form of the food industry, and diminished food losses (Bishop & Mount, 2016). This 

necessity makes packaging necessary for scalability, strength, machinability (rigidity, softening, heat 

resistance, slip, and pliability), advancement, and useability (Sangroniz et al., 2019). In multilayer 

packaging, polymeric and non-polymeric materials, functioning as paper and aluminum, are mixed 

to form the various layers (Anukiruthika et al., 2020; Tartakowski, 2010); it allows for customized 

functional properties using multi-materials rather than single-layer packaging (John Dixon, 2011). 

Existing film structures may benefit from multilayers because of their ability to lower costs by, for 

example, substituting less expensive polymers, decreasing film thickness, or using recycled materials 

(Butler & Morris, 2016). Another benefit of layer stacking is the ability to do what would be impossible in 

a single layer alone (Butler & Morris, 2016). According to Dahlbo et al. (2018), multilayer packaging 

accounts for around 17 % to 20 % of plastic packaging. This packaging is becoming more common in 

packaging cosmetics, food, prescriptions, medicines, and electronics (Anukiruthika et al., 2020).  

The packaging industry has an increasing market growth, especially flexible packaging, which 

makes up 52% of India's usage, as shown in Figure 1, followed by rigid packaging. The food sector 

leads in using flexible packaging, with 68% in 2019. This shows the rising trends in critical packaging 

materials from 2019 to 2024 (Porta et al., 2019). Films made of plastic are crucial for the manufacture 

of multilayer packaging. These films may be made of polypropylene (PP), polyethylene (PE), 

polystyrene (PS), polyvinyl chloride (PVC), polyethylene terephthalate (PET), polyamide (PA), 

polycarbonate (PC), or metalized plastic (Wang et al., 2022). The global demands for product safety, 

quality, and convenience have driven the evolution of the packaging industry (Majidet al., 2018). 

Multilayer plastic packaging raises a lot of various environmental impacts on the ecosystem (Pauer 

et al., 2020). Due to the non-biodegradable nature of plastic packaging, virgin plastic must be reduced 

(Hopewellet al., 2009). Raising the recycling rate of multilayer plastic packaging is one practical 

answer to this problem; yet, the complexity of this kind of packaging might hinder its recyclability 

and add to worries about the sustainability of current packaging regulations (Soares et al., 2021). 

Consequently, efforts are underway to develop more innovative and advanced recycling 

technologies to resolve the problem (Ragauskas et al., 2021). 

 

Figure 1. Distribution of Plastic Consumption across Various Sectors in India. Adapted from 

(Plastindia Foundation Report “Plastics Industry Status” India, 2022). 
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This review paper presents the recycling of multilayer plastic packaging, its challenges, 

opportunities, and future scenarios in upcoming years. It discusses the detailed solutions for 

increasing the circularity of plastics and the potential advancements that need to be used to recycle 

multilayer plastic packaging. It also summarizes the current scenario of plastic packaging use, waste 

generated, and associated environmental impacts on the ecosystem. It then discusses the 

conventional available recycling technologies for managing mixed plastic waste. The article discusses 

multilayer packaging: structure, composition, types, standard production methods, and their 

functional benefits. It then discusses the numerous aspects, policies, and regulations related to 

developing a growing multilayer plastic packaging recycling sector, including separation, recycling, 

and collecting plastic packaging. 

2. Multilayer Packaging 

Multilayer packaging contains polymeric layers and inorganic layers, such as aluminum 

coatings (Schmidt et al., 2021), makeup multilayer packaging (MLP), which may be flexible or semi-

rigid (Dziadowiec et al., 2022). Each of the MLP's levels serves a crucial purpose (Eemeli Hasanen, 

2016), and the MLP may have anything from two to twenty-four layers (Langhe & Ponting, 2016). 

The functions desired, the layers used, and the materials utilized to attain those desires (Pettersen et 

al., 2020). The innermost layer serves as a sealing layer by directly touching the packaged items or 

materials (Barry A & Morris, 2016). A polyolefin-type inner layer, for instance, would be an 

appropriate way to prevent migration and provide an interaction barrier (Butler & Morris, 2016). The 

specific substances are generally used to conserve the freshness or organoleptic properties to prevent 

the packaging material's liquid and gaseous exchange permeability (Ibrahim Garba, 2023). The 

thickness of the film can be increased, or proper barrier layers may help prevent microbiological 

spoilage, avoid oxidation, gain or loss of moisture, loss of flavor and fragrance, or enhancement of 

unpleasant outside odors (John Dixon, 2011). To conserve the product quality from light, the light 

barrier helps, such as inorganic substances like aluminum deposition on a polymer layer or polymer 

layer filled with TiO2 (Anukiruthika et al., 2020). 

Multilayer packaging structure and materials are crucial parameters to define packaging in the 

modern world, offering sophisticated product packaging solutions to tackle distinct requirements of 

protection, preservation, and convenience of different products or goods (Mario Scetar, 2021). The 

multiple layers used in this packaging system to enhance the overall packaging performance and the 

ability to combine the distinct materials, each having specific functional characteristics to the 

structure, made the core of multilayer packaging efficiency. The different materials used include 

polymeric materials, paper, metal films like aluminum, and a coating of specific materials 

(Sukhareva, & Yakovlev, 2012). Additionally, multilayer packaging is often used for perishable items 

or foods with a shorter shelf life since it can better maintain the integrity of the product (Agarwal et 

al., 2023). Multilayer packaging is one of the effective ways to keep a product safe during rigorous 

storage and handling (Almasi et al., 2020). The general multilayer flexible packaging consists of three 

distinct layer structures (Schmidt et al., 2022), each material having specific functional properties, as 

shown in Table 1 to enhance the performance of the package, as mentioned below. 
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Table 1. A typical layer of multilayer flexible packaging and their functions and commonly used 

materials. Adapted from (Schmidt et al., 2022). 

