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Abstract 

In Europe, regulatory frameworks such as the Single-Use Plastics Directive and Packaging and Packaging 
Waste Regulation have reshaped the responsibilities of producers through mechanisms like Extended Pro-
ducer Responsibility. These frameworks have reshaped the packaging and food industries by promoting cir-
cular material use and environmental performance. Therefore, there has been a growing demand for sus-
tainable packaging solutions to enhance the transition from conventional plastics to fiber-based materials 
for foodservice packaging materials.  
 
A comprehensive literature review was carried out. A qualitative scoping review, complemented by a sys-
tematic literature review, was used to explore and consolidate existing knowledge. 
 
The objective was to review the insights on end-of-life options for compostable fiber-based foodservice 
packaging materials. End-of-life pathways for fiber-based foodservice packaging were studied with a partic-
ular focus on compostable grades. The review examined how European policies and the regulatory frame-
work reshape producer obligations through Extended Producer Responsibility. Compatibility of composta-
ble fiber-based packaging with industrial composting and anaerobic digestion, especially when mechanical 
recycling is restricted because of food contamination was reviewed.  
 
Although fiber-based packaging has been often considered preferable to plastics, due to renewable feed-
stocks and potential compostability, its environmental and economic performance largely depends on end-
of-life management and alignment with regulatory frameworks. Findings indicated that effective end-of-life 
alternatives are critical to delivering environmental benefits through resource recovery (biogas, compost) 
and to avoid landfills or incineration. The need for early-stage design that anticipates end-of-Life alterna-
tives, harmonized standards, clear consumer guidance, and cross supply chain collaboration is required. 
Overall, the sustainability performance of fiber-based foodservice packaging is contingent on robust end-
of-life infrastructure, regulatory clarity, and materials innovation that maintains food safety while enabling 
high quality recovery. 
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1 Introduction 

The growing demand for sustainable packaging solutions has advanced the transition from con-

ventional plastics to fiber-based materials for foodservice packaging materials. Fiber-based pack-

aging can be seen as an environmentally friendly alternative due to its renewable origin and po-

tential to meet the requirements for compostability. However, the sustainability of these materials 

depends not only how and of which raw materials those are produced, but also on their end-of-life 

(EoL) management. Improper disposal or inefficient recovery processes reduce environmental 

benefits and create extra economic costs for producers and waste management stakeholders. 

However, this shift toward fiber-based packaging demonstrates to a wider dedication to sustaina-

bility and circular economy principles.  

In Europe, regulatory frameworks such as the Single-Use Plastics Directive (SUPD) and Packaging 

and Packaging Waste Regulation (PPWR) are reshaping the responsibilities of producers through 

mechanisms like Extended Producer Responsibility (EPR). The SUPD restricts certain single-use 

plastics and introduces EPR obligations, that create incentives to switch to non-plastic or com-

postable alternatives in cases that those are appropriate. PPWR replaces the old Packaging Di-

rective (94/62/EC), directly applying harmonized rules across the EU. It sets stricter recyclability 

expectations, tightens hazardous substance thresholds, and includes provisions for compostability 

in specific applications by 2028 (European Parliament and Council, 2019/904; European Parlia-

ment and Council 2025/40). These policies aim to reduce environmental impacts by promoting cir-

cularity and ensuring that producers bear the costs of waste management. For compostable fiber-

based packaging, the implications of these regulations remain complex, as the material often falls 

between categories of recyclable and biodegradable waste streams. Therefore, the aspects of sin-

gle use plastics directive and current view of Packaging and Packaging Waste Regulation will be re-

viewed in this literature review.  

While these fiber-based packaging materials are often perceived as preferable to plastics, their en-

vironmental and economic performance is strongly influenced by how they are managed after use. 

If disposal and recovery processes are inefficient or misaligned with regulatory frameworks, the 

anticipated sustainability gains may not materialize, highlighting the need for a comprehensive 

evaluation of end-of-life (EoL) strategies. 



7 
 

 

2 The purpose and objectives of the literature review 

This literature review study focuses on fiber-based packaging used in foodservice. The end-of-life 

alternatives of the fiber-based packaging materials for foodservice and especially the compostable 

fiber-based packaging materials are studied. This is because fiber-based packaging materials typi-

cally become mechanically non-recyclable when food residues remain on the surface of the pack-

age. In such cases, an alternative pathway for these materials lies in their inclusion in biowaste col-

lection and subsequent processing through recycling methods such as anaerobic digestion. The 

focus is on fiber-based packaging material used in foodservice. 

Literature review focuses on questions, such as, how the fiber-based packaging material fits to 

composting and production of biogas, how the Extended Producer Responsibility fees are consid-

ered for compostable fiber-based packaging materials and what are the main challenges and views 

of the European Union legislation and regulation on the topic. Thesis evaluates the role of fiber-

based packaging within the waste collection of bio-fraction, with particular emphasis on its pro-

cessing in anaerobic digestion plants and its contribution to biogas production. In addition, it is 

studied how Extended Producer Responsibility (EPR) apply to compostable fiber-based packaging 

materials.  

3 Research questions and theoretical bases  

To achieve the objectives of this thesis, a comprehensive literature review is carried out. A qualita-

tive scoping review, complemented by a systematic literature review, is used to explore and con-

solidate existing knowledge on fiber-based packaging, its end-of-life (EoL) alternatives, and related 

European Union and Finnish regulations concentrating on compostable packaging. Searches are 

conducted in academic databases and official European Union and industry sources. Inclusion cri-

teria were the relevance to, for instance, fiber-based packaging, compostability, recycling, or regu-

lation. 

Continuous information gathering is necessary throughout the thesis process, enabling the inte-

gration of new findings and ensuring the review maintain comprehensive. An abductive approach 

is applied in literature review, where the enhancement of understanding is refined by moving be-

tween theory and data (Dubois & Gadde, 2002, p. 555).  
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Conducting a literature review requires careful and systematic attention to ensure the inclusion of 

relevant and high-quality sources. As stated by Ojasalo and all. (2014, p. 31), information retrieval 

requires criticality and information literacy, and source criticism is always important. A thematic 

analysis approach was applied to systematically identify and synthesize key themes and concepts 

relevant to the research topic. Given the qualitative nature of the data, qualitative methods are 

applied, and the findings are summarized to identify recurring themes and patterns. The aim is to 

extract key insights and highlight the most significant takeaways.  

Toikko and Rantanen (2009) write, that subjective perspectives and differences in interests are 

raised by qualitative datasets and those can provide a fertile basis for reflective debate (Toikko & 

Rantanen 2009, p. 117). It is important to keep in mind, as Toikko and Rantanen (2009) also em-

phasizes, that qualitative datasets are approached from the perspective of the questioning of de-

velopment activities and thus, it is not appropriate to analyze everything possible information con-

tained in the materials possible information contained in the data. In qualitative development 

activities often consist of classifying and rough interpretation (Toikko & Rantanen 2009, pp. 140-

141). 

This thesis can be characterized as research-based, drawing on existing literature to develop a 

comprehensive understanding of the topic. The literature review establishes the theoretical and 

regulatory framework and provides a foundation for practical insights into the challenges and op-

portunities associated with end-of-life management of fiber-based compostable packaging. As a 

research-based study, thesis is framed by life-cycle thinking and circular economy principles. 

The anticipated outcome of this work is to provide insights into life-cycle and especially the end-

of-life alternatives for fiber-based packaging materials intended for foodservice. Consequently, the 

literature review research offers an opportunity to clarify the current level of knowledge and pre-

paredness regarding these issues and, importantly, to discuss how to integrate such considera-

tions into the early research and development stages of new fiber-based products. The literature 

review addresses the following main research questions shown in Table 1.  
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Table 1. Research questions 

Research question Clarification 

1 How do fiber-based packaging materials 
fit into the biofraction within waste col-
lection, composting processes and bio-
gas production systems?  

This question examines the technical and opera-
tional compatibility of compostable fiber-based 
packaging with organic waste treatment, focus-
ing on anaer-obic digestion and its role in biogas 
generation. 

2 How are Extended Producer Responsibil-
ity (EPR) fees be considered for com-
postable fiber-based packaging materials 
in foodservice?  

This questions explores the economic implica-
tions of EPR schemes and their application to 
compostable packaging within current regula-
tory frameworks. 

3 What are the main challenges and per-
spectives of EU legislation and regulation 
regarding composta-ble fiber-based 
packaging?  

By this questions, the target is to evaluate the 
regulatory landscape, in-cluding the SUPD and 
PPWR regulations, and to consider how these 
influence the adoption and EoL management of 
fiber-based packaging in foodservice. 

 

4 Packaging material for foodservice 

4.1 Sustainable packaging material for foodservice 

Food waste is a global issue. Due to the depletion of fossil resources, and increased demand to re-

duce plastic waste, there is a growing need for sustainable packaging solutions. The food and 

packaging industries are increasingly conscious of the environmental impact, with global policies 

and initiatives promoting sustainable packaging solutions. Hence, fostering a shift towards in-

creased use of circular packaging and the use of biobased and compostable materials. Sustainable 

foodservice packaging involves using renewable, recyclable, or recycled materials and at the same 

time ensuring functionality, quality, and food safety of used packaging materials. (Tiekstra et al. 

2021, pp. 1, 2, 8) Along with this, consumer demand plays a crucial role in encouraging companies 

to adopt sustainable packaging practices. 
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To maintain consumer preferences, and required barrier properties, are important to achieve con-

sumer acceptance. Food packaging serves the primary role of shielding products from environ-

mental factors, including gases, temperature, and humidity. In addition to the crucial role of food 

packaging to preserve the qualities and nutrition of food and extend shelf-life, packaging also 

serves as a means of communication with consumers. Intelligent packaging, focusing on communi-

cation and transparency, has good potential, especially with the rise of digitalization and sustaina-

bility demands. Active packaging concepts are designed to engage with the product or packaging 

atmosphere to uphold quality, preserve nutrition, and extend shelf-life, categorized into scaven-

gers/absorbers, emitters, and adaptors. Therefore, innovative packaging concepts, like active and 

intelligent packaging, can optimize the food supply chain and improve food utilization.  (Tiekstra et 

al. 2021)  

Green packaging involves using ecologically friendly materials for packaging while ensuring prod-

uct safety and effectiveness. There are two main areas in the research on green packaging; 1) con-

sumer-driven and 2) company-driven approaches, that are motivated by increasing level of envi-

ronmental awareness of the consumers and the government regulations. Consumer demand plays 

a crucial role in pushing companies to adopt and take in to use sustainable packaging materials 

and practices. To align with sustainability policies and to meet consumer demands, the businesses 

are investing in eco-design innovations and more sustainable packaging solutions. (Wandosell et 

al, 2021) 

Furthermore, there is an important role of retailers and packaging manufacturers to educate and 

provide relevant information for the customers and end-users on proper product and packaging 

disposal. In addition to new product and process solutions, customers’ and end-users’ knowledge 

of disposal alternatives is crucial for protecting the environment and enabling the efficient opera-

tion of various end-of-life options for packaging. Consumers value packaging's protective and sus-

tainable aspects, express willingness to purchase Active and Intelligent Packaging (AIP), but re-

quire education and clear packaging communication for successful adoption. (Tiekstra et al. 2021) 

Eissenberger at al. (2023) emphasizes the significance of using eco-friendly packaging materials to 

address environmental concerns and use of resources responsibly and the importance of the de-

velopment of biobased packaging materials and modification techniques, emphasizing potential 
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role of those in creating circular and eco-friendly packaging. The authors highlight the importance 

of improving sustainability in the packaging industry through use of renewable materials, light-

weighting, and enhanced recyclability. Target should be to make packaging that keeps food fresh 

and can be still recycled after the use. Eissenberger at al. (2023) also highlights the importance of 

finding the right balance between eco-friendliness and the ability of package to keep the food 

fresh.  

