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Life cycLe assessment 

of  (bio)degradabLe poLymers 

as a tooL to achieVe the goaLs 

of the circuLar economy

introduction

the european union (eu), producing more than 2.5 billion

tonnes of waste a year, has forced the european parliament to

take appropriate legal action and update waste management

regulations as well as promote the transition to a more

sustainable model known as the circular economy [1]. circular

economy “is a model of production and consumption, which

involves sharing, leasing, reusing, repairing, refurbishing and

recycling existing materials and products as long as possible”

[2]. this means use of raw materials more efficiently, reducing

ABSTRACT: Closed-loop economy initiatives in Europe are still at an early stage. Progress in its implementation in industrial sectors, however, requires
clarifying the concept from the perspective of balancing aspects covering environmental, economic and social issues, which may support the
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waste and contribute to more sustainable life cycles. furthermore, such materials could have a lower carbon footprint and, in some cases, may exhibit
more favourable material properties in many applications. The article is an attempt to show that a systematic, standardised approach to quantifying the
potential impacts of a product or process that takes from resource extraction to the end of a product life, such as life cycle assessment, can be an effective
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waste to a minimum, and extending the life cycle of products

through repeated use (repair, reuse, recycling) (see pic. 1). 

the principles of the circular economy are based on minimising

waste and pollution, streamlining the circulation of products

and materials in effect resource efficiency (countries depend

on raw materials, the world's population is growing, and the

supply of key raw materials is limited), and regeneration of

nature, including primarily reducing emissions of greenhouse

gases, and contributing to the preservation of biodiversity

(extracting and use of raw materials destroys environment 

and increases energy consumption and carbon dioxide (cO2)

emissions). in the long run, waste prevention, eco-design and

reuse can save businesses and consumers money. environ-

mental pressures will be reduced, security of supply of raw

materials will increase, and competitiveness and innovation of

companies and products will rise, resulting in economic growth.

thus, a circular economy can support the goals of reducing

overconsumption of natural resources while providing

economic benefits [2,3].

however, circular economy concept applied to real business

cases it is still at an initial stage. closed-loop business models

require industrial implementation that faces more barriers 

than enablers. circular economy is a management model and

a systemic way of thinking. it is a more complex issue,

supporting systems thinking as an integral part of the circular

economy concept [4,5]. despite various policy instruments to

accelerate the transition from a linear to a circular economy,

there are gaps in supply chains transparency, weak enforcement

of eu waste legislation, limited use of closed-loop criteria in

public tenders, and lack of standards and inconsistency in

requirements across policy areas. there is also a lack of label

of closed-loop products, knowledge-sharing platforms, business

partnerships, financial incentives, awareness-raising campaigns

and, above all, monitoring of progress towards circularity and

investment in upscaling promising innovations [6,7]. 

it is optimistic that european companies are increasingly

adopting closed-loop business models, however, focused 

mainly on operational efficiency and waste reduction (recycling,

energy recovery and waste management), and there is a shift

from product-based to service-based business models, but

corporate culture, market factors and system complexity seem

to be obstacles to this. nevertheless, co-design, production,

consumption, and reuse as part of the product life cycle are

still poorly implemented [7].

clarifying the concept of the circular economy from the

perspective of balancing environmental, economic and social

aspects and highlighting the knowledge gaps and aspects of

the framing, implementation and evaluation of circular economy

policies, as well as the importance of product-related aspects

such as eco-design, incentives for innovation, business models,

production and consumption trends are key to the success of

the transition, and economic, technical, quality, sustainable 

and management tools should support the transformation

process [8,9].
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PIc. 1. lINeAr ecONOmy VS cIrculAr ecONOmy mOdel
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pLace of (bio)degradabLe poLymers 
in the circuLar economy

green polymers, i.e. polymers in line with the concept of

sustainable chemistry, fit perfectly into a closed-loop economy.

