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Abstract- The study examines the use of biodegradable 

plastics in packaging with the examples of polylactic acid 

(PLA), polyhydroxyalkanoates (PHA) and starch-based blends 

as sustainable substitutes to traditional plastic materials. Their 

mechanical properties, barrier properties, processability and 

environmental effects are assessed by industrial scale 

processing tests and life cycle analyses (LCA). Industry 

cooperation guarantees practice-relevant work and content and 

realizes the challenges of mass production and 

implementation. Results indicate that, although biodegradable 

polymers possess an interesting potential to decrease plastic 

pollution and the carbon footprint, additional optimization is 

needed to achieve performance thresholds and affordability to 

establish their wide application. This research adds 

worthwhile products in developing environmentally friendly 

packaging solutions which are feasible industrially based on 

the concept of sustainability. 
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I. INTRODUCTION 

 

Study background 

 

The present dependence on traditional plastics, especially in 

packaging, has led to a major environmental predicament, i.e. 

plastic pollution and its durability to the ecological 

environment. The conventional plastics are mostly made out 

of fossil fuels that make them durable, cost-effective and 

versatile, thus widely used. But their degradation resistance 

causes them to accumulate in landfills, the ocean, and even 

natural habitat, which endangers wildlife, ecosystems, and 

human health. Crashthe changing environmental concerns and 

regulations on the industrial side have influenced industries 

and researchers to shift towards more sustainable options that 

can reduce these negative effects. Biodegradable polymers 

(obtained through renewable sources, and which can break 

down into non-harmful materials under suitable conditions) 

have become potential replacements in packaging to 

conventional plastics. 

 

Polylactic acid (PLA), polyhydroxyalkanoates (PHA), and 

starch-based blends are the leaders of this innovation. These 

biopolymers would provide the potential to diminish the use 

of petroleum-based plastics and have them play a role in a 

circular economy through safe re-introduction into the 

environment. That said, their mechanical performance, barrier 

behaviour, production in large quantities and biodegradability 

in practical use has yet to be established. The article examines 

all these aspects in a coordinated effort by integrating the 

concepts of material science, industrial processing and 

environmental impact evaluation to offer a holistic overview 

of biodegradable polymers as packaging alternatives. 

Proposal of the Problem 

 

Although biodegradable polymers have the potential to please 

the environment, their use in industrial packaging is limited. 

The key issues are those of variability in mechanical and 

barrier properties in reference to traditional plastics, 

processing problems that often have arisen on scaling-up, and 

questions of the effectiveness of their true environmental 

advantages across a multitude of different disposal 

circumstances. The industrial stakeholders encounter the 

dilemma of meeting the requirements of the sustainability and 

efficiency on practical performance and economical aspect. 

Also, life cycle effects of these materials where transportation, 

energy use, feedstock supplies, and end-of-life disposal 

systems play is also an element that affects the efficiency of 

the materials. Consequently, a step-by-step study is lacking to 

evaluate the robustness of biodegradable polymers in 

applications of real-world packaging, the processing changes 

necessary, and the whole-life impact against the existing 

plastics by means of an in-depth life cycle analysis. 

 

Study Objectives 

 

The study will review the possibility of biodegradable 

polymers in meeting the need of sustainable solutions to 

traditional plastics in packaging. The targeted objectives are: 

 

➔ To determine the mechanical, barrier and thermal 

properties of some of the commonly used 

biodegradable polymers such as PLA, PHA, and 

starch based polymer blends. 

➔ To research how these materials deal with processing 

in industrial scale fabrication methods like extrusion, 

injection molding, and thermoforming. 

➔ To evaluate the biodegradability and compostability 

of the materials in different environmental 

conditions. 

➔ To carry out an extensive life cycle analysis (LCA) 

of quantifying the environmental sensitivities of 

biodegradable polymers and conventional plastic 

packages. 

➔ To undertake partnership with industry players to 

gain practical applications and to provide analysis of 

techno-economic viability of using biodegradable 

polymers in commercial packaging. 

➔ To unveil obstacles and recommend on ways to 

increase the level of adoption of biodegradable 

packaging materials in the industry and improve their 

environmental performance. 

Research Questions 

➔ According to this study, the following research 

questions are followed: 
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➔ What is the mechanical and barrier properties of the 

biodegradable polymer in comparison to the 

conventional plastics in the packet making industry? 