Eissenberger at al. (2023) suggests new ways to make eco-friendly packaging using materials such 

are PLA, PHA, bioPE, bioPET, paperboard, and molded pulp that can be used for sustainable pack-

aging. These materials can be biobased meaning that those are made from natural sources, de-

rived from biomass or can be biodegradable meaning that the material can be naturally broken 

down by microorganisms. Nevertheless, it is important to note that biobased material does not 

always mean that it is in addition biodegradable, and vice versa. Therefore, certifications and la-

belling standards for biobased and biodegradable materials are required as well as the specifica-

tion of the environmental conditions for the declaration of biodegradability. (Eissenberger at al., 

2023) Paper and cardboard are renewable materials with a long history of use in packaging solu-

tions. Paper and board substrates are generally biodegradable, although some coatings and addi-

tives may affect their biodegradability. 

Life Cycle Assessment (LCA), based on ISO 14040/44 standards, is widely used to evaluate the envi-

ronmental impacts of packaging materials from production to disposal. Maga et al. (2019) have 

studed plastic food packaging and compared nine plastic-based meat tray materials. They found 

out that material choice and end-of-life treatment significantly influence overall carbon footprint. 

However, there were limitations to the study, and indirect environmental impacts related to food 

waste and packaging shelf-life were not considered. (Maga et al., 2019)  

By using fiber-based packaging made from responsibly sourced materials can contribute to sus-

tainable practices and reduce environmental impact. Using renewable materials in packaging is in 

line with circular economy principles, promoting the reuse and recycling of resources. 
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4.2 Fiber-based packaging materials 

A recent approach in packaging design aims to meet multiple end-of-life pathways, where the pri-

mary focus is on ensuring both recyclability and suitability for organic waste processing. Paper or 

paperboard is a common base material due to its affordability, inherent cellulose biodegradability, 

and well-established recycling infrastructure. (Zimmer, 2025) Paperboard is produced from tree-

based wood pulp. Such material forms the basis for a wide variety of packaging solutions, includ-

ing corrugated boxes, cartons, paper bags, and molded fiber containers, with several applications 

in the foodservice sector (Kóczán & Pásztory, 2024). 

Paper and paperboard are primarily produced from wood pulp. The process begins by mechani-

cally or chemically pulping wood to separate cellulose fibers (Li et al., 2023). These fibers are then 

screened, refined and bleached. The fiber slurry is spread on a moving screen at paper or board 

machine. Water is drained, pressed and dried away, leaving a mat of fibers. Board or paper sub-

strate is then subjected to coating and converting operations to provide specific barrier properties, 

such as resistance to moisture and grease. Fiber-based packaging solutions are widely used across 

different industries.  

From an environmental perspective, fiber-based packaging offers several advantages because of 

being recyclable and renewable. In Europe, the recycling rate of over 80 % for paper and board is 

significantly higher when compared to many other materials. (Bugnicourt, 2022, p.28). Fiber-based 

packaging materials are generally biodegradable, allowing material to break down naturally under 

appropriate conditions and that way reducing its environmental footprint (Zimmer, 2025). Further-

more, ongoing innovations in barrier coatings and different fiber blends enhance performance of 

such packaging materials while maintaining their recyclability (Haase, n.d.). Fiber-based packaging 

represents a responsible choice within a circular economy framework, that is supported by sus-

tainable forestry practices, efficient recycling systems, and continuous improvements in produc-

tion technologies (Kóczán & Pásztory, 2024). 

In this thesis, the emphasis is placed mainly on compostable fiber-based packaging, that is de-

signed for foodservice use. Such products often become contaminated with food residues, making 

recycling impractical and highlighting the need for solutions that support organic waste streams. 

Typically, the products can be for instance trays, clamshells, and disposable containers in fast-food 
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applications. Figure 1 represents an example of lifecycle of foodservice packaging materials, show-

ing the stages from resource extraction to disposal and reintegration into the ecosystem. 

 

Figure 1.  Lifecycle of biobased coatings for fiber-based foodservice packaging (Adapted from 

Vinitskaia et al., 2025) 

Raw material acquisition stage involves sourcing natural resources such as wood, minerals, or 

other raw materials that are materials used at paper or board production. Paper or board produc-

tion requires energy and chemicals that influence environmental considerations. For certain appli-

cations, board can be coated to provide specific properties like moisture resistance or barrier pro-

tection. The choice of coating method can affect the recyclability and environmental impact of the 

product. In next stage, materials are converted into packaging products, such as boxes or contain-

ers. This step considers the convertibility of materials, which also influences efficiency and waste 

generation. The produced packaging is used to contain and protect food products. The packaging 

properties and specifications that are chosen also impact food safety, shelf-life, and resource use. 

In next stage food is stored and consumed in packages. The chosen packaging’s design and mate-

rial properties determine its durability and shelf-life performance. After use, packaging enters 
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waste management systems. This stage includes recycling, composting, or disposal, aiming to min-

imize environmental harm and return materials to the ecosystem. Sustainability and the environ-

mental impact of each step of lifecycle should be always emphasized. 

4.3 Compostable Fiber-based packaging materials for foodservice 

Compostability as a product feature is particularly important in foodservice products because 

packaging often becomes contaminated with food residues and thus makes recycling less feasible. 

Compostable fiber-based materials can be diverted to organic waste streams and treated through 

industrial composting or anaerobic digestion, supporting circular economy goals and reducing 

landfill disposal (Williams, 2025; Zimmer, 2025). Therefore, there is growing interest also in devel-

oping packaging materials that are both home and industrially compostable to improve sustaina-

bility and end-of-life management for fiber-based foodservice products. This is particularly rele-

vant for items used in quick-service restaurants, on-the-go consumption, and products with a 

short shelf-life. Such packaging is important for applications where separation from food waste is 

difficult or where the material is likely to end up mixed with food residues. 

Compostable packaging is intended especially for controlled end-of-life scenarios, primarily indus-

trial composting and anaerobic digestion, which enable organic matter recovery and nutrient recy-

cling and reduce reliance on landfill or incineration (Hilton et al., 2020). However, EU regulations 

set strict conditions for compostable packaging, including contamination levels and compatibility 

with biowaste streams (European Parliament and Council, 2025). Successful implementation de-

pends on both certification schemes and adequate infrastructure. 

Food waste is the most important input for composting processes. Integrating foodservice packag-

ing with food waste in composting process requires that the packaging is certified as compostable. 

This creates both significant opportunities and but also challenges for innovation. While numerous 

fiber-based packaging options exist, those may face specific limitations regarding meeting the con-

ditions and standards of compostability. Solutions must satisfy a wide range of criteria, which dif-

fer across different regions. (Williams, 2025) Williams’ article (2025) demonstrates that promoting 

compostability requires substantial, evidence-based, and carefully considered changes in materi-

als, as well as close collaboration throughout the entire supply chain. 
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Fiber-based materials, paper and board, are adopted due to their biodegradability, cost-effective-

ness, and established recycling systems. To meet functional requirements for foodservice packag-

ing, such as barrier properties and heat sealability, paper substrates are often coated with biode-

gradable polymer coatings that are applied through various technological methods. (Zimmer, 

2025)  

The biodegradable coatings of the fiber-based packaging materials may be biobased or fossil-

based, each suited for specific organic waste treatments (European Bioplastics, n.a.). Current pa-

per-based foodservice packaging uses different barrier technologies to meet functional require-

ments. These include extruded polymers such as polyethylene (PE) and polylactic acid (PLA), size-

press treatments like starches and perfluorinated alkyl substances (PFAS), and coated layers such 

as wax or water-based formulations. Each coating solution addresses specific performance needs 

and offers different end-of-life options depending on the degree of food contamination. For in-

stance, size-press treatments and water-based coatings generally support recyclability when con-

tamination is minimal, while for instance PLA coatings are suitable for industrial composting. (Wil-

liams, 2025) 

Bio-based barrier coatings, that are developed from materials such as polysaccharides, nanocellu-

lose, lignin, and proteins, are increasingly seen as viable alternatives to conventional fossil-based 

coatings in fiber-based packaging. These materials can significantly improve the environmental 

profile of packaging by enhancing recyclability and compostability, which supports compliance 

with sustainability regulations. In addition, certain coatings have demonstrated the ability to pro-

long the shelf-life by providing improved resistance to moisture and oxygen transfer. (Vinitskaia et 

al., 2025) Despite these benefits, Vinitskaia et al. (2025) highlights, that there are yet several chal-

lenges that remain unresolved and mention one critical issue to be industrial convertibility. Indus-

trial convertibility is the ability of coated board substrates to withstand converting processes like 

folding, sealing, and forming without losing functionality. Typical problems during converting are 

for instance surface cracking and poor sealability. To overcome these challenges, a comprehensive 

and holistic approach that combines material innovation, standardized evaluation methods as well 

as practical trials under industrial conditions are required. When improving barrier properties, it is 

also important and essential to note that compostable coatings must not compromise product 
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properties such as food safety or product shelf-life and packaging solutions need to maintain 

structural integrity and their protective performance throughout the intended use of the product.  

There are strong claims regarding the benefits of compostable fiber-based products. Many brand 

owners aim to develop packaging that is both bio-based and biodegradable under all conditions. 

The aim is to eliminate fossil-based plastics in their products and to reduce also that way the envi-

ronmental impact. This ambition aligns with circular economy principles but can yet face signifi-

cant technical and regulatory challenges, as universal biodegradability is difficult to achieve with-

out compromising performance and safety (de Jong et al., 2025). Further research is needed to 

understand how these materials behave in real-life environments and applications. However, the 

market already offers fiber-based foodservice products that are claimed to be compostable (Figure 

2).  

 

Figure 2. Example of compostable foodservice product 

For instance, Mitsubishi Chemical Corporation offers a compostable fiber-based product for food-

service. They have implemented a circular and compostable foodservice product using its BioPBS™ 

compostable material. During large events, such as soccer matches, such paper cups are used for 
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beverages. After use, the cups, along with food residues, are collected and those undergo primary 

fermentation at composting facilities that are located at the stadium. The partially fermented ma-

terial is then later transported to a composting plant for secondary and tertiary fermentation and 

ultimately producing compost that is suitable for agricultural use. This initiative demonstrates how 

also event waste could be transformed into resources as compost. (Mitsubishi Chemical Corpora-

tion, n.d.) 

A major gap that Vinitskaia et al. (2025) highlights, is the absence of harmonized testing protocols 

for recyclability and biodegradability under different disposal conditions. These disposal alterna-

tives are for instance composting, soil burial, and marine environments. This lack of standardiza-

tion makes it difficult to verify environmental claims and ensure compliance across markets. Zim-

mer (2025) has also stated that packaging design should not aim for degradation in uncontrolled 

environments, as unintended littering can pose significant ecological risks. 