products and processes that reduce or eliminate the use or

production of substances that are hazardous to humans,

animals, plants, and the environment are in line with the

concepts of pollution prevention and zero waste on both

laboratory and industrial scales. green chemistry encourages

the use of economical and environmentally friendly techniques

that not only improve efficiency, but also reduce waste disposal

costs at the end of a chemical process. however, green

polymers do not necessarily mean environmentally friendly or

bio-based polymers [10]. environmentally friendly, degradable,

or biodegradable polymers are aimed at providing materials

with specific, time-limited applications in various sectors,

especially in packaging and medical. however, more and more

research is being done on long-term applications such as

cosmetics packaging [11,12]. differences in the terminology of

environmentally friendly polymers are sometimes minor, but

important as they indicate their properties and define their

suitability and applications. According to the international union

of pure and Applied chemistry (iupAc) terminology [10],

degradable polymers are defined as “polymers in which

macromolecules are able to undergo chain scissions, resulting

in a decrease of molar mass.” Biodegradation is “caused by

enzymatic process resulting from the action of cells”, but in

vivo degradation resulting “only from hydrolysis by the water

present in tissues and organs” must be referred to as hydrolytic

degradation, while degradation taking place by isolated

enzymes, an in vitro abiotic process, is “degradation caused by

the catalytic action of enzymes” and is not considered

biodegradation. the prefix “bio” gives words a strictly defined

meaning (biomaterials, biopolymers, bioplastics, bio-based

polymers, biodegradation). Biomaterials are “materials exploited

in contact with living tissues, organisms, or microorganisms”;

such as bio-based materials “composed or derived in whole 

or in part of biological products issued from the biomass”

(plants) does not mean biodegradable materials, although 

they may be. Bio-based polymers have the same characteristics

as regular polymers and may have the extra benefit of having 

a lower carbon imprint on the environment. What is bio-based

is not necessarily biodegradable, and conversely not all

biodegradable polymers are bio-based. 

Biopolymers and bioplastics also differ significantly.

Biopolymers are macromolecules formed by living organisms

(including proteins, nucleic acids, and polysaccharides). they

always undergo microbial degradation as they are created by

nature, although they are not necessarily compostable. talking

about biopolymers, we limit ourselves only to natural polymers

[13]. According to european Bioplastics, a plastic material is

defined as a bioplastic if it is either bio-based, biodegradable,

or features both properties [14]. According to the American

society for testing and measurement (Astm) compostable

plastics are defines as “capable of undergoing biological

decomposition in a compost site as part of an available

program, such that the plastic is not visually distinguishable

and breaks down to cO2, water, inorganic compounds, and

biomass, at a rate consistent with known compostable

materials (e.g. cellulose), and leaves no toxic residue” [15]. in

individual countries, the conditions for both composting and

biodegradation are covered by specific regulations (defining

technological conditions in the form of technical standards)

[16].

(Bio)degradable polymers made from renewable or recycled

raw materials can help prevent and partially reduce waste 

and contribute to more sustainable life cycles. to produce such

polymers materials with lower carbon imprint is used, and 

the end product can be reused (to a lesser extent, e.g.

(bio)degradable polymer technological waste can be reused 

as an additive to make a new product) or recycled mainly

organically (turned into compost or biogas). (Bio)degradable

plastics could be a viable solution to decrease the impact on

climate change and may, in some cases, exhibit favourable

materials properties especially in medical applications. the use

of (bio)degradable polymers also has some drawbacks, such

as negative effects on agriculture – competition with food

production, higher costs, and still unclear regulation for the

end-of-life management of such polymers. there is also a lack

of financial incentives and efforts to move from niche polymers



(current production does not exceed 0.5% of the total plastics

production) to larger-scale market applications, which would

lead to a real sustainable impact [17,18].

not all conventional polymers should be replaced by

(bio)degradable polymers, but there are several key products

and applications that can enhance the benefits and contribution

of (bio)degradable plastics to the closed-loop economy such

as compostable plastic bags for bio-waste, fruit and vegetable,

lightweight shopping bags, coffee capsules and tea bags,

cosmetic packaging, compostable fruit labels, thin film

applications for fruits and vegetables packaging, dog poop

bags, or agricultural mulch films. compostable bio-waste bags

for the selective collection of organic waste (other compostable

bags can also be used for this purpose) reduce the rate of

misthrow of conventional plastics in the organic waste stream.

Organic contents (coffee or tea, cosmetics or oils leftovers,

and poop) or fruits and vegetables, and their packaging

(capsules, bags, bottles or jars, and thin films) or labels made

of fully compostable plastics are not an obstacle to composting

together [19]. therefore, biodegradable polymers should be

used mainly in agriculture, medicine, pharmaceutical sciences,

and packaging [11,12,20].