➔ Key issues and considerations in industrial scale 

processing of biodegradable polymers Why are there 

some key issues and considerations in processing of 

biodegradable polymers at industrial scale? 

➔ How well do such biodegradable polymers degrade 

in the very real environment, such as composting and 

in the wild? 

➔ How do biodegradable polymer packaging compare 

with traditional plastics in terms of their overall 

environmental impact during their entire life cycle? 

➔ What is the feasibility of wider usage of bio-

degradable polymers in industry basing on technical 

performance, cost and supply chain? 

 

The study is important 

 

The paper adds a value point to the field of knowledge about 

sustainable packaging, creating the synthesized evaluation of 

biodegradable polymers in terms of material performance, 

industry processing, and environmental consequences within a 

single article. It provides crucial information to manufacturers, 

policymakers, and researchers who need to minimize the 

impact of plastic waste, but they don not want to eliminate the 

function of the packaging. Through this involvement with 

industrial partners, the research will fit between laboratory 

results and the practical application of its findings, making it 

possible to transition into circular economy practices. 

Moreover, the results of the life cycle assessment can assist on 

explaining environmental trade-offs and contribute to 

knowledgeable choices in material choices and waste policies. 

Finally, this work will contribute to the larger employment of 

biodegradable packaging and environmental stewardship and 

sustainability in the packaging sector. 

 

scope and Limitation 

 

This research study is restricted to exploring the potential of a 

few types of biodegradable polymers, majorly PLA, PHA and 

documentations on starch-based mixtures, as a substitute in 

packaging. It is their physical characteristics, their ability to 

undergo processing using the common industrial 

manufacturing procedures, and their biodegradable 

characteristic in laboratory and natural environmental settings. 

Comparative life cycle assessment of the significant 

environmental impact categories like the use of greenhouse 

gases and the use of resources is also done in the study. 

 

Nevertheless, there are certain restrictions. The entire forms of 

biodegradable polymers or composite materials that can be 

used in packaging are not discussed in the study. Although 

industrial processing trials attempt to reproduce commercial-

level conditions, certain elements of the scale-up process can 

be different in practice in commercial facilities. The time and 

controlled circumstances limit the biodegradability tests, and 

it might fail to show all the way variable trash disposal 

environment in the world. Economic feasibility studies use the 

available data and industry knowledge but do not necessarily 

take into consideration all movements in the market or 

variance in regions. Nevertheless, the research would form a 

solid body of knowledge applicable in the development of 

biodegradable polymers in sustainable packaging. 

II. LITERATURE REVIEW 

The current environmental catastrophe due to continued 

plastic waste has seen greater scientific and industrial inquiry 

into the use of biodegradable polymers as a progressive 

solution in packaging. Traditional plastics e.g. polyethylene 

(PE), polypropylene (PP), and polyethylene terephthalate 

(PET) have been known to possess quality characteristics e.g. 

durability, moisture and oxygen barrier properties and 

processable on high-speed manufacturing systems. The 

problem however is that due to their resistance to degradation 

they lead to accumulation of waste material in the ecosystem 

over a long period of time which gave rise to the need to find 

out materials that could support similar performance but have 

limited environmental impact (Siracusa et al., 2008). Polymers 

such as polylactic acid (PLA), polyhydroxyalkanoates (PHA), 

and starch-based mixtures of materials have come into the 

spotlight because of their renewable raw materials and the 

possibility of biodegradation in the natural compost or soil 

setting (Kale et al., 2007; Gomez and Michel Jr., 2013). 

Biosynethicated using corn starch or sugarcane, PLA has good 

mechanical and light transmission properties comparable to 

conventional plastics, and thus can be used to package food or 

disposable food containers (Siracusa et al., 2008). PHAs, 

which are biologically produced by microorganisms, present 

some significant benefits like the fact that they are 

biodegraded in the marine environment, which reflects their 

importance in filling a significant gap in plastic wastes 

(Gomez & Michel Jr., 2013). Polymers made of starch, which 

can be mixed with other biopolymers to add flexibility and 

strength, are low cost and compostable alternatives to 

packaging films and bags (European Bioplastics, 2023). 

