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Abstract: Plastic packaging is a product of short­term use and becomes waste aft er use. For most pack­
ages made of homogeneous polymeric material, there is no problem with their recycling. The packaging 
used for food packaging and storage, for example, multilayer foils, considerably reduces food losses. 
However, due to their complex multi­polymer structure, it is signifi cantly more diffi  cult to recycle it. 
Currently, in this case there are almost no technologies that are eff ective enough to be both cost­eff ective 
for recyclers and not burden the environment. Leading companies from the plastics industry in coop-
eration with food and packaging producers are working on solutions that will improve the suitability 
for recycling of multi-layer packaging while maintaining high level of food protection. Huge hopes 
are connected with nanotechnology and nanomaterials that enter the packaging market, mainly nano-
composites, and particularly ideally, if it would be biodegradable bionanocomposites. However, new 
packaging materials based on nanocomposites are bringing potentially new problems for recycling. The 
paper presents the issues related to meeting the requirements of Circular Economy by multilayered 
packaging materials based on traditional polymers and alternative materials of the new generation in-
troduced to the packaging market.
Keywords: Circular Economy, multilayer packaging, (bio)nanocomposites packaging.

Materiały opakowaniowe z tworzyw polimerowych – przyjaciel czy wróg 
Gospodarki o Obiegu Zamkniętym
Streszczenie: Opakowania z tworzyw polimerowych po krótkotrwałym użyciu stają się odpadem. 
W wypadku większości opakowań wykonanych z jednorodnych materiałowo tworzyw polimerowych 
nie ma problemu z ich recyklingiem. Odpowiednio dobrane opakowania stosowane do pakowania 
i przechowywania żywności w istotnym stopniu zmniejszają straty żywności – przykładem mogą być 
folie wielowarstwowe. Ze względu jednak na ich złożoną, wielopolimerową strukturę trudno jest pod­
dać je klasycznemu recyklingowi. Obecnie nie ma wystarczająco efektywnych technologii, opłacalnych 
dla recyklerów i jednocześnie nieobciążających zbytnio środowiska. Czołowe fi rmy z branży tworzyw 
polimerowych w porozumieniu z producentami żywności i opakowań pracują nad rozwiązaniami 
zwiększającymi przydatność do recyklingu opakowań wielowarstwowych z zachowaniem efektywnej 
ochrony żywności. Ogromne nadzieje wiązano z wkraczającą do opakowalnictwa nanotechnologią i na­
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nomateriałami, głównie nanokompozytami, idealnie – biodegradowalnymi bionanokompozytami. Nie-
stety nowe materiały opakowaniowe oparte na nanokompozytach stwarzają nowe problemy w zakresie 
recyklingu. W artykule przedstawiono zagadnienia związane z wymogami Gospodarki o Obiegu Zam­
kniętym (GOZ) dotyczącymi wielowarstwowych materiałów opakowaniowych opartych na tradycyj-
nych polimerach oraz alternatywnych materiałach nowej generacji wprowadzanych na rynek opakowań.
Słowa kluczowe: GOZ, opakowania wielowarstwowe, (bio)nanokompozyty opakowaniowe.

Traditionally, the golden rule of the material design was 
to have polymers that maintain structural strength, use-
ful characteristics properties even after prolonged use. 
Longevity of polymers becomes a problem after the end 
of their useful life cycle because as waste most often are 
deposited in a landfill or littered in the environment, so 
they last there for a long time. Environmental issues re-
garding a very long degradation time of polymers are one 
of the biggest problems associated with the design and 
development of new materials, especially in packaging 
applications [1, 2]. The products packaging made of poly-
meric materials might be widely used for several decades. 
Unfortunately, many of them end their useful life after 
a single-use, contributing to the ever-growing amount of 
waste. For years, the European Union has been trying to 
fight this problem by introducing various types of strate-
gies. We had IPP – an Integrated Product Policy, a Europe 
of ”recycling”, a Resource Efficient Europe. In 2012, the 
strategy of bioeconomics, otherwise known as the bio-
economy or the green economy, was pompously intro-
duced [3]. It was trusted that if the large-scale introduc-
tion of bioplastics – biodegradable, compostable, generally 
”organic” – began, the problem of waste packaging ma-
terials will be solved. Bioeconomy was a response to the 
need to implement a Sustainable Development strategy in 
accordance with the Rio Declaration. It was  expected that 
biodegradable plastics, produced from renewable raw ma-
terials or ”bioderivatives” (non-oil PE), such as PLA (poly-
lactide), PHB (polyhydroxybutyrate), starch, and cellulose 
of a new generation, might/will solve the problem of the 
growing mountains of packaging waste. The bioecono-
my strategy has caused a boom in these ma terials. Many 
examples of commercialized packaging materials can be 
provided. Unfortunately, they have not yet replaced con-
ventional packaging materials for several various reasons 
which will not be discussed here.