Bio-based and (bio)degradable polymers are erroneously

confused with each other as eco-friendly materials, while the

concept of their use differs significantly. (Bio)degradable

polymers have been developed from the viewpoint of

biodegradability in order to reduce plastics wastes, whereas,

for bio-based polymers, biomass is used just as the raw material

for production. nowadays, polymers are usually classified into

four main groups given their biodegradability and raw materials

origin [21,22]:

– non-biodegradable fossil-based polymers, e.g., polyethylene

(pe), polypropylene (pp), polystyrene (ps), poly(ethylene

terephthalate) (pet), or poly(vinyl chloride) (pVc);

– bio-based or partially bio-based non-biodegradable

polymers, e.g., bio-based pe (bio-pe), pp (bio-pp), or pet

(bio-pet); 

– polymers that are both (bio)degradable and bio-based, 

e.g., poly(lactic acid) (pLA), polyhydroxyalkanoates (phA)

such as polyhydroxybutyrate (phB) and poly(hydroxy-

butyrate-co-hydroxyvalerate (phBV);

– polymers that are based on fossil resources and are

(bio)degradable, e.g., polycaprolactones (pcL), poly(butylene

succinate) (pBs), poly(butylene adipate-co-terephthalate)

(pBAt), or poly(vinyl alcohol) (pVA).

the most common fossil-based polymers i.e., polyolefins (pe,

pp, etc.), pet, polyamides (pA6, pA66 etc.), have undoubtedly

contributed to the development of human society. however,

due to their non-biodegradability all fossil-based polymers 

are usually considered non-biodegradable. Whereas a lot of 

oil-based polymers are confused as non-biodegradable i.e., 

pcL, pBs, pBAt etc. are in fact biodegradable. it is because

these polymers possess ester bonds in chemical structure,

which are easily degraded in the appropriate environment 

or by some enzymes secreted by microorganisms. On the 

other hand, bio-based polymers are usually thought to be

biodegradable. however, 100% bio-pe is not biodegradable,

although is synthesised from bioethanol, which is produced 

as a fermentation of glucose process. As well as, non-

biodegradable bio-pet is produced from biomass with the use

of bio-based ethylene glycol (biomass content in bio-pet is

approx. 30%) [23]. therefore, polymers do not have to be

necessarily also (bio)degradable, since the (bio)degradability

feature of polymers depends on their chemical structure, not

the carbon source.

Life cycLe assessment

Life cycle assessment (LcA) is a systematic, standardised

approach to quantifying the potential environmental impacts

of a product or process (ecosystems, human health and

resources used) that occur from resource extraction to end of

life (cradle-to-grave) and can be an effective methodology for

implementing sustainability in the circular economy (cradle-to-

cradle). 

due to its quantitative approach, LcA accounts for all the

material, energy, emissions, and waste flows characterising

the system under investigation. it calculates the potential

environmental impacts associated with all the life cycle phases.
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the methodology is defined and regulated by the isO 14040

and 14044 standards [24,25]. the analysis shall be performed

following the principles of the four main steps:

1. goal and scope definition;

2. Life cycle inventory (Lci);

3. Life cycle impact assessment (LciA);

4. interpretation of results and improvement of the analysis.

in the first phase, the study goal and objective are defined,

specifying the methodological framework and the primary

approach of the study, defining several key aspects, such as

the system boundaries and the reference unit. the Lci step

lists and quantifies all the inputs and outputs flow, gathering

process data and information of all the considered life cycle

phases. the LciA step quantifies and accounts for the

environmental impact generated by all the life cycle phases,

starting from the process data gathered in the Lci step and

applying several impact assessment models to calculate the

potential burdens of the system on different environmental

categories and indicators. finally, in the interpretation and

improvement step, recommendations and conclusion are

outlined, the main critical points (i.e., environmental hotspot)

are identified, and suggestions on how to improve the LcA

analysis and, at the very end, the environmental impact of the

whole system are provided.

MeasuRing ciRculaRity witH lca

there are many different methodologies and metrics that can

be employed to measure circularity [26]. the recent isO

technical committee (tc232) has been established with the

intent to propose a common strategy for measuring circularity.

the aim of the technical committee is to develop new guidelines

to implement and assess circular economy strategies [27].