Layer 
Protection Layer 

(Outermost layer) 

Barrier Layer  

(Middle layer) 

Seal Layer (Innermost 

layer) 

Functions 

Provides printing 

surface and mechanical 

performance 

Resistance against: 

Moisture 

Oil/grease 

Water vapor 

Aroma/flavor 

 

Oxygen 

 

Light 

Heat sealability (low 

melting temperature), 

inert against filling goods 

Materials PE or PET 

PE (LD, LLD); (O)PP, EVA, 

PVDC, PET 

PET, HDPE, PA, EVOH, PVDC 

PP, HDPE, PELD, PVDC 

PET, PA, EVOH, PVDC 

EVOH (standard), PA or PET 

(below standard), Aluminium 

(exceeding standard), PVDC, 

(biaxially oriented) PA, 

(oriented) PET, SiOx, or Al2O3 

coting 

Aluminium, TiO2-filled 

polymers 

PE (LLD, LD), EVA, 

(O)PP, (O)PA, (O)PET 

2.1. Types of Multilayer Packaging and Production Methods 

2.1.1. Types of Multilayer Packaging  

1. Flexible multilayer packaging: It is manufactured using thin films of polymeric or other 

materials like metal or paper by lamination or coextrusion (Niaounakis, 2015). It is widely used 

in the food, cosmetics, and pharmaceutical industries. Each layer gives specific functional barrier 

properties to the package (Scetar, 2021). This distinct material is combined to protect from 

moisture, gases, odors, and light. It is highly versatile and can be made in various forms like 

pouches, wraps, sachets, and bags (Charles & Eldridge, 2016). 

Applications: Food packaging (snacks, confectionery), pharmaceutical packaging, cosmetics 

(shampoo, hair oil), etc. 

2. Semi-rigid multilayer packaging: It is manufactured using a mixture of thin, flexible film and 

thick, rigid polymeric or other materials like metalized film by lamination or coextrusion (Saha 

& Ghosh, 2022). Each layer gives the specific function excellent barrier properties against 

external factors. 

Applications: Collapsible tubes and containers for personal care products, etc. 

Multilayer packaging combines distinct materials, provides excellent barrier properties, and 

offers different aging solutions (Gartner et al., 2015). Therefore, the packaging is used in various 

sectors, as shown in Figure 2, across the FMCG industries, such as food, pharmaceutical, personal 

care, and others. 
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Figure 2. Sector-wise break-up of the Indian packaging industry. Adapted from (Center for Market 

Research & Social Development Report, 2020). 

2.1.2. Production Methods 

a. Co-extrusion: The coextrusion method entails melting and fusing two or more polymeric materials 

previously existing as pallets or grains (Ajitha et al., 2016). The polymeric soften flows are then 

connected, and the resultant multi-layered extrusion is cooled (Messin et al., 2017). Multilayer films 

often employ coextrusion processes (Anukiruthika et al., 2020), such as flat die extrusion/cast 

extrusion, blow extrusion, and sheet extrusion, to name a few examples of these processes 

b. Lamination: In the lamination process, distinct material layers are bound together by adhesive 

or heat. It may involve the multiple layers pre-produced by extrusion or coating having specific 

barrier properties. The material includes polymeric films, metallic foil, and paper (Morris, 2016; 

Wagner, 2016). Many alternative methods may be used to create the lamination, including 

adhesive lamination, extrusion lamination, hot melt lamination, and wax lamination. 

c. Coating: This technique is very similar to extrusion lamination; however, unlike extrusion 

lamination, there is no secondary web involved, and the resulting film consists of just two layers 

(Wang et al., 2022). There are different coating techniques to prepare the multilayer film 

(Vartiainen et al., 2014). Some are commonly used as aqueous dispersion, solvent-based, 

vacuum, and hot melt coating. 

Barrier properties, mechanical strength, aesthetic appeal, and cost-effectiveness are just a few 

areas where these techniques may be integrated and adapted to fulfill the needs of multi-material, 

multilayer packaging (Fabra et al., 2014). The method is selected depending on the desired specific 

properties in the packaging structure (Anukiruthika et al., 2020). 

2.3. Functional Benefits of Multilayer Packaging 

The multilayer packaging is a testament to the innovative strides made in packaging technology 

(Pascall et al., 2022). Multilayer packaging has revolutionized industries such as food, 

pharmaceuticals, and cosmetics by leveraging its ability to provide different functional property and 

their benefits (Marsh & Bugusu, 2007), as shown in Table 2. Its versatile nature renders it an 

indispensable tool for ensuring diverse products' longevity, quality, and safety in an ever-evolving 

market landscape. 
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Table 2. Different functions of multilayer packaging and their benefits (John Dixon, 2011). 

BENEFITS FUNCTION 

BARRIER PROTECTION 
Exceptional barrier properties, safeguarding packaged against 

external factors such as moisture, gases, light, and odors. 

EXTENSION OF SHELF LIFE 
Maintaining a controlled internal environment curbs the 

degradation process. 

PRESERVATION OF FRESHNESS 
Culminating in optimal conditions impedes the ingress or egress 

of moisture and oxygen. 

ENHANCEMENT PRODUCT SAFETY 
To ensure the maintenance of sterility, preventing exposure to 

harmful external elements. 

CUSTOMIZABLE PROPERTIES 
It allows fine-tuned material with specific properties, ranging 

from strength and flexibility to transparency and printability. 

This shows that multilayer packaging is an essential part of the packaging of perishable products 

to make them convenient and safe (Anukiruthika et al., 2020). 

3. Challenges in Multilayer Packaging Recycling  

3.1. Material Complexity and Compatibility 

Multilayer packaging is manufactured by using distinct polymeric or other materials 

(Tartakowski, 2010). The different materials have particular properties like temperature and 

decomposition temperatures (Selke et al., 2004). Most of the material used in MLP is an incompatible 

structure (Massey, 2003), with significant differences in the specific boiling point (Dixon, 2011). This 

makes it “difficult to recycle” or separate these efficiently (Jönkkäri et al., 2020). For example, a 

combination of plastic and aluminum film may require specialized technologies for separation and 

recovery (Kaiser et al., 2018). However, if the materials are compatible (Schmidt et al., 2022), which 

means having a nearly similar property specific to melting point temperature, i.e., fully miscible, then 

it is possible to direct regranulation is possible. 

3.2. Sorting and Separation Technologies 

Insufficient sorting of MLP from plastic waste creates enormous difficulties in recycling them 

(Lange, 2021). Because the conventional recycling processes cannot manage the multilayer packaging 

(Garcia et al., 2017), it needs to be separated from the mono-material plastics to recycled it (Cimpan et al., 

2015). It requires highly efficient sorting and separation techniques to produce high-quality recycled 

products (Chen et al., 2021), but these techniques may be energy-intensive, costly, and complex. 