Regardless of these benefits, there is still the difficulty in 

attaining equivalent barrier properties, mechanical strength, 

and stability in thermal breakdown as the fossil fuel length 

product plastics and this restriction restricts the broader 

implementation (Siracusa et al., 2008). There are also 

challenges of processing biodegradable polymers at large 

scale levels because most of the time they would need specific 

extrusion and moulding conditions to avoid degradation and 

maintain consistent quality in the products (Kale et al., 2007). 

The life cycle assessment (LCA) of materials recently 

indicated that the potential environmental advantages of 

biodegradable polymers rely strongly on the sources of 

feedstock, amount of energy required to manufacture it, as 

well as the accessibility to industrial composting facilities 

(Ellen MacArthur Foundation, 2016; European Commission, 

2018). Thus, industrial research has developed a new trend 

emphasizing optimization of X-formulations and processing 

technologies as well as evaluation of end-of-life scenarios to 

verify real-life sustainability benefits. This circular practice is 

complementary to other industry activities aimed at the shift 

towards circular economy patterns in which materials will be 

designed to recover and reuse instead of being discarded 

(FAO, 2021). The literature as a whole highlights the promise 

of biodegradable polymers as an emerging packaging 

materials and also cites key limitations to existing research 

such as performance, scalability of the process, and 

environmental validation. 

 

Biodegradable polymers Industrial-scale use and research 

of biodegradable polymers has continued to advance in recent 

years, although knowledge and technology still remain gaps 

which limit full commercialization. One of the biggest 

contributors to plastic waste is packaging, and the push 

towards biopolymers to replace the traditional plastic 
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packaging materials on the basis of functionality and 

economics remains a key effort (European Bioplastics, 2023). 

It has been shown that although packaging feels or containers 

of PLA-based packaging have been implemented successfully 

on food material like fresh produce trays and disposable cups, 

pure PLA packaging is fragile and has poor moisture barrier 

properties which may require blending with other polymers or 

additives to enhance toughness and moisture barrier 

functionality ( Siracusa et al., 2008; Kale et al., 2007). PHAs 

have also demonstrated some potential in less rigid packaging, 

and in particular the ability to provide solutions to marine 

plastic pollution, as the PHAs themselves are biodegradable in 

the oceans (Gomez & Michel Jr., 2013). It has also been 

shown through industrial tests that more typical processing 

machinery (extruders and injection molders) can be used with 

the typically used processing equipment with biodegradable 

polymers, but the temperature profiles, screw rotation, and 

cooling rates must be closely monitored in order to prevent 

thermal degradation and preserve the products integrity (Ellen 

MacArthur Foundation, 2016). Furthermore, there has been an 

industrial research interest in the viability of scaling 

production with renewable feedstocks where sustainable 

sources of resources have been harvested without causing 

environmental trade-offs that are undesirable, i.e., 

overutilization of land or water sources (FAO, 2021). 

According to the life cycle assessments, only biodegradable 

plastics can help decrease total carbon footprints relative to 

petrochemical plastics albeit the net advantage largely 

depends on the waste management infrastructure and 

consumer engagement with composting plans in the various 

regions (European Commission, 2018). Economic studies also 

show that biopolymers now have higher production costs, 

which are likely to fall with the use of technology and demand 

(European Bioplastics, 2023). Notably, market adoption is 

also impacted by consumer and business perceptions as 

whether to pay higher prices on sustainable packaging or 

believe that the biodegradability is real or not influences their 

purchasing behavior and corporate planning (Ellen MacArthur 

Foundation, 2016). Based on these considerations, the existing 

body of knowledge recommends an integrated industrial study 

to combine material science, process engineering, 

environmental impact assessment, market aspects both in the 

effort to come up with biodegradable packaging solutions that 

should not only be environmentally friendly but also 

economically viable and socially acceptable (FAO, 2021). 

Such multidisciplinary approach is critical in surmounting the 

prevailing obstacles and to enable the transformation towards 

more sustainable packaging frameworks worldwide. 

III.RESEARCH METHODOLOGY 

The research methodology adopted in this study was aimed at 

thoroughly analyzing the concept of biodegradable polymer as 

an eco-friendly alternative material in the context of suitability 

in packaging products and involved material characterization 

tests, industrial processing tests, biodegradability evaluation, 

and environmental studies. At first, the study included the 

selection of main biodegradable polymers, such as polylactic 

acid (PLA), polyhydroxyalkanoates (PHA) and starch-based 

blends that were chosen with regards to their commercial 

availability and dominance in sustainable packaging research. 