Although it is not yet clear how LcA-based methodologies can

be a consistent support for evaluating sustainability in the

context of circular economy, LcA has already been revealed 

as a powerful tool to assess the environmental performance

of a system from a holistic point of view, with an eco-design

perspective. this means that LcA can be applied to evaluate

the potential future environmental impact of a system at an

early-stage technological development, supporting future

decisions and development strategies. this feature of 

the LcA methodology is crucial for evaluating sustainable 

circular economies because it enables the assessment of

environmental performances and circularity of a system and

the comparison of different circular economy strategies. the

ability of LcA and LcA-based methodologies to bring a holistic

perspective and an environmental, social, and economic

evaluation into decision-making, put such methodologies in 

a pivotal role when providing robust technical support in 

terms of finding the trade-offs between a large set of 

impact indicators, assessing the overall sustainability of 

circular economy systems [28]. for instance, developing and

implementing a circular economy project that aims to 

replace single-use plastics in the eu should be supported 

by various technical information and findings considering 

all environmental, social, and economic consequences of

setting up such a flagship circular economy strategy [24].

however, it should be noted that several challenges need to be

faced and overcome for a robust application of LcA and 

LcA-based methodologies to support the decision-making in

the context of circular economy strategies [25].

lca of (bio)degRadable PolyMeRs

in recent years, the interest of the scientific community

regarding the application of LcA and LcA-based methodologies

to bio-based and (bio)degradable polymers raised massively.

performing an analysis of the life cycle sustainability of these

innovative products is pivotal for an auspicial decrease in the

future environmental impact of the polymer production sector,

ensuring a practical application of circular economy strategies.

several scientific papers, technical reports, and position papers

have been published in a very short time, and many essential

outcomes and evidence have been revealed [29-32].

One of the most important outcomes is provided by some

review papers on applying LcA to compare the environmental

impact of conventional fossil-based vs (bio)degradable

polymers. When considering the large amount of environmental

impact results and findings, it is broadly accepted that one of



the most specific outcomes is that there is a lack of agreement

on the real best-performing polymers, whether suggesting that

fossil-based is always worse than (bio)degradable in any impact

category [33,34]. this is mainly due to the different choices

made in the modelling set-up, particularly LcA assumptions,

the allocation method employed, and the definition of system

boundaries. the latter seems to be one of the key issues to be

addressed in order to properly assess the environmental impact

of (bio)degradable polymers. the importance of including the

end-of-life (eoL) phase in the LcA has been highlighted as

fundamental to having a complete carbon biogenic account.

in fact only the inclusion of eoL stage can assure a balance

between the carbon uptake taking place during the feedstock

cultivation phases and the carbon emissions during the eoL.

to avoid the dealignment among different LcA approaches,

which could lead to a misinterpretation of the real sustainability

of bio-based and (bio)degradable polymers, the european

commission (ec) and the Joint research centre (Jrc) in

particularly put much effort into investigating and developing

a sustainable alternative to conventional fossil-based polymer

production [35]. this effort resulted in the publication of a report

which addressed all the methodological issues of applying LcA

for the evaluation of the environmental impact of bio-based

and (bio)degradable polymers. the mentioned report suggests

a detailed standardised approach based on the product

environmental footprint (pef) methodology [36,37]. the main

objective of pef is to establish a standardised methodology

for measuring and communicating the life cycle environmental

performance of a system. it aims to spread a systematic

approach to assessing the life cycle environmental footprint 

of products and organisations, supporting european policies

and policymakers. the standardised approaches, principles,

and guidelines described in the report have been defined

through a review of several studies that applied the LcA to 

bio-based and (bio)degradable polymers. this report allows 

for considering all the reasonable methodological steps and

parameters to be addressed in setting up a cradle-to-grave LcA

of bio-based and (bio)degradable polymers and the comparison

with fossil-based ones. One of the most relevant steps is the

accounting of biogenic carbon emissions and removals

throughout the whole life cycle, starting from the raw 

material acquisition (i.e., cultivation of feedstock) to the eoL

management.

the proper assessment of the raw material acquisition and

pre-processing goes through the analysis of the primary

biomass sources supply chain, including all the agricultural

production processes needed to (i) prepare the land, 

(ii) biomass cultivation and the use of fertilizers and pesticides

(if any), (iii) convert the biomass into the intermediate 

chemical compound, and (iv) the final polymerisation to obtain

the rough (bio)degradable polymer. during the raw material

acquisition and pre-processing phase, one of the most

significant impacts that need to be adequately addressed is

the greenhouse gas (ghg) emissions occurring as an effect 

of land use change (Luc). this impact could be direct (dLuc)

or indirect (iLuc), and they should be accounted for and

described among the LcA results. this is commonly done when

there is the need to assess in the LcA all the anthropogenic

procedures which require the exploitation of a large area of

land, such as feedstock cultivation. dLuc occurs when there 

is a transformation of one land use type to another, resulting 

in a remarkable change of the properties of the land, 

without influencing neighbouring systems (i.e., the conversion

from forestland to cropland), while iLuc occurs when 

a transformation of a land use type also affected other land

types outside of the investigated land boundaries [31].

considering these impacts and establishing an approach to

account for them (especially iLuc might be very challenging 

to assess) is essential to avoid an underestimation of the

environmental sustainability of (bio)degradable polymers [31].