3.3. Contamination and Residue Management 

The different contaminates from the waste stream and non-polymeric materials can make 

recycling difficult due to insufficient removal or washing of the waste stream (Horodytska et al., 

2018). The primary contaminants are food residue, adhesives, ink, oil or wax, and others present in 

MLP, which can complicate recycling (Hahladakis & Iacovidou, 2019). These also may impact the 

quality of the recyclates and recycled products (Tonini et al., 2022). The chemicals, e.g., oligomers, 

additives, and their sub-products, have subsequently been reported on the recycled plastic granules 

(Arulrajah et al., 2017). To reduce the contaminants, highly efficient separation technologies are 

required (Jehanno et al., 2022); it also depends upon many factors, including the recycling process 

and production. 

3.4. Lack of Standardization and Technology 

The complexity of the multilayer packaging structure makes it challenging to recycle 

(Shamsuyeva et al., 2021), and the design of the MLP package plays a significant role in determining 

the recyclability of packaging (Bauer et al., 2021). Multilayer packaging manufacturers need to 

consider their end-of-life fate during the design of their products, especially multilayer flexible 
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packaging (Guerritore et al., 2022). Conventional recycling technologies are insufficient to recycle 

multilayer packaging waste efficiently with high-quality recycling so it can be used in high-grade 

products (Mulakkal et al., 2021). Some industrial chemical and mechanical recycling technologies 

include chem-lysis, gasification, and compatibilization (Ragaert et al., 2017). However, these 

technologies also have many limitations regarding recycling rates, gas emissions, high energy 

consumption, and high cost. 

3.5. Loss of Material Properties 

The recycling process for multilayer packaging often results in losing some original material 

properties (Schyns et al., 2021). This prohibits the potential applications of recycled materials. The 

recycled materials cannot be used in the same-level products that we have used in low-grade 

products (Tonini et al., 2022). In the recycling process, if the multi-composite materials were mixed 

without first separating the layers (Yang et al.,2011), it has been shown that most blends feature 

inadequate mechanical qualities. When dealing with immiscible mixes, things become more 

complicated since the interlayers have different characteristics (Roosen et al., 2020). As a result, when 

it comes to producing heterogeneous polymeric blends, several distinct unit procedures must be 

carried out to include chemical molecules that exhibit interfacial activity to improve compatibility 

and render the combinations miscible (Kaiser et al., 2018). 

3.6. Economic and Cost Considerations 

The complexities of recycling multilayer flexible packaging require several processes (Picuno et 

al., 2021). Also, it can increase the cost of the recycling operation (Lin et al., 2023). If the price of 

recycling is at most the value of the recycled materials, it becomes economically challenging to 

implement effective recycling solutions (Söderholm et al., 2020). The recycled granules also do not 

have the efficient quality to use in high-grad products to become financially viable to the industries 

(Anukiruthika et al., 2020).  

Addressing the multilayer packaging recycling challenges requires a versatile and multifaced 

approach, like collaborating with various organizations and research to introduce innovative 

solutions to all of these challenges and a sustainable solution for multilayer flexible packaging 

recycling. Moreover, collected household MLP is often found contaminated and has a high moisture 

content, and they are mixed with organic waste, making the recovery and recycling of MLP a 

challenge. Fully automated MSW sorting units are required to extract recyclable flexible plastic waste 

fractions from other materials, including metal, plastic, paper, glass, wood, and biological particles. 

4. Conventional Recycling Technologies for Multilayer Packaging 

Recycling multilayer packaging from many materials is more complicated than recycling 

monolayer sheets (Walker et al., 2020). Mechanical and chemical recycling processes, among others, 

have been investigated in recent years (Maris et al., 2018; Rahimi & Garciá, 2017; Schyns & Shaver, 

2021). Since recycling results in complicated mixes, chemicals are often added to improve the blend's 

cohesiveness by binding the various polymers back (Titone et al., 2022). The summary of the current 

recycling of multilayer packaging is shown in Figure 3. It describes the multilayer packaging mainly 

recycled in two ways (Kaiser et al., 2018). The first is to recycle the multilayer packaging by separating 

the distinct layers individually and then recycling that layer. The second is to recycle the multilayer 

packaging together with different multi-material layers. The process includes a series of phases, 

including adding compatibilizing chemicals (Lahtela et al.,2020). Waste from industry may be 

recycled by compatibilization since its composition is excellent (Cabrera et al., 2022).  
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Figure 3. Recycling methods of multilayer packaging. Adapted from (Kaiser et al., 2018). 

4.1. Mechanical Recycling 

The ultimate prevalent process of recycling used for numerous plastic wastes (Post-industrial 

and post-consumer) is mechanical recycling (Martín et al., 2022), in which the polymer structure is 

maintained by various mechanical processes such as shredding, cleaning, extrusion, etc. The multi-

material contaminates in recyclates produced by mechanical recycling procedures are only suitable 

for low-grade product materials (Akhras et al., 2022). On the other hand, granules made from 

recycled materials may serve as an inferior raw material with poor mechanical qualities in the 

manufacturing of high-value items (Muñoz Meneses et al., 2022). Products from single plastic-type 

and multi-material trash are often input waste and are typically polluted vaguely by oil wax, food 

residues, and inks (Kibria et al., 2023). Plastic is cleaned, shredded, melted, and re-granulated as part 

of the recycling technique, consisting of plastic waste transformation through several physical 

processes (Serranti et al., 2019). Before re-granulation, decontamination may be accomplished using 

several methods (Horodytska et al., 2018). The Figure 4 illustrates the various steps involved in 

mechanical recycling. 

Separation and sorting: Based on shape, density, color, or chemical composition. 

Baling: For ease of handling, storage, and transport, the plastic waste is fed into a baler and 

compressed into bales. 

Washing and drying: Elimination of various contaminants. 

Shredding: Size reduction of the product flakes. 

Regranulation/Palletization: Reprocessing of the flakes into pallets or granulates. 

 

Figure 4. Flow chart depicting mechanical recycling of multilayer packaging. Adapted from (Cabrera 

et al., 2022). 
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Depending on the requirement or plastic type, the previous mechanical steps like washing, 

shredding, separation, and extrusion may applied in between the various processes (Serranti et al., 

2019). Whenever used for less demanding applications (Muñoz Meneses et al., 2022), such as garbage 

bags, furniture, buckets, etc., sorting is required because the post-consumer waste stream is more polluted 

with other residues, such as additives, inks, and incompatible polymers (Hopewell et al., 2009). These 

residues significantly hinder the recycling and reprocessing procedure (Davidson et al., 2021). 