5  Compostability and biodegrability 

5.1 Definitions  

Compostability and Biodegradability 

Misunderstandings often occur regarding the distinction between terms ‘biodegradable’ and ‘com-

postable’. A material that is biodegradable is not necessarily compostable and thus a product may 

be biodegradable without qualifying as industrially compostable. Biodegradation is only one of 

several criteria that must be met for industrial compostability certification. International standards 

define certification requirements for materials intended for industrial composting, specifying the 

conditions under which biodegradation occurs. Core requirements include limits on heavy metals 

and fluorine, biodegradation, disintegration, and eco-toxicity. (Williams, 2025) 

Standards define requirements for compostability and biodegradability testing of plastics, packag-

ing, and paper coatings in different regions, ensuring compliance with environmental regulations 

and facilitating international trade. The most widely recognized international standards for com-

postability and biodegradability of different materials across regions are shown in table 2(Wil-

liams, 2025). 
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Table 2. International standards for compostability and biodegradability 

 Plastic Packaging Paper coating 

Globally ISO 17088 ISO 18606 Not indicated 

Europe EN 14995 EN 13432 Not indicated 

United States ASTM D6400 No specific standards ASTM D6868           
(coated paper products) 

Australia AS 4736 No specific standards Not indicated 

 

Material is considered compostable if it undergoes degradation by biological processes during 

composting, yielding CO₂, water, inorganic compounds, and biomass at a rate aligned with that of 

standard compostable materials and it leaves no visible, distinguishable, or toxic residue in the fi-

nal compost (Hilton et al., 2020; Measurlabs, n.d.; Williams, 2025). For a material to be considered 

compostable, it must not only biodegrade but also produce a homogeneous and stable humus-like 

substance during the composting process, which is safe for soil enrichment and plant growth (Ap-

propedia, 2024). 

According to Standard SFS-EN 13432:2000 there are specific criteria under controlled composting 

conditions (SFS-EN 13432) shown in table 3.  
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Table 3. Standard SFS-EN 13432:2000 specific criteria 

Biodegradation At least 90% conversion to CO₂ , water, and biomass within 6 months un-
der controlled conditions (ISO 14855 method). 

Disintegration After 12 weeks, at least 90% of the material (by dry weight) passes 
through a 2 mm sieve. 

Ecotoxicity The resulting compost must not negatively affect plant growth. 

Heavy metals Must remain below strict limits (e.g., Zn ≤150 mg/kg, Pb ≤50 mg/kg) 

  

Biodegradation and disintegration are distinct tests. Biodegradability is defined as the capability of 

a material to be broken down by microorganisms (bacteria, fungi) into CO₂, water, methane (in an-

aerobic conditions), and biomass, without leaving harmful residues. It is measured under con-

trolled conditions (e.g., composting at 58 °C) and requires: ≥90% biodegradation within 6 months 

compared to reference material. (SFS-EN 14046) Biodegradability is a chemical property independ-

ent of whether the material is bio-based or fossil-based (NaturePlast, n.d.). Disintegration refers to 

the physical breakdown and disappearance of the material, with no more than 10% remaining on a 

2.0 mm sieve after 12 weeks of composting. Eco-toxicity ensures that the resulting compost sup-

ports plant growth and sets usage limits for additives and coatings.  

Thus, biodegradability refers to the ability of a material to break down under specific conditions 

within a given timeframe. In aerobic conditions, where oxygen is present, microorganisms decom-

pose the material into carbon dioxide (CO₂), water (H₂O), mineral salts, and new biomass. Con-

versely, in anaerobic conditions, where oxygen is absent, the breakdown results in CO₂, methane 

(CH₄), mineral salts, and biomass (Bremer, 2022; Sheposh, 2024). 

Summary and comparison of compostability and biodegradability are shown in Table 4. 
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Table 4. Compostability vs. Biodegradability 

Aspect Compostability Biodegradability 

Definition Ability of a material to break 
down under composting condi-
tions into CO₂, water, inorganic 
compounds, and biomass, leaving 
no harmful residue. 

Ability of a material to be broken 
down by microorganisms into CO₂, 
water, methane (anaerobic), and 
biomass. 

Environment Controlled composting (aerobic, 
~58 °C)  

Various environments (soil, water, 
compost, anaerobic digesters) 

Timeframe  90% biodegradation within 6 
months under test conditions 

90% biodegradation within 6 
months; 90% disintegration within 
12 weeks 

Additional Criteria - Disintegration (≤2 mm sieve) 

- Ecotoxicity test 

- Heavy metal limits 

No ecotoxicity requirement in basic 
definition 

 

Residue  Must leave no visible or toxic resi-
due 

May leave inert residues (definition 
does not require full disintegra-
tion) 

End Goal  Safe compost usable for plants Mineralization into natural sub-
stances 

 

Industrial composting environments create highly intensive conditions for biodegradation. These 

systems carefully regulate moisture, oxygen, and temperature, fostering the growth of micro-or-

ganisms such as fungi, bacteria, and actinomycetes that efficiently break down materials. In con-

trast, landfills provide far less controlled and less aggressive conditions, resulting in significantly 

slower decomposition. For example, a head of lettuce may decompose within a few weeks in an 

industrial composting facility, whereas in a landfill, the same item could take up to 25 years to 

break down. As stated before, a material that is biodegradable is not necessarily compostable as 

biodegradation can take place in various environments, some highly controlled and intensive, oth-

ers far less regulated (Figure 3). (Williams, 2025)  
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Figure 3. Aggressiveness of Biodegradation in Organic Waste Systems (adapted from Williams, 

2025)  

Testing standards exist for all biodegradation conditions shown in Figure 3, allowing manufactur-

ers to target specific environments for end-of-life performance in fiber-based foodservice packag-

ing. These standards are issued by organizations such as the International Organization for Stand-

ardization (ISO), the American Society for Testing and Materials (ASTM), and the Organization for 

Economic Cooperation and Development (OECD). Absent from the figure is what might be consid-

ered roadside or litter scenarios, as no formal standards exist for typical litter environments, the 

reason is that such conditions cannot be standardized, degradation rates vary widely depending 

on local environmental factors. (Williams, 2025) 

When selecting a certification scheme, it is crucial to consider the region where the product will be 

marketed and ultimately disposed of. After selecting a certification, testing must be done by an 

accredited third-party lab, as required by all certification bodies. These processes are costly and 

time-consuming, so compostable packaging should be developed strategically. It is also important 

to note that any formula changes to product after certification may require restarting the certifica-

tion process again.  
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It is also important to emphasize, for instance, that the 1% Rule is critical for determining com-

postability compliance. Therefore, as mentioned even small formulation changes, such as adjust-

ing preservatives, can affect previously certified materials and require retesting. Therefore, strict 

control over formulations, procurement, and documentation is essential to maintain compliance. 

Generally, individual non-biodegradable components under 1% are permitted, but their combined 

total must not exceed 5%, and they cannot be chemically identical. These requirements are com-

mon across international standards and typically apply to the finished product, with one noted ex-

ception and thus the lack of a single global packaging standard leads to differences in how rules 

like the ‘1% Rule’ are interpreted. This leads to challenge that interpretation may make compli-

ance in other countries difficult for certain products, and yet meeting these requirements is essen-

tial for obtaining compostability certification. (Williams, 2025) 

Home-compostability vs industrial-compostability 

Home composting and industrial composting differ primarily in scale, environmental control, and 

the types of materials they can process. Industrial composting occurs in specialized facilities under 

controlled conditions of temperature, humidity, and aeration, enabling rapid decomposition of 

certified compostable materials. In contrast, home composting is performed at ambient tempera-

tures with variable conditions, typically in household gardens, and is suitable for simpler organic 

waste streams. 

Home-compostable and industrial-compostable materials differ primarily in the environmental 

conditions required for degradation and the timeframe for decomposition. Industrial composting 

occurs in controlled facilities that maintain high temperatures (typically 50 - 60 °C), regulated hu-

midity, and continuous aeration, enabling rapid breakdown of complex materials such as PLA-

based bioplastics within 6 - 12 weeks. These factors accelerate biodegradation, allowing the pro-

cess to be completed faster. These conditions also ensure pathogen elimination and complete 

mineralization into CO₂, water, and biomass (Green Symbiosis, 2025; Notpla, 2025). In contrast, 

home composting relies on ambient and variable temperatures (20 - 40 °C), variable moisture, and 

natural microbial activity, resulting in slower decomposition, such as 6 - 12 months, and limited 

capacity to process certain bioplastics or coated fiber products (Bremer, 2022; Jacobus, n.d.). Mis-

labeling or misunderstanding these distinctions can lead to improper disposal, microplastic resi-

due, and non-compliance with certifications. Home-compostable products must consist entirely of 
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materials that fully biodegrade under ambient conditions and be certified according to recognized 

standards. 

5.2 Compostability of paperboard 

Uncoated paperboard is generally considered compostable under controlled industrial conditions 

due to its lignocellulosic composition, which supports microbial degradation. Cellulose fibers in pa-

perboard break down into carbon dioxide, water, and biomass when exposed to adequate mois-

ture, oxygen, and thermophilic temperatures (Venelampi et al., 2003). However, the rate of bio-

degradation depends on fiber processing and lignin content. Mechanically pulped boards, which 

retain higher lignin levels, degrade more slowly compared to chemically bleached boards because 

lignin interferes with cellulose breakdown and tends to form humus during composting (Ahmed, 

et al., 2018; Venelampi et al., 2003). Studies show that chemically bleached paper products can 

achieve over 70% conversion of organic carbon to CO₂ within standard composting tests, meeting 

EN 13432 criteria for biodegradability (Venelampi et al., 2003). 

Despite its compostability, paperboard decomposition is influenced by environmental and struc-

tural factors. Optimal degradation occurs at 40 - 50°C with sufficient aeration and microbial activ-

ity, conditions typically found in industrial composting facilities but rarely in home composting sys-

tems (Ahmed et al., 2018). The presence of fillers, wet-strength additives, or high-density fiber 

structures can slow disintegration and require extended composting times beyond the 12-week 

benchmark set by standards (Venelampi et al., 2003). While composting paperboard reduces land-

fill waste and methane emissions, its contribution to compost quality is limited. However, biologi-

cal waste treatment processes return nutrients to the soil through compost or digestate (Zimmer, 

2025). Therefore, composting is best suited for contaminated paperboard that cannot be recycled. 

However, this requires that proper collection and processing infrastructure is provided and in 

place. 

5.3 Bioplastics 

Fiber-based materials such as paper and board are widely used in foodservice packaging and to 

achieve essential functional properties these substrates are typically combined with polymer coat-

ings. Increasingly, these coatings include biodegradable plastics applied through aqueous, solvent-
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based, or extrusion processes, which enhance the overall functionality of fiber-based packaging 

(Zimmer, 2025). Current paper-based foodservice packaging employs various plastic-based barrier 

technologies, including extruded polymers like polyethylene (PE) and polylactic acid (PLA), as well 

as coated layers or water-based formulations. These solutions address performance requirements 

and influence end-of-life options: for example, PLA coatings enable industrial composting, 

whereas water-based coatings often support recyclability when contamination is low (Williams, 

2025). 

Bioplastics is a heterogeneous group of materials with varying properties and applications. Accord-

ing to European Bioplastics (n.a.), a plastic qualifies as a bioplastic if it is biobased, biodegradable, 

or has both characteristics. It is important to note that biodegradability does not necessarily indi-

cate a bio-based origin, as biodegradable materials can also be produced from fossil resources 

(Figure 4).  

 

Figure 4. Definition of bioplastics according to European Bioplastics (adapted from European 

Bioplastics, n.a.)  
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Compostable coating polymers play a critical role in enhancing the functionality of fiber-based 

packaging while supporting also circular economy objectives (Jahangiri et al., 2024; Kathuria & 

Zhang, 2022). These polymers are designed to undergo biodegradation in industrial composting 

environments, converting polymers into water, carbon dioxide, and biomass without leaving 

harmful residues. Common examples of such materials include polylactic acid (PLA), polybutylene 

succinate (PBS), and blends with polybutylene adipate terephthalate (PBAT), which are frequently 

applied through extrusion or lamination. These polymers are used to provide moisture and grease 

barriers. (Abdenour et al., 2025; Hamdani et al., 2025) Starch-based coatings, that are often ap-

plied as aqueous dispersion or size-press methods, can offer an alternative for lightweight barrier 

needs (Kathuria & Zhang, 2022). Compliance with standards ensures that these coatings meet the 

criteria of compostability. However, the performance of such polymers is subject to proper waste 

management systems. For instance, home composting conditions rarely achieve the required tem-

perature and microbial activity (Jahangiri et al., 2024). Despite their environmental benefits, com-

postable coatings face challenges related to limited material availability, those tend to have higher 

production costs, and there are contamination risks that can hinder effective end-of-life pro-

cessing (Vinitskaia et al., 2025).  