Another issue highlighted as critical by many studies in

evaluating the environmental impact of (bio)degradable

polymers is the modelling of eoL, which is strictly linked with

the balance of biogenic carbon accounted for in the raw

material acquisition phase. in fact, the quantification of the

carbon uptake during biomass cultivation should always 

be balanced with the carbon emissions at the eoL, which makes

modelling eoL processes essential for a reliable environmental

assessment. thus, applying a standardised approach to model
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the different processes occurring at the eoL of (bio)degradable

polymer is essential. the Jrc report provides technical

solutions starting from applying the circular footprint formula

(cff) [31].

the cff is a mathematical formula that aims to balance the

environmental burdens and benefits of different eoL options in

terms of recycling, energy recovery, and landfill. the final

environmental impact calculation is performed through several

parameters, which are defined based on many technical

aspects related to the defined system boundaries, the quality

of materials used in the life cycle, the technologies employed,

the market sector of the products, etc. 

dealing with modelling eoL treatment of (bio)degradable

polymers means that many peculiar aspects should be

addressed appropriately. the main one is the polymers'

biodegradability (or biodegradation rate), which should be

product-specific information due to the high range of variation

among different types of (bio)degradable polymers. however,

the Jrc report provides a detailed description of how to deal

with the lack of information on biodegradability, reporting

several alternatives based on different characteristics of the

(bio)degradable polymers and eoL treatment conditions [31].

All the eoL options should be evaluated through scenario

modelling. the specific ones related to the (bio)degradable

polymers not used in the agri-food market sector are industrial

composting through aerobic or anaerobic digestion (with the

on-land application of resulting organic residues), mechanical

recycling, incineration, and landfilling.

Industrial composting

composting is a biological process that converts biodegradable

waste into several products due to the action of enzymes.

under aerobic conditions, the waste is converted into inorganic

chemical compounds (i.e., cO2, water, methane, non-methane

volatile organic compounds, and other minor elements) and 

a residual solid fraction, the compost. the latter can be used

as a soil amendment, and it might be a possible replacement

for mineral fertilizer. from an LcA point of view, this means

that a potential environmental credit evaluation could be

addressed for this product, but only if the same approach has

been followed to model appropriately the above-mentioned

agricultural cultivation procedures to guarantee the right

balance between environmental burdens and credits.

the anaerobic digestion process is like the aerobic one. the

difference is that the biodegradation occurs under anaerobic

conditions, enabling the production of biogas (i.e., a mixture 

of a few gases that depends on the composition of the

(bio)degradable waste in input) and the possible following

upgrading to bio-methane. Both biogas and bio-methane can

be used as fuel to produce energy or used in vehicles. Anaerobic

digestion also produces a residual solid fraction that could

undergo aerobic digestion to produce a more stable soil

amendment. from an LcA point of view, fuel production can

play a crucial role in accounting for potential environmental

credits on the overall assessment of the (bio)degradable

polymers' life cycle.

mechanical recycling

in conventional mechanical recycling, the polymer wastes are

sorted and shredded to be used as secondary raw material to

produce new polymer-based products. this process can also

be applied to (bio)degradable waste to produce secondary

(bio)degradable polymers used to make new products via 

the “drop-in” process. however, because of physic-chemical

characteristics, this process can’t be applied to all the

(bio)degradable polymers. in terms of LcA analysis, under

certain conditions and through the evaluation by applying 

the cff, the recovery of (bio)degradable polymers could avoid

the production of the primary one, leading to a potential

environmental credit.

Incineration and landfill

incineration and landfill processes should be used to model

the share of (bio)degradable waste which cannot undergo the

composting and recycling processes. ideally, a poor amount of

waste should be treated via incineration or landfill because the

(bio)degradable polymers should be appropriately collected



and sorted to be recycled via industrial composting processes

to have a closed loop life cycle, enabling the circularity of the

(bio)degradable polymers products.

concLusions

the article presents ways of valuation of the environmental

impacts of (bio)degradable polymers, which is necessary 

due to their growing importance in the circular economy. 