4.2. Chemical Recycling 

Recycled polymers, monomers, and hydrocarbon feedstocks, such as high-quality polymers, 

may be made from the plastic trash that is the raw material in this process (Chanda et al., 2021). 

Different procedures have developed to varying degrees and may all be considered chemical 

recycling (Nordahl et al., 2023). Plastic trash has excellent potential as a source for the manufacture 

of energy sources and chemicals (Evode et al., 2021). The goal is to make high-quality recyclates, 

monomers, and petrochemical feedstock (Ragaert et al., 2017). Gasification or partial oxidation, 

hydrogen technologies, pyrolysis, depolymerization, and fluid catalytic cracking are some of the 

most frequently used processes in chemical recycling (Kaminsky et al., 2021; Davidson et al., 2021; 

Shah et al., 2022; Kirillet al., 2023). All the processes are ideal for recycling plastic waste and protecting 

the environment by reducing non-biodegradable waste (Biessey et al., 2023). The most common 

pyrolysis technique is used for polyolefins (Alejandra et al., 2022), but the products obtained from 

them are gases and liquids, requiring a high recycling cost (Abdy et al., 2022). However, due to the 

increased separation expense, recycled materials are instead burned as fuel (Dijkgraaf et al., 2020). 

The benefits and drawbacks of the most widely used chemical recycling methods that have prompted 

the development of more advanced alternatives are described in Table 3 (Cabrera et al., 2022). 

Table 3. Summary of some chemical recycling techniques for plastic waste, incorporating their 

specifications. Adapted from (Ragaert et al., 2017). 

Techniques Chemolysis Hydrocracking Gasification 
Fluid Catalytic 

cracking 
Pyrolysis 

Specifications 

To be cost-

effective requires 

high volumes 

High operational 

cost Presence of 

inorganics High cost 

of Hydrogen 

Generation of 

noxious NOx 

Absence of 

suitable reactor 

technology 

Complexity of 

reactions 

It is crucial to remember that most chemical and plastic waste recycling techniques are still in 

their infancy, are not commercialized, and are pretty expensive (De Sousa et al., 2021). According to 

the Facts 2020 Report, chemical recycling processes are already used in Germany (0.2%) and Italy 

(0.1%) for a small portion of plastic recycling (Plastics Europe, 2020). Despite all this, they offer a great 

deal of future for valorizing dirty and diversified plastic waste, in which case the sorting and split-

up may be more technically and economically viable. Therefore, major polymer manufacturers are 

predicted to spend €7.2 billion by 2030, as Plastic Europe indicates. 

5. Opportunities for Advancing Multilayer Packaging Recycling 

5.1. Design for Recyclability 

Improving the recyclability of multilayer packaging films usually involves improving the 

package recycling efficiency, which presents a problem (Seier et al., 2023). Various solutions 

introduced to the market have been refined to promote efficiency and security for goods (Hagelüken 

et al., 2022). Thicker films are anticipated to be necessary to lessen the complexity of these multilayer 

packaging films (Recoup, 2021). This goes against the goals and circular economy, and it needs to 

reduce the environmental impacts and consumption. Multilayer flexible packaging by weight is 10% 

of the total package (Tartakowski et al., 2010). Although the percentage may not appear significant, 

at least 40% of food items are packaged flexibly (Marsh & Bugusu, 2007). This demonstrates the 
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importance of implementing the suggested changes and reviews. Their similarity facilitates the 

incorporation of package manufacturers' recommendations for assessment and redesign across the 

board (Bauer et al., 2021). 

5.1.1. Mono-Material and Compatible Structure 

Several established techniques are for lowering material variability to primarily polyolefin 

material, such as tolerances for ethylene–vinyl alcohol (EVOH), metalized aluminum layers, and 

coatings (Packaging SA, 2017). A theoretical basis for printed redesign choices is that polyolefins 

show the most excellent degrees of compatibility with other polyolefins (Bauer et al., 2021). 

Additionally, it is viable to mix diverse post-consumer polyolefin classes in precise amounts; 

nevertheless, this produces recycled material granules of subpar quality (Sara et al., 2016). 

Recyclability is improved using a mono-material approach, which is what polyolefins should do to 

roughly 90% (Carullo et al., 2023). Traditional mechanical recycling techniques do not accept 

mixtures of polyolefins with other polymer types or multi-materials like PET or PA (Meneses et al., 

2022). With the current recycling infrastructure in Asia (Ng et al., 2023), the difficulty in sorting 

multilayer packaging (Hopewell et al., 2009), and the incompatibility of most polymeric materials 

with traditional mechanical recycling methods (Maris et al., 2017), these measures to find a recycling 

solution appear significant. 

The following material combinations have been identified as potentially improving barrier 

characteristics during multilayer substitution. 

1) Mono-polyolefins with EVOH 

2) Mon-polyolefins with AlOx or SiOx 

3) Mono-polyolefins metalized 

From a recycling perspective, unpigmented/transparent mono-polyolefin material is the best 

flexible packaging choice. Table 4 shows the compatible pair of polymeric materials to make 

sustainable multilayer flexible packaging. 

Table 4. Different polymeric structure compatibility is used in multilayer packaging. Modified after 

the work in (Kaiser et al., 2018). 

Sr. No. Compatible Structure Incompatible Structure 

1. PE-PP PE-Al foil 

2. PET-Al foil PET-PVC 

3. PVC-PEN PVC-PP 

4. EVOH- Polyurethanes, Nylons EVOH-PP, PE 

5.1.2. Minimization of Barrier Layer 

Product sustainability is further tied to the trade-offs introduced by design for recycling about 

the replacement of certain material qualities, barrier requirements, and affiliated shelf-life 

(Briassoulis et al., 2017). The layers of metallization or EVOH layer are reduced to prevent quality 

harm in secondary material qualities due to the push to produce new and unique recyclable material 

for barriers, primarily against oxygen and light (Wu et al., 2021). However, any changes made to 

multilayer flexible packaging must not compromise product security or shorten its shelf life due to 

variables such as moisture or air (Marangoni et al., 2019). For instance, several types of candy are 

susceptible to air and water, which causes them to get stale and lose their crunchiness (R. et al., 2010). 