It could be concluded also that the cost of polymers can vary considerably depending on whether 

they are bio-based or biodegradable and largely due to the limited availability. A long-term sus-

tainability objective is and should be to use polymer materials and products that are both fully bio-

based and biodegradable. 

6 Biowaste collection in Finland  

6.1 Biowaste collection 

The prohibition of organic waste landfilling in Finland, implemented in 2016, marked a significant 

shift in national waste management strategies. This regulatory requirement has effectively elimi-

nated the disposal of municipal waste in landfills, redirecting organic waste streams toward alter-

native treatment methods. Predominantly, organic waste is now directed to incineration with en-

ergy recovery, and more environmentally sustainable approaches, such as anaerobic digestion and 

composting, have also progressively expanded. These developments align with broader objectives 
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of material recovery and the advancement of circular economy principles. (Finnish Environment 

Institute (SYKE), 2024) 

As of 1 January 2024, the separate collection of biowaste became mandatory throughout the EU 

under Article 22 of the Waste Framework Directive. Member States are required to ensure that 

biowaste, such as food and garden waste, is either sorted and recycled at source or collected sepa-

rately, without being mixed with other waste streams. (Directive (EU), 2018/851)  

In Finland, municipalities and regional waste management companies have established systems 

for the separate collection and treatment of biowaste, including food waste. Households use des-

ignated containers for biowaste, which typically consists of food residues, leftovers, and other bio-

degradable materials. Typically, collected biowaste is processed primarily through anaerobic diges-

tion (AD) to produce biogas, which is utilized as a renewable energy source and the digestate is 

further treated to create nutrient-rich compost for agricultural use or soil improvement. Beyond 

enhanced collection and processing, Finnish waste management organizations have put strong 

emphasis on public education and awareness initiatives. The target of public campaigns is to re-

duce food waste already at its source and at the same time to promote accurate sorting practices. 

Another important stakeholder initiative it to have good collaboration with restaurants, retailers, 

and other stakeholders to focus on minimizing overproduction, enhancing inventory control, and 

encouraging food donation schemes. 

The European Compost Network (2022) reports that Europe processes roughly 71 million tons of 

separately collected biowaste each year. 42 million tons are managed through composting and 29 

million tons through anaerobic digestion (European Compost Network, 2022). To achieve the EU’s 

municipal waste recycling target of 65% by 2035, the recycling of biowaste is essential, because 

biowaste represents roughly 34% - 46% of municipal solid waste (European Compost Network, 

2022; European Environment Agency, 2020). Within this biowaste fraction, food waste constitutes 

approximately 60% (European Environment Agency, 2020). Estimates suggest that an additional 40 

million tons of biowaste must be separately collected and treated via composting and anaerobic 

digestion to be able to meet the year 2035 target (Zero Waste Europe, 2024). Currently, there are 

around 3,800 composting facilities and 2,000 anaerobic digestion plants in Europe that are dedi-



27 
 

 

cated to biowaste treatment (European Compost Network, 2022). Doubling the amount of bio-

waste processed over the next decade would require also a significant expansion of treatment ca-

pacity. This is particularly needed for anaerobic digestion infrastructure.  

From a sustainability standpoint of view, anaerobic digestion (AD) is widely regarded as the most 

effective method for recycling biowaste and composting as a strong complementary option. An-

aerobic digestion offers significant environmental benefits by generating biogas, which can replace 

fossil fuels. It produces digestate, which is a nutrient-rich material that is suitable for soil improve-

ment. Importantly, the process prevents methane emissions that would occur if biowaste were 

left to decompose in landfills. Thereby the greenhouse gas impacts are reduced and circular econ-

omy objectives enhanced through energy and nutrient recovery (Czekała et al., 2023; Parihar & 

Choudhary, 2023). In contrast, composting is an aerobic process that enhances soil health and sup-

ports carbon sequestration. It is particularly suited for local or small-scale systems, although it 

does not provide energy recovery like AD (Parihar & Choudhary, 2023). Incineration is considered 

less sustainable because biowaste’s high moisture content limits energy efficiency and destroys 

valuable nutrients. Landfilling is the least favorable option, as it leads to methane emissions and 

resource loss; in Finland, landfilling of organic waste has been prohibited since 2016 (Czekała et 

al., 2023). 

In the European Union, the definition of biowaste is established by the Waste Framework Di-

rective (Directive 2018/98/EC). According to Article 3(4) of the directive, ‘bio-waste means biode-

gradable garden and park waste, food and kitchen waste from households, offices, restaurants, 

whole-sale, canteens, caterers and retail premises and comparable waste from food processing 

plants’ (European Parliament & Council, 2008/98/EC). Furthermore, the Directive allows Member 

States to include with bio-waste also packaging materials with similar biodegradability and com-

postability properties, if those comply with relevant European or equivalent national standards for 

recovery through composting and biodegradation (European Parliament & Council, 2008/98/EC). 

While the Directive provides a general definition, it grants Member States flexibility to specify ac-

ceptable materials in biowaste streams. Consequently, significant variation may exist across coun-

tries regarding what can be collected together with biowaste (European Commission, 2010). In 

practice, biowaste often exhibits high moisture content, reducing its calorific value and making it 
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less suitable for energy recovery. Thus, fiber-based compostable packaging can be used as a car-

rier for food waste. Acceptance of such packaging varies: some countries permit home-composta-

ble materials, others allow even industrially compostable packaging, and certain cases involve 

temporary acceptance for specific events (European Commission, 2022a; VALUEWASTE, 2020). 

6.2 Compostable Fiber-based packaging material in waste streams  

In the previous section 6.1, EU legislation was examined and the definition of biowaste, particu-

larly the framework provided by the Waste Framework Directive (2008/98/EC) and the flexibility 

granted to Member States regarding acceptable materials. It was noted that the high moisture 

content of biowaste limits its suitability for energy recovery and that fiber-based compostable 

packaging can serve as a carrier for food waste. Furthermore, acceptance of such packaging varies 

significantly between countries, depending on factors such as home compostability, industrial 

compostability, or case-specific exemptions. Thus, there is an opportunity that biowaste collection 

can offer alternative or even better end-of-life solution opportunities for food contaminated fiber-

based packaging material such as anaerobic digestion and composting. When product or packag-

ing is biodegradable, it will break down to specific extent in given time and in specific conditions. 

The challenge of fiber-based packaging material in waste streams is that due to food contamina-

tion, the packaging may become non-recyclable. There may be too much food leftovers and pack-

aging material has become soggy and wet. Thus, the fiber-based packaging material is not any-

more allowed to be put in carton bin, but instead a better route would be to disposal of it with 

mixed waste, where everything goes to incineration. But what if such fiber-based packaging mate-

rial would instead follow bio waste fraction that would allow an organic recycling scheme? In that 

case the fiber is maybe not recycled as fiber but at least used as raw material to produce further to 

biogas and compost.  

Figure 5 illustrates a public waste management challenge at its worst related to discarded fast-

food packaging. The waste primarily consists of single-use items such as paper bags, plastic cups, 

and foodservice containers from fast-food chains. This scenario shows worst case problems in ur-

ban waste management of disposable packaging, especially when consumers do not know how to 

dispose of packaging correctly. 
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Figure 5. Fast foodservice packaging waste (AI generated by Copilot, 2025) 

From a sustainability perspective, the image illustrates the environmental impact of single-use 

packaging and the challenges of managing it at end-of-life. Many items consist of mixed materials, 

such as paper with plastic liners, which complicates recycling and composting. This situation re-

flects the conflict between convenience-driven consumption and circular economy principles and 

highlights the need for regulatory measures like Extended Producer Responsibility (EPR) and inno-

vations in packaging design to be able to further reduce waste and improve recyclability. 

7 End-of-life Alternatives - Recycling, Industrial Composting, Anaerobic 
Digestion  

7.1 End-of-life Alternatives 

The designs of fiber-based packaging products for foodservice must consider compatibility with 

multiple end-of-life pathways, including industrial composting, home composting, and anaerobic 

digestion and biogas production, while ensuring that mechanical recycling is not hindered (Figure 

6). Besides the food residues, mechanical recycling may be hindered also by specific types of bar-

rier layers of the packaging, emphasizing the need for coatings that do not compromise fiber re-

covery. (Emmert et al., 2021; Kathuria & Zhang, 2022; Mujtaba et al., 2022).  
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Figure 6. Alternative end-of-life options for fiber-based compostable packaging 

Research initiatives are focusing on creating biodegradable and compostable packaging that is 

suitable for treatment in organic waste facilities. While the preferred approach for foodservice 

packaging remains reuse or technical recycling, certain designs may include biodegradability under 

narrowly defined conditions that are established by the European Packaging and Packaging Waste 

Regulation (European Commission, 2024). These conditions consider factors such as the presence 

of food contamination at end-of-life, the ability of the packaging to support biowaste separation, 

and its tendency to appear as a contaminant in organic waste streams. Thus, biological waste man-

agement processes, such as composting and anaerobic digestion (AD), offer alternatives to landfill 

and incineration by enabling nutrient recovery through compost or digestate. (Zimmer, 2025.) 

Nevertheless, Hilton et al. (2020) noted that biodegradable packaging has little impact on compost 

quality, which explains the current regulatory criteria limiting its adoption for organic waste treat-

ment. 

Zimmer (2025) has emphasized that biodegradation should occur in controlled environments, such 

as industrial composting facilities or biogas plants that are designed for biowaste processing. The 

example outlined in figure 7 below, illustrates the intended end-of-life pathways for biodegrada-

ble packaging. 



31 
 

 

 

Figure 7. End-of-life pathways for biodegradable packaging (adapted from Zimmer 2025) 

Figure 7 illustrates the biodegradability of paper and packaging materials across different end-of-

life (EoL) scenarios, distinguishing between managed systems (technosphere) and unmanaged en-

vironments (biosphere). Managed end-of-life scenarios, such as industrial composting and anaero-

bic digestion, operate under controlled conditions and are regulated by standards like EN 13432 

and certain certifications that are defined in the EU Packaging and Packaging Waste Regulation 

(PPWR). These systems can ensure compliance with specific packaging types. In contrast, unman-

aged end-of-life scenarios create significant challenges such as open dumpsites and littering in soil 

or aquatic environments. It is good to note that packaging that has been designed for industrial 

composting often fails to decompose and break down in home compost or natural environments. 

(Zimmer, 2025) 

Landfill disposal is least ideal for fiber-based packaging, because it does not meet circular econ-

omy principles. If paperboard or fiber-based packaging material would end-up in landfills, its or-

ganic content can generate methane under anaerobic conditions and methane is a greenhouse gas 

that has a clearly higher global warming potential compared to carbon dioxide (Ahmed et al., 

2018). Additionally, landfilling represents waste management approach, where valuable resources 

are permanently removed from the material cycle instead of being recovered, recycled or regener-

ated. This does not only increase the demand for virgin raw materials but also occupies limited 

landfill space and this contributes to long-term environmental burdens. In contrast, composting or 
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anaerobic digestion allows fiber-based packaging to return to the biological cycle. This supports 

resource recovery and reduces greenhouse gas emissions. Conversely, discussions often arise re-

garding scenarios of accidental littering or insufficient recycling infrastructure. Situations that in-

volve unmanaged landfills or environmental littering must not be regarded as chosen end-of-life 

strategy. (Zimmer, 2025.) 