A closed-loop economy is a concept aimed at rational use of

resources and reducing the negative environmental impact of

manufactured products, which should remain on the market

as long as possible, and waste generation should be minimised

as much as possible. the (bio)degradable polymers such as

pLA, phA, and aliphatic-aromatic polyesters, fit well into the

concept of the circular economy and appear to be a good

alternative to conventional plastics. LcA is a tool supporting

the achievement of circular economy goals, whether it concerns

green polymers, including (bio)degradable polymers, or other

existing environmentally friendly products or services.

reFereNceS

1. european commission, circular economy action plan (ceAp), 2020

2. circular economy: definition, importance and benefits, news european

parliament. economy, 02-12-2015, updated: 26-04-2022

3. e. macArthur foundation, circular economy introduction, 

https://ellenmacarthurfoundation.org/

4. e. skawińska, r. Zalewski, circular economy as a management model in the

paradigm of sustainable development, management 2018, 22(2):217-233

5. p. de giovanni, p. folgiero, management of circular economy, 2021,

https://www.luiss.it/

6. V. rizos, J. Bryhn, implementation of circular economy approaches in the

electrical and electronic equipment (eee) sector: Barriers, enablers and policy

insights, Journal of cleaner production 2022, 338:130617

7. europe's circular economy still in its infancy, european environment Agency,

2019, https://www.eea.europa.eu/

8. circular by design, eeA report no 6/2017, european environment Agency,

2017

9. A. hussain, V. podgursky, m. Antonov, m. Viljus, d. goljandin, ticn coating

tribology for the circular economy of textile industries, Journal of industrial

textiles, Journal of industrial textiles 2021, 1(1):01-13

10. m. Vert, y. doi, k.-h. hellwich, m. hess, p. hodge, p. kubisa, m. rinaudo, f.

schué, terminology for bio-related polymers and applications (iupAc

recommendations 2012), pure and Applied chemistry 2012, 84(2):377-41

11. J. rydz, g. Adamus, k. Wolna-stypka, A. marcinkowski, m. misiurska-marczak,

m. m. kowalczuk, degradation of polylactide in paraffin and selected protic

media, polymer degradation and stability 2013, 98(1):316-324 

12. J. rydz, W. sikorska, m. musioł, h. Janeczek, J. Włodarczyk, m. misiurska-

marczak, J. Łęczycka, m. kowalczuk, 3d-printed polyester-based prototypes

for cosmetic applications – future directions at the forensic engineering of

advanced polymeric materials, materials 2019, 12(6), 994:20 pages

13. J. rydz, B. Zawidlak-Węgrzyńska, d. christova, degradable polymers, in:

encyclopedia of biomedical polymers and polymeric biomaterials, m.k.