Table 5. The following combinations of various polymeric materials to know about adhesion between 

them. Adapted from (Butler & Morris, 2016). 

Polymer HDPE PP PS PA EVOH PVDC 

LDPE Good ------ ------ ------ ------ ------ 

LLDPE Good Good ------ ------ ------ ------ 

EVA Good Good Good ------ ------ Good 

PE-g-Mah Good ------ ------ Good Good ------ 
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So, extensive study is required to create recyclable barriers to replace EVOH and other polymers 

like PA and PVDC (Pauer et al., 2020). As in the case of semi-rigid PP packaging, the percentage of 

EVOH is limited, making it a recyclable packaging solution (Soares et al., 2021). The range of available 

options for oxygen and gas barrier properties is limited with AlOx and SiOx (Parhi et al., 2020). These 

coatings are generally suitable for aseptic packaging, which is necessary in the food sector for 

preservation, protection, and product convenience (Butler & Morris, 2016). 

5.2. Enhanced Sorting and Separation Techniques 

The various advanced separation and sorting approaches are discussed for efficiently recycling 

complex materials, particularly multilayer plastic packaging (Butler & Morris, 2016; Gundupalli et 

al., 2017). To reduce the adverse environmental effects of plastic waste, these cutting-edge methods 

may recycle more multilayer plastic packaging faster than traditional methods (Kaiser et al., 2018). 

The following are the primary techniques: (a) sensor-based and optical sorting and (b) artificial 

intelligence and machine learning, used for efficient sorting separation of the multilayer plastic 

packaging waste from the plastic waste to enhance recycling (Jean et al., 2021). 

5.2.1. Sensor-Based and Optical Sorting 

Sensor-based and optical sorting stains will be vital advancements in complex multilayer 

packaging recycling in the coming years (Soares et al., 2021). Sensor-based sorting of multilayer 

polymers using near-infrared (NIR) spectroscopy is a cutting-edge technology because of its 

outstanding efficiency in sorting and throughput (Koinig et al., 2021). NIR spectroscopy provides 

several avenues for obtaining an object's spectral features, providing details about the material's 

composition and condition (Chen et al., 2021). Polymers and other NIR-active materials may be 

classified according to their distinctive spectra (Bassey et al., 2021). Also, the ranges of plastic 

polymers are influenced by surface qualities such as roughness and moisture conditions (Küppers et 

al., 2019). Films in MLP are analyzed by comparing their spectra to determine which polymers are 

present after being separated from the recycling facility's three-dimensional debris (Koinig et al., 

2021). Researchers looked at the ranges of several multilayer samples to see if they could find a way to 

quantitatively and qualitatively determine MLP composition (Chen et al., 2020). Different patterns and 

shapes of consumer plastic packaging trash were then replicated in the sensor unit (Gadaleta et al., 2023), 

along with various material contaminations identified and classified as MLP (Chen et al., 2021). 

 

Figure 5. NIR sensor and optical illumination setup. Adapted from (Chen et al., 2021). 

5.2.2. Machine Learning and Artificial Intelligence 

The algorithms designed by machine learning is performed given assignment based upon the 

previous data and past-set practice examples like learning module (Janiesch et al., 2021). It is efficient 

to read its self-responses based on the driving principles of machine learning through a direct 
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connection (Kroell et al., 2021). To get the authorized possible results of various situations, it needs 

to study the actual case studies during the training of machine code, for example, usually with output 

and input variables. The pattern or work can get the dynamic output extensions for the machine 

learning algorithm designed (Sarker et al., 2021). Machine learning stores the visual characteristics of 

plastic packaging waste, like material type, color, size, and surface properties, to remove the vast 

amount of plastic waste (Janusz et al., 2021). The packaging data can obtain waste collection 

information, such as defining the type of material and the form where the material is gained (Ncube 

et al., 2021). It operates by feeding a sufficient number of various examples to generate functional 

outputs like a learning model driven by an algorithm (Wen et al., 2022). A machine learning algorithm 

also gives sorting output of different distinct objects accurately, durably, and speedily from the bulk 

of plastic waste (Koinig et al., 2024). It can also detect the composition or construction of plastic 

packaging materials by using robots with artificial intelligence (Fang et al., 2023). Multilayer 

packaging recycling is one of the most challenging processes (Walker et al., 2020). However, using 

robots can be done quickly and fully automated with high accuracy for multi-material types of plastic 

packaging waste. Automation (Kroell et al., 2021). Machine learning and intelligence are principal 

areas of innovative technology that support the processes of material recovery facility (MRF)  

5.2.3. Embedded Labeling in Packaging 

Embedded labeling is one of the innovative techniques to improve the traceability of multilayer 

plastic packaging from other plastic waste by using flexible electronic radio-frequency identification 

(RFID) (Majid et al., 2018; Aliaga et al., 2011; Salgado et al., 2021). To facilitate the efficient sorting 

and separation of multilayer plastic trash, the business of pragmatic superconductors is now creating 

ultra-thin and flexible RFID chips that can be embedded into various substrates, including plastic 

and paper layers (Packaging Europe, 2020). In the labeling, a flexible electronic chip is embedded 

directly into the layers of plastic packaging during manufacturing directly onto the plastic packaging 

materials (Nagarajan Palavesam et al., 2018). This is completed using different processing methods, 

including distinct printing types or during material extrusion (Marten et al., 2012). It is increasingly 

popular for multilayer packaging because it makes sorting easier during recycling. Because the MLP 

is made from different material layers, each having specific functional properties. This makes it 

challenging to sort plastic packaging efficiently during recycling, mainly in automated sorting 

techniques (Nemat et al., 2023). The embedded label can make it easier by enabling the tracing of the 

MLP waste from others by reading the unique code of electronic chips. The sorting machine reads 

these codes to sort the multilayer packaging. 

There are some additional benefits of embedded labeling as below: 

These are more durable than traditional labels. 