When biodegradable and compostable packaging is developed for controlled end-of-life scenarios, 

it is essential to consider certification standards and the availability of suitable waste management 

infrastructures. Zimmer (2025) has stated that various organic waste treatment technologies have 

emerged and those are primarily driven by the need to process agricultural residues and consumer 

biowaste. Anaerobic digestion and industrial composting represent the two predominant meth-

ods, and those are often implemented sequentially. Consequently, biodegradable and composta-

ble packaging could be designed to ensure compatibility with both processes, anaerobic digestion 

and industrial composting.  

Despite growing interest in anaerobic digestion as a sustainable waste treatment option, the ab-

sence of dedicated standards can create uncertainty for compliance and for performance evalua-

tion (Shafana Farveen et al., 2025). The harmonized standard EN 13432 addresses packaging re-

coverable through composting and biodegradation and includes anaerobic treatability in its scope. 

It sets requirements for biodegradability, disintegration during biological treatment, and the qual-

ity of the resulting compost (European Bioplastics, 2020). However, EN 13432 primarily focuses on 

industrial composting conditions and does not define performance criteria that are specific to an-

aerobic digestion or digestate quality (European Bioplastics, 2020). Recent studies highlight this 

gap, noting that bioplastics and other packaging materials show variable degradation under anaer-

obic conditions, thus there is a need for standardized methods to assess methane production, dis-

integration, and biodegradation in anaerobic digestion systems (Gadaleta et al., 2024).  

Although the original context of article by Eissenberger et al. (2023) relates to plastics, the princi-

ple described in their article is equally applicable here. They emphasize in their article, how im-

portant it is to consider end-of-life options for material or product already during the design 

phase. This is to ensure in design phase that the products are both sustainable and industrially via-

ble. Key strategies in such considerations are include recycling, biodegradation, upcycling, and 
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composting. Among these, improving recyclability is often the most effective way to reduce envi-

ronmental impact and carbon footprint. Ultimately, the choice of end-of-life pathway should be 

guided by the material’s properties and its intended application. 

7.2 Recycling 

A circular economy framework aims to preserve highest utility and value of products, components, 

and materials continuously with a clear separation between technical and biological cycles (Ellen 

MacArthur Foundation, 2015). For packaging materials, such as plastics and paper, industry ad-

vancements include the development of both mechanical and chemical recycling processes that 

are complemented by regulatory measures that can accelerate the transition towards circularity. 

As already discussed, food-contaminated fiber-based packaging is generally unsuitable for recy-

cling due to residual food that reduces the quality of recovered fibers and introduces hygiene con-

cerns Williams, 2025; Zimmer, 2025). Recycling processes require clean, uncontaminated material 

streams to be able to maintain efficiency and product integrity (Ellen MacArthur Foundation, 

2015). Contamination increases operational costs and can lead to the rejection of entire recycled 

fiber batch. For this reason, foodservice packaging such as trays, clamshells, and disposable con-

tainers is rarely recycled after use. Instead, these items are better directed to organic waste treat-

ment systems, such as industrial composting or anaerobic digestion, where both packaging and 

food residues can be processed together (Williams, 2025; Zimmer, 2025). Consequently, this thesis 

does not address recycling pathways for food-contaminated fiber-based packaging but focuses on 

compostable solutions that align with circular economy principles and reduce landfill disposal. 

7.3 Composting 

There is increasing interest in developing fiber-based packaging materials that are both home and 

industrially compostable to improve sustainability and end-of-life management for foodservice 

packaging materials. These solutions are particularly relevant for quick-service restaurants, on-the-

go consumption, and products with short shelf-life, where packaging often becomes contaminated 

with food residues and is difficult to separate from organic waste streams. Compostable materials 

allow diversion into organic waste treatment systems, reducing landfill disposal and supporting 
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circular economy goals. (Emmert et al., 2021; Kathuria & Zhang, 2022; Mujtaba et al., 2022) How-

ever, achieving compostability without compromising functional properties such as moisture and 

grease resistance remains yet challenging. Critical research and innovation area are to balance 

these requirements; performance, compostability, and recyclability (Kathuria & Zhang, 2022; Mu-

jtaba et al., 2022; Emmert et al., 2021). 

It is important to note that conditions for biodegradation vary significantly. For example, what 

works in industrial composting may not work in home composting or aquatic environments, 

mainly because these environments have lower temperatures. In Europe, there is currently no uni-

fied standard for this. However, there are methods to test how plastics biodegrade under anaero-

bic conditions, such as in biogas plants. (Eissenberger et al., 2023) End-of-life alternative alterna-

tives of industrial composting ensure complete biodegradation under controlled conditions. Home 

composting is less reliable due to lower temperatures and inconsistent environments. (Emmert et 

al., 2021; Kathuria & Zhang, 2022; Mujtaba et al., 2021). 

The minimum requirements for packaging to be recoverable through composting and biodegrada-

tion are defined by the European standard EN 13432. It specifies four key criteria 1) Biodegradabil-

ity, conversion of at least 90% of organic carbon into CO₂ within six months, 2) Disintegration, less 

than 10% of the original material remains after 12 weeks in composting conditions, 3) Effect on the 

composting process, material must not hinder biological treatment and 4) Quality of the resulting 

compost, no negative impact on compost quality or soil health (European Bioplastics, 2015). Bio-

degradability depends on chemical structure rather than material origin, and certified products en-

sure safe integration into industrial composting systems without contaminating the final compost. 

Industrial composting is a controlled biological process that transforms biodegradable waste into 

stable, sanitized compost suitable for agricultural use and it must operate under optimized condi-

tions. Typically, temperatures vary between 50°C and 60°C, with a hygienization phase that re-

quires at least one week at above 60°C temperature to be able to eliminate pathogens. The pro-

cess consists of two main stages: active composting, where microorganisms rapidly degrade 

organic matter, and curing, during which decomposition slows and humic substances form (Euro-

pean Bioplastics, 2009). 
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Industrial composting contributes to circular economy goals by diverting biowaste from landfills 

and incineration, reducing methane emissions, and producing valuable compost for soil improve-

ment. It also supports separate biowaste collection and reduces contamination in organic recycling 

streams. However, successful composting requires strict control of process parameters and input 

quality. Materials labeled as ‘industrially compostable’ must meet EN 13432 standards to avoid 

misleading claims and ensure environmental benefits (European Bioplastics, 2015). 

Lifecycle assessments indicate that compostable solutions can reduce environmental impact com-

pared to fossil-based plastics, provided they are properly managed at end-of-life to avoid landfill 

disposal and microplastic formation. (Emmert et al., 2021; Kathuria & Zhang, 2022; Mujtaba et al., 

2022) Project Manager Holopainen (Spring 2024) has stated in internal training session of Finnish 

forest industry company that, beside the market value, when material is directed to compost, it 

enables carbon sequestration in soil and the compost acts as carbon sink and improves conditions 

of soil. Compost has also value as fertilizer as compost as product directly from digestate, could 

replace some fertilizers. The utilization of compost would enable potential to increase the degree 

of dependency of the imported fertilizers. 

7.4 Anaerobic Digestion and Biogas Production 

At the end of its lifecycle, fiber-based compostable packaging can also serve as a raw material for 

anaerobic digestion. Anaerobic digestion offers potential for biogas recovery but requires material 

compatibility with existing systems (Emmert et al., 2021; Kathuria & Zhang, 2022; Mujtaba et al., 

2022). This process enables the production of biogas from food waste with high efficiency, and the 

biogas can be further upgraded into biofuels. Anaerobic treatment plants utilize anaerobic diges-

tion to break down organic matter in the absence of oxygen and producing biogas as a renewable 

energy source and a nutrient-rich residue that is known as digestate. This process relies on a mi-

crobial ecosystem that converts organic substrates into methane and carbon dioxide and the di-

gestate serves as a valuable fertilizer or soil improver (Alengebawy et al., 2024; Jacob et al., 2025). 

Anaerobic digestion helps to make waste management more sustainable when use of landfills is 

avoided. This can reduce uncontrolled methane emissions and contribute to climate change miti-
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gation and at the same time, biogas production supports renewable energy goals. Digestate recy-

cling promotes nutrient recovery and makes anaerobic treatment plants an essential part of circu-

lar economy strategies (González et al., 2022). 

Paperboard products can contain coatings or chemical additives, those unwanted components, in 

respect to anaerobic digestion, hinder anaerobic digestion or lead to harmful byproducts during 

processing of biogas (Gonzalez-Estrella et al., 2017; Zhang et al., 2015). Additionally, fiber-based 

waste alone has typically high lignocellulosic content which makes it more resistant to microbial 

breakdown and potentially prolong the digestion time, which leads to reduced biogas production 

efficiency (Song et al., 2021). To optimize biogas yield, the overall composition of the feedstock 

must be carefully balanced. An option for the feedstock optimization is through co-digestion with 

other organic materials that are more easily degradable. Such material is for example food waste 

(Dhull et al., 2024). Including fiber-based packaging material together with food waste can be ben-

eficial, as it can help to create balanced feedstock and to support efficient biogas production. This 

approach can improve process stability and methane output and ensure that anaerobic digestion 

remains an effective and sustainable waste-to-energy solution.  

When feedstock quality is well maintained, more stable and efficient biogas production can be 

achieved, because substrate characteristics, such as solids content, C/N ratio, particle size also 

strongly influence hydrolysis rates, microbial community dynamics, and methane yields (Ibrahim 

et al., 2025; Tomczak et al., 2024). In optimization of biogas production efficiency and to maintain 

feedstock quality, a proper waste segregation and handling are essential. Equally important is col-

laboration among waste management authorities, waste producers, and biogas plant operators to 

secure consistent supply chains and to ensure the successful implementation of a waste-to-energy 

system while meeting the regulatory and performance targets (Ibrahim et al., 2025; Singh et al., 

2022).  

Some authors have stated that for instance bioplastics can actually benefit biogas production by 

improving the carbon-to-nitrogen balance. Ongoing research is exploring different ways, how to 

make certain polymers degrade more easily and become better suitable for home composting as 

well. This could enhance both biogas production and anaerobic digestion overall (Eissenberger et 

al., 2023).  
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When food contaminated fiber based packaging is used as a raw material for anaerobic digestion, 

dedicated infrastructure is required, including separate collection and preprocessing (sorting, de-

packaging, cleaning, and removal of non-biodegradable contaminants), to produce a slurry com-

patible with digester technology and to mitigate process inhibition associated with lignocellulosic 

recalcitrance (Environmental Protection Agency, 2021; Gonzalez Estrella et al., 2017; Song et al., 

2021). Contamination control is essential. Plastics, metals, and trace chemicals can impair micro-

bial activity, accumulate in digestate, and pose operational risks, underscoring the need for sys-

tematic screening and pretreatment prior to digestion (Environmental Protection Agency, 2021). It 

is essential also to manage the digestate through processes such as separation, hygienization and 

post-composting in a proper way. Thus, the value of the digestate is preserved and environmental 

standards met. This emphasizes the need of continuous monitoring and quality control throughout 

the entire process chain (Ibrahim et al., 2025; Singh et al., 2022). 

Anaerobic digestion (AD) is recognized as a form of organic recycling under the EU Packaging and 

Packaging Waste Regulation (PPWR), there is currently no dedicated European standard that spec-

ifies detailed requirements for biodegradation, disintegration, and digestate quality in AD pro-

cesses. The PPWR acknowledges organic recycling, which includes composting and anaerobic di-

gestion, as recovery options for packaging waste but does not provide technical specifications for 

AD beyond general sustainability criteria (European Commission, 2024).  