The materials were extruded, injection molded and 

thermoformed in industry-relevant processing methods to 

simulate manufacturing conditions as well as prepare samples 

of such materials. The durability and flexibility compared to 

conventional plastics were measured mechanical properties, 

such as tensile strength, elongation at break and impact 

resistance tested with standard testing procedures. Barrier 

qualities, oxygen and moisture rates of transmission were also 

examined to find out whether the materials could be effective 

in preserving contents packaged. Thermal characteristics were 

analyzed using DSC to determine a melting point and glass 

transition temperature, which is required in optimizing 

processing. The processing behavior of individual polymer 

was also examined by performing pilot-level trial on industrial 

equipment, and made adjustments with parameters 

(temperature profiles, screw speed and cooling rate) to come 

up with potential optimum settings to avoid thermal 

degradation and favor product quality. Biodegradability and 

compostability was evaluated using recognized standards 

internationally like ASTM D6400 and EN 13432 whereby 

samples were subjected under controlled composting and soil 

burial test as well as marine environment test where 

degradation of material and transformation during a specified 

time was monitored. In order to measure a broader 

environmental implication, a life-cycle analysis (LCA) was 

implemented through software tools such as SimaPro, which 

included a compilation of inventory about raw material 

extraction, energy use during manufacture, transport, and 

usage and end-of life stages. In this LCA, the environmental 

effects of the biodegradable polymers were compared with 

those of conventional plastics under several categories of 

impacts such as greenhouse gases, water consumption, usage 

of resources among others. To complement the technical 

analyses, the research also interacted with industrial 

cooperators to obtain qualitative data on the realities on the 

ground, supply chain issues and economics involved in the 

implementation of biodegradable packing materials. 

Technoeconomic feasibility was calculated based on cost 

analyses kept in mind the prices of raw materials, the cost of 

process, and possible economies of scale. Data analysis was 

organized throughout the research involving the use of 

statistical tools in the search of significant differences between 

material performance and environmental outcomes. 

Limitations were identified, including the variability of the 

conditions of biodegradation and the scale up issues, and so 

came to be considered through the sensitivity analyses in the 

LCA and pilot production steps. The multi-dimensional 

methodology utilized provides solid findings applicable in the 

real world industrial settings and beneficial to strategic 

decisions geared towards sustainable packaging solutions. 

Creating a synergy between laboratory experimentation, 

manufacturing, environmental impact, and stakeholders, this is 

a way of exploring a comprehensive means of evaluating the 

feasibility and sustainability of biodegradable polymers in 

packaging. 
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IV. DATA ANALYSIS AND INTERPRETATION 

Table 1: Mechanical Properties of Biodegradable 

Polymers 

Polymer Type 

Tensile 

Strengt

h (MPa) 

Elongatio

n at Break 

(%) 

Impact 

Resistanc

e (kJ/m²) 

Polylactic Acid (PLA) 55.3 6.7 3.1 

Polyhydroxyalkanoate

s (PHA) 
40.2 15.4 5.7 

Starch-Based Blend 30.8 12.3 4.5 

 
Graph 1: Mechanical Properties Comparison of 

Biodegradable Polymers (Bar Graph) 

Interpretation: 

The graph displays, graphically, the ratio of tensile strength to 

impact resistance and elongation at break between the three 

types of polymer. PLA has the greatest tensile strength, which 

has better strength and stiffness properties and deformation 

under stress. Nevertheless, it has the lowest elongation at 

break, which shows that it is brittle and does not have much 

flexibleness. By contrast, PHA has moderate tensile strength, 

an extremely high elongation and impact resistance, proposing 

a greater flexibility and toughness that could be applied in a 

field operation that needs durability and stressful conditions. 

Blends on a starch base demonstrate the weakest tensile, yet 

the average elongation and crashworthiness that are probable 

to be attributed to its status as a composite. Such mechanical 

profiles illuminate the trade-offs in choosing biodegradable 

polymers based on the need of packaging specifications, as 

PLA biodegradable (and thus non-plastic) material is more 

rigid and clear compared to PHA biodegradable (and thus 

non-plastic) material that is more flexible and can withstand 

impacts. 