These can be made to prevent form tampering, counterfeiting 

5.3. Advanced recycling technologies 

Since the recycling industry cannot sift, identify, and separate the different layers with present 

recycling methods (Soares et al., 2021), MLP recycling is a complicated process in general 

(Horodytska et al., 2018). As a result, MLP is often burnt for energy recovery rather than reused, as 

recycling is not seen as a high priority in the circular economy (Kaiser et al., 2018). As a solution to 

recycle the MLP, there are two main advanced methods (Soares et al., 2021). The first is to detach the 

different material layers for further processing of material separately (Kaiser et al., 2018), while the 

other option is to process all of the distinct material layers together (G. Schyns et al., 2020). These 

cutting-edge procedures include successive stages and techniques for recycling MLP, which are 

competent for the eventual deterioration and recycling of complex structures (Taghavi et al., 2021). 
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5.3.1. Selective Dissolution 

Table 6. The following is the list of solvents for specific materials to dissolve the material for 

multilayer packaging recycling. 

Sr. No. Thermoplastic Polymers Solvents Reference 

1. PE Biodiesel, 2-MTHF, Cyclopentyl methyl ether (Samorì et al., 2023) 

2. PP 
Diphenyl ether, N, N-Bis(2-hydroxyethyl) 

tallowamine, α-pinene and D-limonene 

(Ramírez-Martínez et 

al., 2022) 

3. PS Benzene, Toluene, and Ethyl benzene (Umoren et al., 2021) 

4. EVOH 
Isopropanol or ethanol and DMSO/water 

mixture 

(Sánchez-Rivera et al., 

2023) 

5. PET DMSO, N-methyl pyrrolidinone, GVL 
 

(Walker et al., 2020) 

Note: 2-MTHF: 2-methyl tetrahydrofuran; CPME: cyclopentyl methyl ether; DMSO: Dimethyl Sulphoxide; GVL: 

γ-valerolactone. 

It is the solvent-based method in which a specific solvent dissolves the distinct polymeric layer 

in the multilayer plastic packaging (Cecon et al., 2022). The particular solvent targeted the polymeric 

component removed from the multilayer structure and dissolved into the solvent stepwise (Anja 

Mieth, 2016). Dissolving polymeric materials for recycling is essential since most polymeric materials 

come in multilayer plastic packaging made from a particular thermoplastic like PE, PP, PS, PET, or 

PVC (Hadi et al., 2012). The success of this procedure is based on the essential selection of solvents 

(Byrne et al., 2016); there are many commercially available solvents, but only a few will dissolve the 

appropriate material layers in question (Walker et al., 2020). Additionally, it must not alter the other 

material layers in the packaging; they must continue to exist in the solid phase (Zhao et al., 2018). 

To facilitate subsequent recovery, a solvent with a low contamination rate may dissolve a 

multilayer structure's unique substance (Kaiser et al., 2018). In Europe, the Fraunhofer Institute and 

APK AG Company are working on several new recycling methods for multilayer polyolefin 

packaging using selective dissolving techniques (Vollmer et al., 2020). A solvent-based approach was 

shown to be effective for recycling single-use multilayer packaging. In addition to being a practical, 

cutting-edge method of MLP recycling (Walker et al., 2020), it also yields superior recycled products 

compared to virgin materials (Martin et al., 2020). 

5.3.2. Delamination 

A multi-material multilayer contains adhesive for bonding interlayers; consequently, the 

recycling process may include delamination steps (Berkane et al., 2023; Horodytska et al., 2018). 

Zhang et al. (2015) investigated a substrate's delamination from bonding damage in post-consumer 

liquid packaging. The selected solvent Favaro et al. (2013) utilized to delaminate plastic packaging 

made of a PE/Aluminum/PET combination was acetone. Due to the bond's strength, physical 

procedures are often used to separate multilayers (Bamps et al., 2023); shredding and washing may 

separate essential structures (Perick et al., 2016). Even though delamination techniques and patents 

to separate layers were gathered by Kaiser et al. 2018 and Anukiruthika et al. 2020, no industrial-scale 

commercial treatment was identified (Walker et al., 2020). In order to delaminate multilayer plastic 

packaging (MLP) in a low-energy fashion, the German company Saperatec GmbH is developing 

cutting-edge technology (Saperatec, n.d.). The procedure asks for a microemulsion containing a 

surfactant that encourages layer separation after the shredding stage (Vagnoni et al., 2023). By 

reducing the interlayer stresses between the materials, Saperatec claims that the method may cause 

structures built of PE/Aluminum, PP/Aluminum, and PE/PET to delaminate (Ü gdüler et al., 2021). 

Since it does not entirely dissolve the developing polymers, it would represent a new kind of 

separation, as Vollmer et al. (2020) stated. The Australian company ‘PVC Separation’ developed a 

similar technique of multilayer plastic packaging by a similar method to delaminate multilayers by 

swelling the polymer layer with low-boiling point solvent first, followed by inserting it in hot water, 

which causes the solvent to release the necessary polymers (Vollmer et al., 2020). 
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5.3.3. Compatibilization 

Most multilayer packaging is made from various resins, some of which are mechanically 

unstable (Xie & Sui, 2019). Because of the usability of the polymeric blends, some chemicals are used 

to increase the mechanical stability of multilayers of packaging, called the compatibilizer (Ghosh et 

al., 2021), and then further, all the materials are recycled together in a solitary stream without 

segregation (Mostafapoor et al., 2019). This method improves the structure of the immiscible polymer 

blends by adding another chemical component (Ragaert et al., 2017). The compatibilizer chemical is 

selected based on the polymer blend and generally consists of a blocky structure (Ajji, 2003); it 

depends upon the specific packaging materials (Ragaert et al., 2017). The Dow Company applied this 

innovatory compatibilization process for multilayer packaging waste by incorporating 

compatibilizer chemicals (Dow, 2016). "self-recyclable" refers to packaging that may be recycled 

without additional chemicals, such as those used in separate recycling routes (Dow, 2021). Recently, 

(Cabrera et al., 2022) assumed that the mechanical recycling of multilayer packaging could perform 

a new approach as an alternative way to improve recycling methods through eco-design. The work 

described that future recycling is oriented toward polyethylene-based multilayer packaging films 

(Kaiser et al., 2018). This approach aims to improve the output from mechanical recycling of 

multilayer packaging into recycled granules of high quality for subsequent product production. 