8 Regulatory frameworks 

8.1 Single-use plastic directive 

The EU Single-Use Plastics Directive (SUPD) 2019/904 is primarily aimed at reducing plastic pollu-

tion, but it has significant implications also for fiber-based packaging materials. The directive de-

fines ‘plastic’ broadly, including polymer coatings that are applied to paperboard products (Euro-

pean Commission, 2021). The final product falls within the scope of the directive, when product is 

considered to be such composite product that is made partly of plastic, when a plastic coating or 

lining is applied to paper or board-based material to provide protection against water or fat. (Euro-

pean Commission, 2021) Consequently, items such as paper cups or foodservice containers with 

plastic coatings are thus subject to restrictions, labeling requirements, and extended producer re-

sponsibility (EPR) fees (European Commission, 2021; European Commission, 2022b).  



38 
 

 

This regulatory pressure has accelerated innovation towards fully fiber-based solutions and alter-

native barrier technologies, such as water-based coatings and biodegradable polymers. These 

products aim yet to maintain functionality while ensuring compliance. However, the sustainability 

benefits of such packaging materials depend not only on their design but also on the availability of 

appropriate end-of-life management systems. (Van Eygen et al., 2018) SUPD therefore acts as a 

‘catalyst’ for the development of plastic-free fiber packaging. It reinforces the need for robust end-

of-life strategies and the transition to circular and sustainable packaging systems within the EU 

market (European Commission, 2021; European Commission, 2022b). 

8.2 Packaging and Packaging Waste Regulation 

The European Union’s Packaging and Packaging Waste Regulation (PPWR) introduces comprehen-

sive requirements for packaging sustainability, with significant implications also for fiber-based 

materials. The regulation entered into force on February 12, 2025, and will apply from August 12, 

2026, with sequential requirements applying until 2030 and beyond. Its primary objective is to en-

sure that all packaging placed on the EU market is recyclable by 2030 and recyclable at scale by 

2035, meaning it must be widely collected, sorted, and processed (European Commission, 2025). 

To achieve this, PPWR establishes recyclability performance grades: Grade A for packaging with at 

least 95% recyclability, Grade B for 80%, and Grade C for 70%. Packaging that falls below 70% recy-

clability will be prohibited from 2030 (ERP Recycling, 2025). 

Compostable packaging under PPWR is permitted only in specific cases where it provides a clear 

environmental benefit, such as biowaste collection (European Bioplastics, 2025). By 2028, certain 

items, including sticky labels on fruits and vegetables, tea and coffee bags, and specific filter mate-

rials, must be compostable and comply with the EN 13432 industrial composting standard (Euro-

pean Bioplastics, 2025). The European Commission will request harmonized standards for com-

postable packaging by February 2026 to ensure technical specifications are consistent across 

Member States (ERP Recycling, 2025). Compostable packaging is exempt from minimum recycled 

content requirements for plastics, but Member States may impose additional rules for home com-

posting and joint collection with biowaste (ERP Recycling, 2025). Importantly, compostable materi-

als must not disrupt recycling streams, and mixed systems combining compostable and recyclable 

components are discouraged (InNaturePack, 2025). 
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Fiber-based packaging is strongly supported under PPWR due to its high recyclability rate. For 

food-contaminated fiber packaging, recycling efficiency decreases significantly when contamina-

tion is heavy. In such cases, PPWR encourages organic recycling through composting, provided the 

material meets compostability standards (European Bioplastics, 2025). Additionally, fiber packag-

ing that incorporates plastic coatings must adhere to strict limits. Under the regulation's minimum 

recycled content requirements for plastic packaging, packaging components comprising a maxi-

mum of 5% of the total packaging mass are exempt from the recycled content mandates (ERP Re-

cycling, 2025). Furthermore, the regulation bans the use of PFAS and other restricted chemicals 

from August 2026 onward. 

To ensure compliance, PPWR recommends a structured approach when selecting an end-of-life 

alternative for fiber-based compostable packaging. First, recyclability should be prioritized when-

ever possible. When aiming for compostability, certification under EN 13432 is required (European 

Bioplastics, 2025). Manufacturers must avoid mixing compostable and recyclable fiber streams, 

eliminate PFAS and other restricted substances, and provide clear labeling to guide consumers on 

proper disposal (EPR Recycling, 2025).  

Table 5 summarizes the conditions representing different states of fiber packaging (clean, food-

contaminated, plastic-coated, compostable, or containing restricted chemicals) and the preferred 

disposal route, indicating whether the packaging should be recycled, composted, or redesigned. It 

also explains the rationale for each route based on EU PPWR requirements. As shown in table 5, 

under the PPWR framework, recycling is prioritized as the preferred disposal route for fiber-based 

packaging whenever feasible, including clean and lightly contaminated items and those with plas-

tic coatings up to 5% by weight. Composting is permitted only for EN 13432-certified packaging in 

biowaste streams or when heavy food contamination significantly reduces recycling efficiency. 

Packaging that exceeds the 5% plastic threshold or contains restricted substances such as PFAS is 

considered non-compliant and must be redesigned. Overall, PPWR emphasizes maximizing recy-

clability, minimizing contamination, and eliminating harmful chemicals to support circular econ-

omy objectives. 
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Table 5. Decision Matrix for Fiber-Based Packaging Disposal under PPWR (Adapted from PPWR 

compliance guidelines; ERP Recycling, 2025; European Bioplastics, 2025b) 

Condition Preferred Disposal 
Route 

Reasoning under PPWR 

Clean fiber packaging (no 
food residue) 

Recycling Meets recyclability targets; fiber recy-
cling is widely available. 

Light food contamination 
(e.g., crumbs) 

Recycling Minor contamination is acceptable; pri-
oritize recycling over composting. 

Heavy food contamination 
(e.g., greasy pizza box) 

Composting (if EN 
13432 certified)  

Recycling efficiency drops; composting 
allowed for biowaste-compatible items. 

Fiber packaging with plastic 
coating <5% 

Recycling Still classified as recyclable under PPWR 
if plastic ≤5% by weight. 

Fiber packaging with plastic 
coating >5% 

Neither (Redesign) Non-compliant; must be redesigned to 
meet recyclability thresholds. 

Compostable fiber packag-
ing (EN 13432) 

Composting (specific 
streams) 

Allowed only for biowaste-related ap-
plications; must not disrupt recycling 
streams. 

Contains PFAS or restricted 
chemicals 

Not allowed PPWR bans PFAS from Aug 2026; must 
eliminate these substances. 

 

9 Extended Producer Responsibility 

9.1 Extended Producer Responsibility (EPR) 

Extended Producer Responsibility (EPR) is an environmental policy framework that makes produc-

ers financially and, in some cases, operationally responsible for the end-of-life management of 

products and packaging they place on the market. The goal is to shift waste management costs 

away from municipalities and consumers and to encourage producers to design packaging that is 

easier to recycle, reuse, or compost (OECD, 2021a). 

EPR schemes involve fees paid by producers to cover collection, sorting, and recycling costs. These 

fees are often eco-modulated, meaning they vary based on material characteristics such as recy-

clability and environmental impact. This approach promotes sustainable packaging design, and 
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identifies those materials that hinder circularity (Joltreau, 2022). EPR has become a central compo-

nent of circular economy policies in the European Union and other regions and is supported by 

regulations such as the Packaging and Packaging Waste Directive (European Commission, 2025). 

Based on national legislation and aligned with the EU Packaging and Packaging Waste Directive, 

almost all EU Member States have introduced Extended Producer Responsibility (EPR) schemes for 

packaging material. However, implementation differs significantly across countries. In some Mem-

ber States, a single Producer Responsibility Organization (PRO) manages compliance, while others 

have a highly fragmented system with multiple PROs offering EPR services to producers. This di-

versity reflects the flexibility that is allowed under EU law for national adaptation of EPR require-

ments. (EUROPEN, 2025)  

In most EU Member States, to meet legal obligations under Extended Producer Responsibility 

(EPR), companies placing packaging on the market must register with an approved Producer Re-

sponsibility Organization (PRO) and participation in an EPR scheme is generally mandatory for 

market access. While the key principles are harmonized under EU law, specific requirements, such 

as registration procedures, reporting obligations, and fee structures, vary significantly between 

countries. Therefore, businesses must review and ensure compliance with each national regula-

tions and in each of their target markets. (Deutsche Recycling, 2024) 

Current ecomodulation criteria in most EPR systems primarily aim to improve the recyclability of 

packaging rather than the prevention of waste at its source. Packaging is generally considered a 

non-durable product that becomes waste after a single use. As a result, criteria related to 

product’s life time, such as durability, play a minimal role in fee modulation. An exception is when 

the focus is on reusable packaging products. For effective waste prevention, multiple use cycles 

and the avoidance of single-use packaging are essential. Thus, reusability is a critical criterion. 

However, several challenges can hinder the adoption of reusable systems. There are no binding 

reuse targets, and the current framework emphasizes recycling rates over the reuse and the lack 

of logistical infrastructure often makes single-use packaging more cost-effective. Implementing 

reusable systems would require robust return logistics, which are frequently absent. Without such 

return logistics systems, packaging rarely returns to producers, and heavier reusable packaging 

can even increase costs for producers (Sachdeva et al., 2021). In some cases, reuse can lead to 
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even greater environmental impacts due to factors such as transportation logistics and the energy 

and water required for washing. 

Figure 8 illustrates how Sachdeva et al. (2021) have stated how EPR fees could better support cir-

cular economy goals and the waste hierarchy. Currently, ecomodulation mainly focuses on recy-

cling and recovery, leaving prevention and reuse underemphasized. The desired shift is to align 

fees with environmental performance. There are lower fees for prevention and reuse, and higher 

fees for disposal. This approach would incentivize producers to design packaging that avoids waste 

and supports multiple use cycles, rather than relying solely on end-of-life recycling.  

 

 

Figure 8.  Waste hierarchy and ecomodulation of EPR fees (Adapted from Sachdeva et al. 2021) 

The criteria for EPR fees should also be easily understandable, auditable, and enforceable (OECD, 

2021b). Existing EPR frameworks emphasize end-of-life handling rather than promoting design 

strategies for waste reduction and reuse. In most EU countries, Extended Producer Responsibility 

(EPR) fees primarily cover downstream waste management costs, such as collection, transport, 

sorting, and recycling/treatment. These fees rarely address upstream measures like eco-design, 

reparability, or reusability. (Sachdeva et al., 2021) 
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9.2 Extended Producer Responsibility for packaging material 

Recent developments include compostable fiber-based alternatives, which promise enhanced sus-

tainability but may introduce new challenges in infrastructure and compliance. Extended Producer 

Responsibility (EPR) places both financial and operational obligations on producers for managing 

packaging materials at the end of their lifecycle. (European Commission, 2025; OECD, 2021b) EPR 

schemes aim to incentivize sustainable packaging design and reduce waste generation by imposing 

fees that are based on material type, recyclability, and environmental impact (OECD, 2021b). In 

foodservice packaging, where both fiber-based and plastic-based materials dominate, EPR fees can 

significantly influence the material selection and innovation (European Commission, 2025; OECD, 

2021b). As mentioned, EPR fees are typically eco-modulated, meaning they vary according to recy-

clability, material complexity, toxicity, and environmental performance (European Commission, 

2025; OECD, 2021b). Materials that are easily recyclable have generally lower fees, whereas multi-

layer plastics and composite structures have higher charges due to limited recycling options and 

possible challenges in sorting (OECD, 2021b).  