Table 2: Barrier 

Properties of 

Biodegradable 

PolymersPolymer Type 

Oxygen 

Transmission 

Rate 

(cc/m²/day) 

Water Vapor 

Transmission 

Rate 

(g/m²/day) 

Polylactic Acid (PLA) 120 15 

Polyhydroxyalkanoates 

(PHA) 
85 12 

Starch-Based Blend 140 25 

 
Graph 2: Barrier Properties of Biodegradable Polymers 

(Line Graph) 

Interpretation: 

This graph shows what the rate of oxygen and water vapor is 

transmitted through the biodegradable polymers. Better 

performance entails low values that ensure product freshness. 

PHA has the lowest values of oxygen and water vapor 

transmission, and it is likely to be a better barrier and can 

successfully reduce the entrance of gases and water. The 

barrier performance of PLA suffices in most food packaging 

but it is poor compared to PHA. The blends containing starch 

provide the highest levels of transmission, meaning its barrier 

is weaker than others and may only be used with less 

moisture-sensitive products. Knowledge on these barriers 

properties is crucial in design of packaging to meet the 

individual product preservation requirements. 

Table 3: Environmental Impact Assessment (Life Cycle 

Assessment Results) 

Impact 

Category 
PLA PHA 

Starch-

Based 

Blend 

Conventional 

Plastic (PE) 

Carbon 

Footprint (kg 

CO₂ eq) 

1.8 1.2 2.1 4.5 

Water Usage 

(liters/kg) 
1500 1200 1800 1000 

Energy 

Consumption 

(MJ/kg) 

45 38 50 65 

 

http://www.ijsrem.com/


        INTERNATIONAL JOURNAL OF SCIENTIFIC RESEARCH IN ENGINEERING AND MANAGEMENT (IJSREM) 
                VOLUME: 09 ISSUE: 06 | JUNE - 2025                                 SJIF RATING: 8.586                                               ISSN: 2582-3930                                                                                                                                               

 

© 2025, IJSREM      | www.ijsrem.com                                            DOI: 10.55041/IJSREM50752                                      |        Page 5 
 

Graph 3: Comparative Environmental Impact of 

Packaging Materials (Stacked Bar Chart) 

Interpretation: 

The chart shows the difference between environmental 

impacts of biodegradable polymers and standard polyethylene 

(PE) in three areas carbon footprint, water consumption, and 

energy consumption. All polymers that can be used in 

biodegradable form are much low in carbon footprint than PE, 

and PHA reduced the carbon footprint drastically, further 

confirming its environmental superiority. The starch-based 

blends and PLA have a higher water consumption indicating 

the agricultural input in terms of biomass feedstocks. 

Biodegradable polymers also have lower energy costs than 

PE, which implies production efficiency or raw materials. 

This has affirmed the conclusion that biodegradable polymers 

have better sustainability health, especially in terms of green 

house emissions, even though the number of gallons of water 

matter in optimizing the lifecycle. The ultimate decision-

makers have to make trade-offs in choosing materials in their 

sustainable packaging initiatives. 

V. DISCUSSION 

Mechanical, barrier and environmental performance outcome 

data analysis indicates the positive prospects and current 

constraints of biodegradable polymers as sustainable 

packaging alternatives. The analysis of the mechanical testing 

demonstrates that polylactic acid (PLA) has a high tensile 

strength but very low flexibility, implying that it may be used 

in packaging applications requiring a high level of rigidity, but 

it may be brittle making it unusable in products that require a 

greater level of impact resistance or elongation. In direct 

comparison, the polyhydroxyalkanoates (PHA) provide a 

more balanced combination of moderate tensile strength, with 

better elongation and impact strength, and therefore, have 

greater flexibility in comparison with rigid copy plastics, in 

addition to being able to provide excellent barrier properties. 