mishra (ed.), taylor & francis inc, crc press, 2015, pp. 2327-2349

14. european Bioplastics e.V., What are bioplastics?, https://www.european-

bioplastics.org/bioplastics

15. Astm d996-16, standard terminology of packaging and distribution

environments, 2016

16. s. penczek, J. pretula, p Lewiński, polimery z odnawialnych surowców,

polimery biodegradowalne, polimery 2013, 58(11–12):835–846

17. J.-g. rosenboom, r. Langer, g. traverso, Bioplastics for a circular economy,

nature reviews materials 2022, 7:117–137

18. W. sikorska, m. musioł, B. Zawidlak-Węgrzyńska, J. rydz, end-of-life options

for (bio)degradable polymers in the circular economy, Advances in polymer

technology 2021, 6695140(2021):18 pages

19. Biodegradable plastics in the circular economy in europe, european

Bioplastics e.V, https://www.european-bioplastics.org/biodegradable-

-plastics-in-the-circular-economy-in-europe/

20. h. khan, s. kaur, t. c. Baldwin, i. radecka, g. Jiang, i. Bretz, k. duale, 

g. Adamus, m. kowalczuk, effective control against broadleaf weed species

provided by biodegradable pBAt/pLA mulch film embedded with the

herbicide 2-methyl-4-chlorophenoxyacetic acid (mcpA), Acs sustainable

chemistry & engineering 2020, 8(13):5360-5370

21. t. iwata. Biodegradable and bio-based polymers: future prospects of 

eco-friendly plastics. Angewandte chemie international edition, 2015,

54:3210–3215

20

pAckAging reVieW 1/2023

revIeWed artIcle



21

pAckAging reVieW 1/2023

revIeWed artIcle

22. m.g.A. Vieira, m.A. da silva, L.O. dos santos, m.m. Beppu. natural-based

plasticizers and biopolymer films: A review, european polymer Journal 2011,

47:254–263

23. s. Lambert, m. Wagner. environmental performance of bio-based and

biodegradable plastics: the road ahead. chemical society reviews

2017,46:6855-6871

24. isO 14040:2006 environmental management — Life cycle assessment —

principles and framework

25. isO 14044:2006 environmental management — Life cycle assessment —

requirements and guidelines

26. g. moraga, s. huysveld, f. mathieux, g.A. Blengini, L. Alaerts, k. Van Acker, 

s. de meester, J. dewulf, circular economy indicators: what do they measure?

resources, conservation and recycling 2019, 146:452–461

27. c. peña, B. civit, A. gallego-schmid, A. druckman, A. caldeira- pires, 

B. Weidema, e. mieras, f. Wang, J. fava, L. milà i canals, m. cordella, 

p. Arbuckle, s. Valdivia, s. fallaha, W. motta. using life cycle assessment 

to achieve a circular economy, the international Journal of Life cycle

Assessment 2021, 26:215–220

28. c. peña, B. civit, A. gallego-schmid, A. druckman, A. caldeira- pires, 

B. Weidema, e. mieras, f. Wang, J. fava, L. milà i canals, m. cordella, 

p. Arbuckle, s. Valdivia, s. fallaha, W. motta. using life cycle assessment to

achieve a circular economy. position paper of the life cycle initiative, 2020

29. i.k. kookos, A. koutinas, A. Vlysidis. Life cycle assessment of bioprocessing

schemes for poly(3-hydroxybutyrate) production using soybean oil and

sucrose as carbon sources, resources, conservation and recycling 2019,

141:317-328

30. e. rezvani ghomi, f. khosravi, A. saedi Ardahaei, y. dai, r.e. neisiany, 

f. foroughi, m. Wu, O. das, s. ramakrishna, the life cycle assessment for

polylactic acid (pLA) to make it a low-carbon material, polymers 2021),

13:1854

31. d. ita-nagy, i. Vázquez-rowe, r. kahhat, g. chinga-carrasco, i. Quispe.

reviewing environmental life cycle impacts of biobased polymers: current

trends and methodological challenges, the international Journal of Life

cycle Assessment 2020, 25:2169–2189

32. h.n. salwa, s.m sapuan, m-t. mastura, m.y.m. Zuhri, r.A. ilyas. Life cycle

assessment of bio-based packaging products, in: s.m. sapuan, r.A. ilyas

(eds), Bio-based ppackaging, 2021

33. L. shen. Life cycle assessment of bio-based plastics: concepts, findings,

and pitfalls, in: m. dusselier and J.-p. Lange (eds), Biodegradable polymers

in the circular plastics economy 2022

34. s. Walker, r. rothman. Life cycle assessment of bio-based and fossil-based

plastic: A review. Journal of cleaner production 2020, 261:121158

35. s. nessi, c. Bulgheroni, A. konti, t. sinkko, d. tonini, r. pant. environmental

sustainability assessment comparing through the means of lifecycle

assessment the potential environmental impacts of the use of alternative

feedstock (biomass, recycled plastics, cO2) for plastic articles in comparison

to using current feedstock (oil and gas), 2018, ispra: european commission

36. commission recommendation (eu) 2021/2279 of 15 december 2021 on

the use of the environmental footprint methods to measure and

communicate the life cycle environmental performance of products and

organisations

37. s. nessi, t. sinkko, c. Bulgheroni, p. garcia-gutierrez, J. giuntoli, A. konti, 

e. sanye mengual, d. tonini, r. pant, L. marelli, f. Ardente, Life cycle

assessment (LcA) of alternative feedstocks for plastics production – 

part 1: the plastics LcA method, 2021, eur 30725 en, publications Office

of the european union, Luxembourg, isBn 978-92-76-38145-7

acknOwLeDgeMenTS: this work was supported by the european union’s horizon 2020 research and innovation 
programme under the marie skłodowska-curie grant agreement no 872152, project green-mAp and an international project
co-financed by the program of the minister of science and higher education entitled “pmW” in the years 2020-2023; contract
no. 5092/h2020/2020/2.