Eco-modulation within EPR schemes promotes sustainable design choices by rewarding recyclabil-

ity and penalizing those materials that hinder resource recovery (European Commission, 2025; 

OECD, 2021b). Compostable materials can receive preferential treatment under some EPR pro-

grams. However, it is required that they meet recognized standards such as EN 13432 for indus-

trial compostability. Modulation remains complex because compostable packaging requires spe-

cialized facilities, and its environmental benefits depend on proper collection and processing 

systems. (European Commission, 2025) The presence of hazardous substances, such as PFAS, can 

further increase fees because these substances should be avoided (European Commission, 2025; 

OECD, 2021b) and their presence can contaminate recycling streams (European Commission, 

2025). Additionally, packaging that incorporates recycled content often qualifies for fee reductions 

because it aligns with circular economy objectives (European Commission, 2025; OECD, 2021b).  

As already mentioned, the level of EPR fees can vary significantly depending on whether the fiber-

based packaging is recyclable or compostable. Recyclable fiber packaging can integrate well into 

existing collection and recycling systems, which generally results in lower fees and compostable 

fiber packaging can receive discounts if it meets certain criteria (OECD, 2021b). However, the lack 

of industrial composting infrastructure in many regions may limit their practical advantage (Dolci 
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et al., 2025). For example, the conditions required for the biodegradation of polylactic acid (PLA) 

are not met in several composting plants (Dolci et al., 2025, p. 52). In practice, the lack of infra-

structure in many regions may limit the realization of these discounts (Dolci et al., 2025), which 

can lead to fees remaining at the same level or even increasing compared to recyclable alterna-

tives. Eco-modulation within EPR systems rewards actual recyclability or compostability in prac-

tice, not merely technical properties, which highlights the importance of compatibility between 

packaging design and waste management systems (Joltreau, 2022; OECD, 2021b).  

Comparative studies indicate that plastics outperform fiber-based materials in terms of durability 

and shelf-life, whereas fiber-based options excel in biodegradability and offer benefits in carbon 

footprint reduction (Dolci et al., 2025, p. 3). Plastic packaging, particularly multi-layer films and 

rigid containers, have significantly higher EPR fees due to their low recyclability (Joltreau, 2022). 

While plastics offer superior durability and barrier properties, their environmental footprint and 

end-of-life challenges can result in higher costs under EPR schemes (Dolci et al., 2025, p. 1). By 

contrast, compostable fiber-based alternatives align better with circular economy principles, but 

may require systemic changes in waste management infrastructure (Dolci et al., 2025, p. 2, 52).  

Regulatory trends impact design choices seem to be pushing manufacturers towards biodegrada-

ble coatings materials and compostable solutions. However, functional requirements for foodser-

vice packaging often require barrier coatings or laminates, which can hinder recyclability and com-

postability. Fiber-based packaging is increasingly favored under EPR frameworks due to its high 

recyclability and renewable origin. These materials often fall into the lowest fee levels because 

they seem to integrate well with existing recycling systems, even if those may require systemic 

changes in waste management infrastructure. (Kathuria & Zhang, 2022).  

10 Stakeholders 

Stakeholders in different stages of lifecycle of product’s value chain should be considered to en-

sure a comprehensive understanding of the end-of-life alternatives for fiber-based packaging for 

foodservice. Figure 9 illustrates the stakeholder interactions throughout the lifecycle of fiber-

based packaging under PPWR. Figure highlights the roles of packaging manufacturers, foodservice 

operators, and representatives of waste management and biogas plants, while showing oversight 

by regulatory authorities and producer responsibility organizations (PROs). Figure 9 emphasizes 
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collaboration across the whole value chain to ensure compliance with technical, economic, and 

regulatory requirements.  

  

Figure 9.  Stakeholders Throughout the Life Cycle of Fiber-Based Packaging  

Different stakeholder groups play specific roles in the fiber-based packaging value chain and pur-

sue objectives that are aligned with their responsibilities. Packaging manufacturers focus on prod-

uct development and compliance with compostability and EPR requirements. Foodservice opera-

tors aim to address practical sorting challenges and procurement decisions. Waste management 

and biogas plants evaluate the suitability of packaging for composting and anaerobic digestion. 

Whereas authorities concentrate on regulatory impacts and end-of-life solutions. Producer Re-

sponsibility Organizations manage EPR fees and clarify their implications for compostable packag-

ing. A complete lifecycle assessment of fiber-based packaging depends on considering the views of 

all stakeholders, from material producers to end-of-life operators, to provide a truly holistic under-

standing of viable end-of-life alternatives. Table 6 presents the stakeholder groups and their roles 

in the value chain. 
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Table 6. Stakeholders and their Objectives in value chain 

Stakeholder Group Role in Value Chain Objective 

Packaging Manufacturers 
Product development and 
manufacturing 

Understand the importance of com-
postability, the impact of EPR fees, 
and development challenges. 

Foodservice Operators 
Use and sorting of packag-
ing 

Identify practical challenges in sorting 
and the influence of compostability 
on procurement decisions. 

Waste Management & Bi-
ogas Plants 

Biowaste processing and 
biogas production 

Assess the suitability of fiber-based 
packaging for composting and anaero-
bic digestion. 

Authorities Regulation and guidance 
Understand the impact of legislation 
and identify development needs for 
EoL solutions. 

Producer Responsibility 
Organizations 

Management of EPR fees 
Clarify how EPR fees are determined 
and their implications for composta-
ble packaging. 

 

11 Findings and discussion  

In Europe, regulatory frameworks such as the Single-Use Plastics Directive (SUPD) and Packaging 

and Packaging Waste Regulation (PPWR) are reshaping the responsibilities of producers through 

mechanisms like Extended Producer Responsibility (EPR). These frameworks are reshaping the 

packaging and food industries by promoting circular material use and promoting environmental 

performance standards. Therefore, there is a growing demand also for sustainable packaging solu-

tions to enhance the transition from conventional plastics to fiber-based materials for foodservice 

packaging materials. Although fiber-based packaging is often considered preferable to plastics, its 

environmental and economic performance largely depends on end-of-life management.  

The purpose of this thesis was to collect and summarize insights on end-of-life options for com-

postable fiber-based foodservice packaging materials, as well as the factors influencing these al-

ternatives. 
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Regulatory challenges 

Current EU legislation (SUPD, PPWR) does not necessarily fully address the unique position of 

compostable fiber-based packaging, which often falls between recyclable and biodegradable cate-

gories. The prioritization of PPWR is to enhance recyclability as the default requirement, and com-

postable packaging must not disrupt recycling systems. Another aspect to consider in respect to 

compostable fiber-based packaging materials is, that SUPD (Single-Use Plastics Directive) and 

PPWR are complementary. However, SUPD mainly targets plastic items, while PPWR covers all 

packaging types. Thus, compostable fiber-based packaging may fall into a gray area because it is 

neither fully recyclable nor fully exempt under SUPD.  

Economic implications 

The costs associated with different end-of-life alternatives for foodservice packaging vary signifi-

cantly depending on factors such as used raw material types, local waste management infrastruc-

ture, and implementation scale. Each disposal method presents specific economic, environmental, 

and logistical challenges. 

Recycling is often cost-effective for materials like paper and cardboard. However, due to food con-

tamination, foodservice packaging is no longer suitable for recycling or would increase processing 

expenses due to additional cleaning and sorting requirements. Composting biodegradable packag-

ing could be with lower costs when supported by established infrastructure. Although, the costs 

can rise if special conditions are needed for decomposition or if industrial facilities impose fees. 

Incineration generally incurs high costs because of specialized facilities, yet energy recovery can 

partially offset these expenses. 

Traditionally, consumers have had financial and logistical responsibilities associated with the recy-

cling and disposal of packaging materials. Extended Producer Responsibility (EPR) legislation real-

locates this to manufacturers by imposing fees that contribute to the costs of waste management 

processes. Extended Producer Responsibility framework has differentiated fee structures and 

there are higher charges for materials such as plastics, which have more challenges in recycling 

and in contrast, the fees are lower for more easily recyclable materials, such as paper, glass, or 
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metal. Use of such materials that are easier to recycle can create economic motivators for produc-

ers to adopt more sustainable packaging alternatives.  

Unfortunately, regulatory uncertainty can create challenges for producers and waste managers as 

Extended Producer Responsibility (EPR) fees for compostable fiber-based packaging are yet un-

clear. Currently, compostable packaging does not automatically qualify for reduced EPR fees and 

in fact, those may even face higher fees unless future exemptions or differentiated fee structures 

are introduced. For compostable fiber-based packaging, the implications of these regulations can 

be complex, as the material often falls between categories of recyclable and biodegradable waste 

streams. There is a need to align packaging design with real waste management capabilities. Recy-

clable options fit existing recycling systems and usually have lower fees, and compostable packag-

ing may qualify for discounts under EN 13432 but this can be limited due to possible lack of exist-

ing industrial composting infrastructure. In practice, fees of the compostable packaging can 

remain high or even exceed those for recyclable alternatives unless exemptions or differentiated 

fee structures are introduced. 

Composting offers clear benefits and potential value for communities and downstream actors in 

the value chain. However, adopting such a compostable product concept is likely to increase pro-

duction costs of fiber-based packaging materials. It is therefore essential to consider where the 

added value for board producers and their customers originates. Particularly in justifying a possi-

ble increase in product prices. A critical question is whether customers could compensate these 

costs? One of the ultimate targets also should be that, when packaging is minimized or designed 

to be more recyclable with appropriate end-of-life alternative, financial benefits should not gain 

financial benefit only to producers but also to consumers who choose products with lower envi-

ronmental impacts compared to similar alternatives. 

Due to regulatory uncertainty and expected higher production cost, it could be speculated that the 

economic viability of compostable fiber-based packaging also depends on balancing between in-

creased production costs with potential savings from reduced EPR fees, but this would require dif-

ferentiated fee structures as reduced EPR fees for compostable alternatives. For these efforts to 

succeed, policymakers must ensure that fee structures remain transparent and that infrastructure 
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for composting and recycling is expanded. Without such systemic support, the potential benefits 

of compostable packaging will remain limited. 

Technical properties and research of compostable fiber-based materials 

A key difficulty in sustainable packaging design is in the trade-offs between functional require-

ments. To overcome such technical properties or specification limitations, manufacturers fre-

quently use multi-layered or composite structures. While effective for performance, these designs 

significantly hinder waste stream separation.  

Compostable fiber-based materials may lack moisture and oxygen resistance and provide weaker 

barrier properties compared to plastics, leading at the end to the need for coatings that can com-

promise compostability. When packaging is designed to biodegrade in controlled industrial com-

posting facilities often biodegradable polymer coatings are also used to enhance the barrier prop-

erties. However, packaging should never be intended to degrade in uncontrolled environments. 

Additionally, the cost considerations can be significant, as compostable fiber-based packaging ma-

terials generally entails higher raw material costs. As mentioned, these costs could be partially off-

set by Extended Producer Responsibility (EPR) fee reductions and growing consumer demand for 

sustainable solutions. These gaps highlight that there is a need to assess lifecycle cost considera-

tions already early in product research and development when making material choices. 

It is important to note as well that not all fiber-based packaging is suitable for composting or recy-

cling with food waste. Some fiber-based packaging may have coating materials, used ink types, or 

other additives that could hinder biodegradation or contaminate the compost. To ensure that fi-

ber-based packaging is compatible with food waste composting, it is essential to use packaging 

that is specifically designed to be compostable and also certified as compostable according to rele-

vant standards. Proper labeling and certification information on the packaging can help consumers 

and waste management facilities identify compostable materials correctly. 