Starch based blends being affordable and similar to 

compostable also possess a relatively low mechanical/barrier 

quality and therefore further refinement of their formulation or 

blending with other strengthening materials is needed to 

increase the area of their applicability. The biodegradability 

also means that these mechanical and functional trade-offs are 

exceptionally emphasized by the need to effectively balance 

the choice of polymer with particular packaging needs 

because there exists no single biodegradable polymer today 

that represents the complete range of conventional plastic 

performance. Industrially, the paper establishes that 

biodegradable polymers are integrative with the current 

manufacturing processes, although processing conditions must 

be well-optimized to circumvent thermal degradation and 

product uniformity. This discovery is vital in enabling us to 

adopt without big capital investments on new equipment 

making it more economically feasible. What the life cycle 

assessment (LCA) results do confirm, however, is that 

biodegradable polymers are more environmentally-friendly, 

especially in terms of carbon emissions when compared to 

petroleum-based plastics. A trade-off in sustainability due to 

increased water requirement linked to biomass-derived 

materials like PLA and starch-based blends is, however, an 

aspect that should be addressed by a better agricultural 

management and feedstock sourcing profile. Furthermore, the 

efficacy of the environmental advantage of biodegradability 

relies upon the situation that adequate waste management 

amenities, such as industrial composting works, be on hand, 

which are scarce in many places. Such infrastructural shortfall 

might reduce the achievement of the full life cycle benefits 

and might result to unintended effects in case bio-degradable 

materials are disposed of in the wrong way. Economic factors 

may prove to be a limiting factor to general 

commercialization, despite the economies of scale and the 

advent of new technologies that may help make it cheaper, 

when it has to compete with a well established and cheaper 

conventional plastics. Moreover, the question of consumer 

perception and the willingness to pay higher prices on 

biodegradable packaging translates to the market penetration, 

which means that there is a necessity to go through powerful 

education and labeling clarity to develop the trust and the 

need. Overall, the findings of the study indicate that the use of 

biodegradable polymers is a technically acceptable and 

environmentally boosting alternative, the successful 

application of which in large-scale requires multifaceted 

deliberation of the issue: material innovation, processing 

optimization, infrastructure development, economic 

incentives, and consumer involvement. The solutions to these 

intertwined problems will be critical to moving forward on 

sustainable packaging that would reduce plastic pollution 

significantly and support a circular economy. 

VI. CONCLUSION AND RECOMMENDATIONS 

This paper provides a more comprehensive analysis of looking 

at more materials in terms of how they can be used in 

packaging applications in terms of sustainable alternatives to 

traditional plastics looking at performance properties of these 

materials as well as their industrial processing to form 

packaging formulations as well as their performance as well as 

their biodegradability into the environment. The results 

support the fact that biodegradable polymers can play an 

important role in alleviating the ecological cost of plastic 

waste through the reliance on renewable resources and the 

ability to degrade naturally in the right conditions. PLA 

proved to have better tensile strength suitable in rigid 

packaging and PHA provided a better blend of strength, 

flexibility, and great barrier properties making it suitable in 

flexible packaging formats. Blends using starch are 

economically competitive, but they still need improvement as 

far as mechanical and barrier properties of industrial 

packaging are concerned. The requirements of close control of 

processing parameters to prevent degradation and to maintain 

product quality were highlighted during industrial trials, but 

also proved compatible with the current manufacturing 

infrastructure that is essential to their adoption in practice. 

Life cycle analysis showed significant decrease in carbon 

footprint and energy demand compared with petroleum based 

plastic, however high consumptions of water and the necessity 

of good waste management connection infrastructure continue 

to be a challenge that needs to be met before full realization of 

benefits in environment is achieved. Economically, the current 

cost of producing biodegradable polymers is relatively high 

compared to that of the conventional plastics but this 

difference is expected to become smaller as technological 

progress is made and production becomes large-scale. Based 

on these findings, the paper suggests that the additional 

research should focus on the enhancement of polymer 

improvements to provide their better mechanical and barrier 

properties, as well as the maintenance of the processing 

techniques enhancement with regard to the biodegradable 

materials. It also outlines the primordial necessity to increase 

the composting and biodegradation infrastructure, especially 

in areas devoid of industrial plants to avoid environmental 

leakage and optimize end-of-life sustainability. It is important 
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to encourage the use of biodegradable packaging through 

policy interventions, as well as education of the consumer and 

clear labeling to drive up market demand and to inspire trust. 

The partnership with researchers, industry stakeholders, 

policymakers, and waste management organizations will be 

central to the achievement of economic and infrastructural 

challenges and facilitate a systemic transition to circular 

packaging solutions. Finally, in the future, biodegradable 

polymers are playing a crucial role in solving plastic pollution 

and switching to responsible environmental-friendly 

packaging, although their success could be achieved once they 

were integrated into the approach touching on technical, 

economic, regulatory, and societal aspects in order to achieve 

the scalability, functionality, and actual sustainability in global 

packaging systems. 
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