After several years of implementation of the Sustainable 
Development strategy, guidelines for sustainable prod-
ucts, including packaging were developed [4]. Sustainable 
products are providing environmental, social and eco-
nomic benefits while protecting public health, prosper-
ity and the environment throughout the life cycle, from 
the extraction of raw materials to final management. The 
Sustainable Packaging Coalition was established [5] pro-
moting sustainable packaging.

All these activities are aimed at ensuring the protec-
tion of the packaged product and reducing the amount of 
waste. As part of the implementation of the Sustainable 

Development strategy, it was stated that the traditional, 
linear consumption model should be abandoned and in-
stead a closed loop approach should be applied. And so 
the idea of a new economy was born, commonly known 
as the Circular Economy (CE) [6]. As part of this trend, 
the slogans ”Europe without waste” or ”no packaging so-
lution” appeared [7]. The European Union quickly got in-
volved in the CE, seeing it as an opportunity to support 
the sustainable development strategy [8]. The European 
Commission (EC) set a target of 2030 to increase recycling 
of plastic packaging stating that ”the only long term so-
lution is to reduce plastic waste by recycling and reusing 
more” [9]. The EC committed to „develop a strategy on 
the challenges posed by plastics in the entire value chain, 
taking into account their entire life cycle”.

PACKAGING IN A NEW PLASTIC STRATEGY

A European Strategy for Plastics in a Circular Economy 
[10] is a derivative of Ellen MacArthur Foundation The 
New Plastics Economy: Rethinking the future of plastics [11]. 
Among the strategy points, several of them directly con-
cern packaging. The assumptions of the strategy are al-
ready generally known. The strategy’s goal is, among 
others, to ensure that all plastic packaging will be re-
cyclable by 2030 [9]. It is also expected to contribute to 
achieving the goals of Sustainable Development and the 
Paris Agreement by 2030 [9, 10]. The challenges are re-
ally significant because 26% of total plastics production 
is used for packaging [12, 13]. It is estimated that 95% of 
the value of plastic packaging materials, i.e. from 70 to 
105 billion € per year, is lost in the economy after a very 
short cycle of their first use [13]. The demand for recycled 
plastics currently only accounts for around 6% of the de-
mand for plastics in Europe.

It has been estimated that the production of plastics 
and the incineration of plastic waste generates about 
400 million tons of CO2 per year worldwide. The using 
of recycled plastics can reduce the dependence on fossil 
fuel production for plastics production and reduce CO2 
emissions. According to estimates [14], the potential an-
nual energy savings that could be achieved by recycling 
all plastic waste in the world correspond to about 3.5 bil-
lion barrels of oil per year. 

The CE (Circular Economy) strategy assumes that by 
2030 all plastic packaging placed on the EU market must 
be re-used or recycled cost-effectively. The assumptions 
are right, but are they feasible? There are approx. 100 re-
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cycling technologies. The CE assumes that together with 
The European Food Safety Authority (EFSA) they will be 
verified in terms of their suitability for the production of 
recyclable materials suitable for contact with food. The 
problem is that most recycling methods lead not only to 
at least 10% material losses but also to 10% material qual-
ity loss [15]. According to Solis [16], in the current system, 
plastic packaging can be recycled up to seven times, after 
which the polymers will be degraded to such an extent 
that they can no longer be used. Therefore, solutions are 
sought for the design of packaging from biodegradable 
and compostable plastics that will meet the CE require-
ments. The problem was described in several papers at 
the 4th Congress of the Packaging Industry [17, 18]. 