5.3.4. Feedstock Recycling 

In this process, the products are obtained as hydrocarbon feedstock like monomers by treating 

difficult-to-recycle plastic packaging waste, and it is also an emerging alternative technology 

(Garforth et al., 2004). It involves several processes: pyrolysis, gasification, hydrocracking, and fluid-

catalytic cracking (Ragaert et al., 2017). In depolymerizing complex plastic waste, such as multilayer 

plastic packaging, the influential technology is pyrolysis (Thiounn & Smith, 2020). Two different 

forms of petroleum feedstock, naphtha or diesel, are created when the polymer molecules 

disintegrate into monomers in the absenteeism of oxygen and elevated temperatures (Ragaert et al., 

2017). This process is most famous for selectively obtained products such as liquids, gases, or waste, 

and mechanical recycling is a new development through selective catalytic thermolysis included in 

chemical recycling (Garcia & Robertson, 2017). Due to its high energy cost, it is not a widespread 

multilayer plastic recycling practice (Garcia & Robertson, 2017). 

However, as technology advances, it may become a viable option for plastics or garbage 

containing elements that are challenging to recycle from an economical and systematic standpoint 

materially, hence opening up new avenues and possibilities (Plastics Europe, 2020). Solis and Silveira 

(2020) evaluated eight mechanisms for their technological readiness level and raw material for 

diverse plastic waste recycling. Pyrolysis, catalytic cracking, and traditional gasification were the 

most advanced processes, while other emerging technologies need much more funding to reach a 

commercial level (Solis & Silveira, 2020). The technology is being developed by companies including 

Unilever, Borealis, BASF, Recycling Technologies, Sabic, Plastics Energy & Neste, and others, who 

are betting on its success as a long-term answer for plastic recycling (Vollmer et al., 2020). 

Nevertheless, it is uncertain how these practices may become cost-effective and environmentally 

advantageous (Ü gdüler et al., 2020). 

6. Environmental Policy and Regulatory Framework 

India is one of the world's largest producers of plastic waste (Aryan et al., 2019). To address this issue, 

the Indian government has implemented various policies and regulations to manage plastic waste (PWM 

Rule, 2021), and one of the essential requirements for plastic waste management in India is the Extended 

producer responsibility (EPR) framework (Hossain et al., 2021). Multilayer plastic packaging is widely 

used in various industries due to its lightweight, low cost, and excellent barrier properties, especially in 

food and beverage packaging (Perera et al., 2022). However, the recycling of multilayer plastic packaging 

poses significant challenges due to the complexity of its composition, which often includes multiple types 
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of plastics and other materials. This policy and regulatory framework aim to address these challenges and 

promote the recycling of multilayer plastic packaging. 

Regulatory Measures 

1. Mandatory Recycling Targets: Industries that produce or use multilayer plastic packaging 

should meet mandatory recycling targets. These targets should be progressively increased to 

encourage continuous improvement. 

2. Extended Producer Responsibility (EPR): Producers of multilayer plastic packaging should be 

responsible for managing the waste generated from their products. This includes financing and 

organizing the collection, sorting, and recycling of their products. 

3. Green Public Procurement: Public institutions should prioritize procuring products packaged 

in recyclable multilayer plastic packaging or alternative environmentally friendly materials. 

4. Research and Development Incentives: Provide tax incentives and grants for companies and 

research institutions that develop new technologies or improve existing technologies for 

recycling multilayer plastic packaging. 

5. Implementation and Monitoring 

6. Regulatory Authority: Establish a regulatory authority to oversee the implementation of this 

policy and regulatory framework. The authority will also monitor compliance and enforce 

penalties for non-compliance. 

7. Reporting Requirements: Industries should regularly report on their progress towards meeting 

the recycling targets. Independent third parties should audit the reports. 

8. Public Awareness Campaigns: Conduct public awareness campaigns to educate consumers about 

the importance of recycling multilayer plastic packaging and how to dispose of it properly. 

This policy and regulatory framework provide a comprehensive approach to promoting the 

recycling of multilayer plastic packaging. It addresses the environmental challenges of multilayer 

plastic packaging waste and encourages innovation and sustainable practices in the industry 

(Meherishi et al., 2019). We can make significant strides towards a more sustainable and circular 

economy by implementing this framework. 

7. Future Scenarios 

7.1. Principal Drivers 

The multilayer plastic packaging future will be significantly influenced by the ability of recycled 

granules material in high-grade packaging (food contact packaging), the ecological quality of the 

recycling process, availability of sorting and collection, recycling capacity, traceability of recycled 

material, costs of recycled material, worth of recycling process, increase of mono-materials, and 

practice of other biodegradable and compostable materials. 

With a focus on two key elements, the vitality of multi-material packaging recycling and multi-

layer plastic packaging is thoroughly investigated. 

a. administrative pressure on recycling 

b. advanced separation and sorting technologies 

The first off was brought on by fresh legislation designed to reduce single-use plastic packaging 

and reform recycling rates. For instance, the EU Plastics Strategy prohibits landfills and incineration 

as alternative disposal methods for plastic packaging by 2030. Instead, it requires that all plastic 

packaging be reused or recycled cost-effectively. Single-use plastics will no longer be permitted in 

Australia as of March 2021 (EPA South Australia). In the following years, legislation limiting 

packaging waste is projected to be introduced in the United Kingdom, several states in the United 

States, and other countries, including India (Roland Berger, 2020). This second main factor was 

motivated by the need for innovative recycling techniques. 
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7.2. Scenarios Matrix 

Potential future scenarios for multi-layer packaging (MLP) recycling are shown as primary 

assumptions in the scenario matrix (Figure 6). According to the methodology defined, each scenario 

is described in detail (Soares et al., 2022). 

 

Figure 6. Scenario matrix for MLP recycling, compelled from recycling regulations and sorting 

technology performance on the axes (x/y). Modified after the work of (Soares et al., 2022). 

Scenario 1: Recycling into hydrocarbons (feedstock) 

Legislators will be compelled to authorize unconventional recycling procedures, such as 

chemical recycling towards hydrocarbons, due to a strict recycling modulation and an inadequacy of 

immense-performance sorting technology (+/-). 

(A) Assumptions: Once the ultimate goods can be used to create plastic and support the circular 

economy, the feedstock recycling streams may be labeled as recycling under the relevant directives 

and laws. 

(B) Data: The feedstock recycling streams will be allowed to be labeled as recycling once the end 

products can be utilized to make plastic and support the circular economy. 

(C) Slow/stop: excess energy utilization, skepticism about environmental advantages, expensive 

initial investment, and untraceable recyclates. 