More and more companies use the term ‘compostable’ to position their products as eco-friendly, 

reflecting the growing priority of sustainability and environmental concerns. For a product to be 
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truly compostable, it must be made from materials that fully decompose without leaving toxic res-

idues and meet the standards defined by relevant regulations. However, not all products claiming 

to be compostable are accepted by local councils. It is also important to note that packaging de-

signed for industrial composting may not be suitable for home composting, and some industrially 

compostable materials do not fit into general waste management systems. Therefore, always the 

proper disposal by end-users is essential. 

Although fiber-based packaging is often considered preferable when compared to plastics, its envi-

ronmental and economic performance largely depends on end-of-life management. Inefficient dis-

posal or recovery processes, or misalignment with regulatory frameworks, can decrease expected 

sustainability benefits. Therefore, these factors must be addressed already during the product de-

velopment stage through a comprehensive evaluation of end-of-life (EoL) strategies. 

The growing gap in EPR fees between fiber-based and plastic packaging is accelerating material 

substitution and innovation. There is interest in mono-material fiber solutions and exploring com-

postable technologies to reduce compliance costs and meet sustainability targets. As stated be-

fore, also the Extended Producer Responsibility fee is intended to encourage producers to con-

sider environmental factors already during the design and manufacturing stages of product 

development. The goal is to reduce the overall environmental impact of products throughout their 

entire lifecycle, from production to end-of-life. 

Compostable fiber-based materials in waste streams 

Compostable fiber-based packaging offers a viable alternative to conventional plastics, particularly 

for single-use foodservice. Fast-food package waste is for instance the waste generated from the 

containers, wrappers, cups, and utensils that are used as packages and to serve fast-food items in 

restaurants, cafes, etc. This type of waste can make significant environmental challenges due to its 

volume, single-use nature, and potential for littering. As already discussed, the challenge of fiber-

based packaging material in waste streams is that due to food contamination, foodservice packag-

ing often becomes non-recyclable. There may be too much food leftovers and packaging material 

has become soggy and wet. Thus, the fiber-based packaging material is not anymore allowed to be 

put in carton bin together with cartonboard, but instead a better route would be to dispose it with 
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mixed waste, where everything goes to incineration. But as discussed earlier, what if such fiber-

based packaging material would instead follow other biowaste fractions that would allow an or-

ganic recycling scheme? In that case the fiber is maybe not recycled as fiber but at least used as 

raw material to produce compost or biogas and digestate to be further treated to create nutrient-

rich compost for agricultural use or soil improvement. Fiber-based packaging can be produced to 

be biodegradable, meaning it can naturally break down into organic materials over time. When it 

is together with food waste, both the packaging and the food waste could be composted together, 

that can promote a more sustainable waste management approach.  

There are already fiber-based packaging materials that are certified as compostable. This means 

that they meet specific standards for biodegradation in a composting environment. When com-

posting food waste and fiber-based packaging together it can help create nutrient-rich compost 

that can be used as a natural fertilizer for plants and soil. The increased use of compostable fiber-

based packaging for foodservice can help to reduce contamination in organic waste streams, when 

having compostable packaging instead of non-compostable packaging which may hinder compost-

ing process and result in lower-quality compost if non-compostable packaging is mixed with food 

waste. 

Fiber-based waste can be utilized for biogas production. When combined with other organic mate-

rials, fiber-based waste may become a valuable feedstock for biogas generation. 

Compostability of high yield pulps 

It is also important to note that the rate of biodegradation during composting depends on the type 

of fiber used in the board and the lignin content of the fiber type. High yield mechanical and 

chemimechanical pulps decompose slower as those retain higher levels of lignin compared to 

chemical pulps. This is because lignin interferes with cellulose breakdown, slows down the fiber 

decomposition and tends to form humus rather than degrading fully during composting. This re-

stricts the proportion of mechanical and chemimechanical pulps that can be used in board produc-

tion when compliance with compostability standards is required.  
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That said, research shows that adding structural materials such as fibers during composting can 

significantly improve the process and the quality of the final product. Fiber addition is an effective 

strategy for producing high-quality organic soil amendments as fibrous additives in compost en-

hance aeration and reduce compaction. Fibrous material also helps to maintain optimal moisture 

levels of the compost, which further accelerates microbial activity and decomposition. Fibrous ma-

terial also contributes to a balanced carbon-to-nitrogen ratio and improves nutrient retention in 

the compost. (Barthod et al., 2018)  

For this reason, it would be essential to adopt also a holistic perspective and consider the entire 

lifecycle of composting when defining compostability criteria. The question arises whether all fiber 

materials should fully biodegrade, if fibers are yet to be added to the compost at a later stage of 

the process? Addressing this requires evaluating not only the initial composting phase but also 

later steps to ensure that the material does not compromise the quality or safety of the final com-

post product. 

Recommendations and directions for future research 

A holistic approach that accounts for both material compatibility and regulatory requirements is 

necessary to ensure that the final product achieves product’s intended environmental and func-

tional objectives. When considering compostability and technical properties of packaging material, 

it is essential that not only the individual materials are evaluated separately, but to evaluate also 

what is the performance of the combination of those materials? For instance, what is the interac-

tion between the paperboard substrate and applied barrier coatings layer? Do those interactions 

have an influence or impact on disintegration, biodegradation rates, and compliance with estab-

lished standards. These factors will also determine whether the product will meet compostability 

standards criteria under industrial or home composting conditions. Furthermore, it needs to be 

evaluated does the material integration affects critical aspects such as food safety, barrier func-

tionality, and sustainability performance.  

Vinitskaia et al. (2025) highlight significant research gaps that are also relevant to this thesis. These 

include the absence of systematic environmental performance assessments, such as life cycle anal-

ysis (LCA), the frequent use of terms like ‘sustainable’ and ‘biodegradable’ without standardized 
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metrics, limited research on material convertibility and film formability after industrial processing, 

and a lack of studies evaluating real food preservation and shelf-life when using bio-based coat-

ings. When searching for literature this thesis, these research gaps can be agreed as a need for fur-

ther study. Vinitskaia et al (2025) have also highlighted, that there is yet absence of harmonized 

testing protocols for recyclability and biodegradability under different disposal conditions. This 

lack of standardization makes it difficult to verify environmental claims and ensure compliance 

across markets.  

Consumer demand for compostable products is strong and often based on the misunderstanding 

that such items will biodegrade anywhere. Improving consumer awareness and education is criti-

cal to the success of compostable packaging systems. Clear labeling and identification of com-

postable products and packaging is essential also for effective waste management. Informed con-

sumers are more likely to dispose compostable products correctly and thus contamination in 

waste streams can be reduced and ensured that these compostable materials reach appropriate 

processing facilities and end-of-life alternatives. Labels should provide required information to 

consumers and waste operators. Information in label should indicate that the material meets com-

postability standards and whether the material is suitable for industrial or home composting. By 

consistent labeling it is possible to prevent contamination of compost streams, support correct 

disposal behavior, and ensure that compostable items are processed in appropriate facilities. If 

there is no clear identification, compostable packaging may end up in recycling or landfills.  

Ensuring transparency and verification of compostability through standardized certification as well 

as proper labeling are essential to maintain system reliability. Fiber-based compostable packaging 

offers sustainability potential, but it needs to align with recycling compatibility, biowaste treat-

ment processes, and regulatory frameworks. Misleading claims about compostability and green-

washing practices are a significant risk. Example of misleading claim is labeling products as biode-

gradable without meeting recognized standards that can lead to failing to appreciate consumer 

trust. Misleading claims can also lead to more technical problems like contamination of compost 

streams and disturbances in the effectiveness of organics recycling programs.  

Collaboration between waste management authorities, waste producers, and biogas plant opera-

tors is essential for the successful implementation of such a waste-to-energy system. Fiber-based 
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packaging materials can technically fit into industrial composting and anaerobic digestion systems. 

While compostable fiber-based packaging can contribute to biogas generation, as discussed earlier 

its efficiency can be lower compared to pure organic waste streams. This suggests that integration 

into biowaste treatment requires clear guidelines and infrastructure adjustments. Thus, further 

discussion is still necessary among the stakeholders to understand how food-contaminated fiber-

based packaging materials can be utilized as raw materials for biogas production and is there any 

specific infrastructure required to support the processing, while identifying the most critical uncer-

tainty in this approach. It is important to note that using food-contaminated fiber-based packaging 

as raw material for biogas production can be more challenging than using clean organic waste due 

to potential contamination issues.  

To gather more insights into the effectiveness of circular economy initiatives and identifying possi-

ble barriers to large-scale adoption, future research could be done in form of semi-structured in-

terview approach. It is essential to capture a broad perspective on fiber-based compostable pack-

aging by involving all stakeholders, including policymakers, waste management operators, and 

consumers. A comparative study across different regions or regulatory environments could reveal 

how infrastructure, legislation, and cultural practices influence end-of-life management of com-

postable fiber-based packaging waste fraction. Another perspective could be to compare com-

postable fiber-based and plastic-based materials in industrial composting. Additionally, integrating 

qualitative interviews and quantitative methods, such as surveys or lifecycle assessments, more 

data would be provided for evaluating environmental impacts and economic feasibility. As the op-

erating environment is undergoing change, studies could also track changes in stakeholder atti-

tudes and industry practices over time.  

It is crucial to address the potential challenges related to infrastructure that enables proper collec-

tion of food-contaminated (compostable) fiber-based packaging. Equally important is to deter-

mine which entity should have the responsibility for developing and maintaining this infrastructure 

to ensure system functionality and compliance. If packaging material is compostable and can be 

collected together with biowaste without requiring separate infrastructure, then the question 

arises, should compostable items follow the same route as food waste, especially since separate 

food waste collection has already become mandatory? Infrastructure availability can still remain a 
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major barrier to the practical adoption of compostable packaging. This scarcity may leave single 

facilities serving large regions, resulting in high collection fees.  

12 Conclusion 

Consumer demands for compostable foodservice packaging are driving brands to revise their se-

lection to meet evolving legislation at local, state, and national levels. Developing products that 

support the circular economy is no longer optional, it has become a requirement. Modern circular 

economy principles require foodservice packaging to balance functionality with sustainability. Due 

to regional differences in waste management practices there is a need for harmonized standards 

and clear consumer guidance. Packaging must not only provide protection and mechanical 

strength but it must also integrate with existing recycling or end-of-life solutions. Developing fiber-

based solutions for compostable foodservice packaging involves navigating a complex set of re-

quirements that is shaped by regional regulations, certification standards, and limitations within 

existing waste management infrastructure.  

End-of-life alternatives, such as recycling, industrial composting, and anaerobic digestion, are criti-

cal for ensuring that fiber-based packaging contributes to circularity rather than becoming residual 

waste. Regardless of the chosen end-of-life pathway, it is important to prioritize the use of safer 

materials and chemicals to prevent contamination of recycling and composting systems, thereby 

ensuring the integrity and sustainability of waste management processes. Fiber-based packaging 

contaminated with food residues may end up in landfills or incineration if effective systems for col-

lection and processing are missing. Research shows that treatment options like anaerobic diges-

tion and industrial composting enable resource recovery through biogas and nutrient-rich com-

post. These alternatives enable to reduce greenhouse gas emissions compared to landfilling. 

Pathways for compostable fiber-based packaging material for foodservice depends on their inclu-

sion in biowaste collection and thus further to industrial composting or anaerobic digestion and 

biogas production.  

Innovations in coatings and barrier layers can improve compostability without compromising food 

safety or functionality. Early-stage product design should consider end-of-life pathways, ensuring 

compatibility with composting and anaerobic digestion processes. Effective development of com-
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postable packaging requires collaboration across the entire supply chain. Proper end-of-life man-

agement is required to achieve sustainability benefits offered by compostable fiber-based packag-

ing materials.  
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