(D) Qualitative effects: 

Positive: minimizing immense-accuracy sorting logistics and the related costs; addressing 

possible charges connected with not recycling plastics (such as the EU plastic tax). The 

manufactured feedstock has several potential applications, such as stopping plastic waste from 

leaking into the environment and enabling new treatment methods. 

Negative: Reprocessing hydrocarbons into materials requires more energy if the feedstock is 

used to create plastic. There will also be expenditures for implementation, increased logistics, 

and secondary materials. 

(E) Timespan: < 5 years. 

Scenario 2: High-performance recycling 
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A trend in MLP waste management toward immense-performance recycling, in which recycled 

material has a grade comparable to virgin material, is driven by strict recycling legislation and high-

performance sorting technology (+/+). 

(A) Assumptions: Plastic packaging comprising many materials and layers will be easily 

identifiable and separated by modern sorting technology. Laws will favor high-efficiency 

recycling processes. 

(B) Data: Solvent-based high-performance material recycling techniques need precise sorting to 

produce the best polymers. 

(C) Slow/stop: Less money would be spent on sorting and treatment technologies if the market's 

mono-material packaging trash decreased. Closed-loop recycling for these uses is impossible 

due to technological limitations, financial barriers, an underdeveloped market for recycled 

materials, stringent food-contact regulations, and shifting priorities (such as the COVID-19 

epidemic and skepticism over the feasibility of sustainability initiatives in certain countries). 

(D) Qualitative effects:  

Positive: Minimize future expenses connected with plastic recycling (plastic tax on not-

recyclable plastics); reduce the environmental consequences of alternative disposal techniques 

like landfills and incinerators. Increase the quantity of recovered material on the market and 

reduce its price. 

Negative: Due to the high initial cost of the technology, the high cost of recovered materials, and 

the need for improvements to recycling systems (such as improved sorting logistics), it will likely 

be some time before the technology is widely accepted and financially feasible. 

(E) Timespan: 5–10 years. 

Scenario 3: Low-performance recycling (Downcycling) 

A mechanical recycling route with passive requirements and poor end products is likely if even 

a tiny amount of sorting is feasible and the legislation does not mandate industry participation in 

high-quality recycling (+/-). 

(A) Assumptions: Large funding for new immense-performance material recycling technologies 

will not be manufactured since there is no strict government control or support for the recycling 

process. 

(B) Data: Mixed recycling is practiced by specific flexible packaging post-consumer separation 

systems, leading to inferior end goods (such as those used for playgrounds, roads, etc.). 

(C) Slow/stop: There is an increasing demand for new solutions from consumers, an increasing 

momentum behind creating a circular economy with numerous recycling cycles, and the falling 

cost of alternative recycling methods. 

(D) Qualitative effects: 

Positive: Taking into account factors like the high cost of raw materials, the low cost of recycling 

immense-performance materials, the established methodology in few regions, and the feasibility 

in small-income nations, addressing the costs correlated with not recycling plastic packaging 

(like plastic tax); developing new material products; lowering the amount of material needed to 

produce goods; and so on. 

Negative: Do not allow the repeated recycling of substances, as this does not support a strong 

and continuing circular economy. 

(E) Timespan:  < 5 years. 

Scenario 4: Business-As-Usual (BAU)  

The multi-material, multilayer packaging garbage management will persist the same, i.e., 

landfill, energy recovery, etc., due to the insufficiency of defined regulations around plastic waste 

recycling and the lack of separation and sorting logistics.  

(F) Assumptions: Shortly, low-income nations' plastic waste streams will significantly decrease. 

However, global packaging industry players may continue to take advantage of less regulated 

states as "business as usual." 

(G) Data: Many developing countries still lack adequate legislation for the disposal of plastic 

packaging trash. High-performance sorting technologies are still far off, yet many countries still 

have to cope with environmental leakage and dumping. 
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(H) Slow/stop: Extended Producer Responsibility (EPR) without national boundaries, global 

cooperation toward the circular economy, innovation, and recycling technologies that are more 

affordable and suitable for less developed systems. 

(I) Qualitative effects:  

Positive: Stay away from switching to an untested technology that comes with extra 

implementation costs. 

Negative: Environmental impact of disposal (namely greenhouse gas emissions, resource-

draining, soil contamination, etc.), leakage of plastic garbage into the environment, future costs 

of not-recycled plastic (like plastic tax), and so on. 

Timespan:  < 10 years. 

8. Conclusions 

Due to the complexity of package value chains, which need thorough analysis, the MLP, 

collection, separation, and sorting is essential for recycling. Consequently, bringing about change in 

such a diverse set of systems is challenging. Multilayer plastic packaging on a global scale meets the 

many uses and requirements for packaging. It also became a concern for the recycling sector due to 

the difficulty of layer separation and, consequently, high treatment costs. Because of this, this 

packaging is often discarded in mixed plastic streams and then either landfilled or burned with 

energy recovery. Over half of the experts surveyed for this report anticipate that cutting-edge 

technologies will be developed predominantly in high-income nations during the next five to ten 

years to recycle multilayer plastic packaging trash. This comprises advanced sorting technologies 

and high-performance material recycling, particularly in Europe and Asia. Additionally, chemical 

recycling possibilities (feedstock) have potential futures. As a result, this kind of method is 

anticipated to expand as a reliable recycling outflow in the coming years. In addition, downcycling 

is regarded as a component of the solution for reducing environmental plastic leakage. Therefore, 

various MLP recycling solutions, including all possible outcomes, even the least preferred one, 

business as usual, are in store for the future. This packing material will be handled according to the 

area's resources, laws, and priorities. Additionally, it was determined that improved recyclability 

would result from increased integration and transparency throughout the whole chain of packaging 

value. Establishing a more harmonious system calls for coordinated efforts from stakeholders, 

including brand owners, consumers, governments, the packaging industry, research institutes, and 

waste management players. Achieving a transparent circular economy in this sector is more difficult 

because of variables, including the variety of local waste management systems, the vast range in MLP 

material composition, and the various regulatory frameworks. 

Ultimately, a sizable percentage of the globe still lacks access to essential waste management 

and traditional recycling infrastructures. The increasing utilization of bio-based substances in MLP 

and all other types of plastic packaging may provide short-term possibilities to cut carbon release 

and decouple substances from the fossil-derived economy. As a result, using renewable resources in 

packaging materials may improve sustainability performance, mainly when multi-material or 

multilayer plastic packaging is necessary. 
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