However, let’s look at this issue from the perspective 
of the development of packaging materials and func-
tions performed by packaging. The functions of pack-
aging, which are generally divided into basic (primary) 
and additional (secondary), have been described in se-
veral studies [19, 20]. However, the old “3Ps” functions 
(Protect, Preserve and Promote) are now extended to in-
clude functions such as Trace, Authenticate, Inform, Add 
Value, Secure and Reduce Waste. As the demand for im-
proved basic and additional functions increases, the com-
plexity of the packaging also increases [21]. Initially, the 
packaging consisted of a single material. In many cases, 
this concept works well, for example in the case of glass 
jars, PET [poly(ethylene therephthalate)] beverage bottles 
or metal cans. However, each of these materials has limi-
tations that inhibit its wider use: glass is heavy and brit-
tle, PET does not provide sufficient gas barrier for many 
products, and the metal is not transparent. By combining 
different materials, it is possible to develop the concept of 
an ideal packaging that meets most packaging require-
ments [22]. This applies mainly to polymeric materials. 

Multimaterial packaging is packaging made of at least 
two different materials that cannot be separated by hand 
or by simple mechanical methods. Examples of multi-
material packaging – multimaterial systems – were de-
scribed in Annex 7 of the European Commission Decision 
97/129/EC of 28 January 1997, establishing a system for 
identifying packaging materials. Paradoxically, packag-
ing made of various polymers is not considered as multi-
material! These include metalized films, i.e. typical pack-
aging polymers coated mostly with aluminum, e.g. PE/Al, 
PP/Al, PET/Al, PS/Al, and paper and cardboard coated 
with them. In packaging, many multilayer films are used, 
both double-layered, e.g. PE/PP, PE/PA or multilayer PET/
EVOH/PET, PET/PA/PET (where: PA – polyamide, EVOH 
– ethylene vinyl alcohol). Multilayer packaging materials 
based on polymers, i.e. laminates, composites, are com-
monly used to combine the respective best properties of 
different polymers. Thanks to this approach, functional 
packaging is created that allows sufficient protection of 
sensitive food products and thus a prolonged period of 
their durability. It should also be mentioned that multi-
layer films as packaging material have helped to prevent 

the amount of food waste and thus reduce the global hun-
ger problem as an excellent material for protecting stored 
food, especially in poor countries! 

However, due to the low recycling susceptibility, most 
of the used multilayered packaging materials are usually 
burnt or landfilled or littered in oceans. This is against 
the assumptions of the CE idea. Recently, Kaiser [23] pre-
sented the possibilities of recycling multilayer polymer 
packaging materials discussing a range of different pos-
sible methods for their recycling. It was found that so 
far no solution is available on an industrial scale. For the 
recycling of multilayer packaging waste, a delamination 
or compatibilization process is proposed. However, other 
authors [24] state that most of these methods have a low 
TRL (technology readiness levels) level. Therefore, intensive 
R&D works are required to meet CE requirements. There 
are more and more examples of such solutions [25]. An 
alternative to composites based on traditional polymer-
ic materials is to be biocomposites, most often biodegra-
dable. However, whether their use and especially the fi-
nal management, can be reconciled with CE principles? 

The current review of composite materials for packag-
ing can be found in the “Composites Materials for Food 
Packaging” monograph, which recently appeared on the 
publishing market [26]. In addition to traditional compos-
ite materials based on commonly used polymers: PE, PP, 
PET, PS (polystyrene), a lot of space has been devoted to 
nanocomposites, new generation materials based on nano-
materials, including nanobiocomposites also their bio-
degradable version. Let’s consider some of the aspects of 
biodegradable materials in the frame of CE on the PLA ex-
ample. Synthetic poly(lactic acid) (PLA) is a flagship biode-
gradable biobased material, which has already found ap-
plication as a packaging material [26]. In order to  improve 
the performance of PLA, additives in the form of fillers or 
reinforcements are introduced. Depending on the origin 
and biodegradability of these components, PLA composites 
can be divided into biocomposites and “green” composites. 
These include PLA. This first group includes composites 
with petroleum or inorganic or natural fiber fillers or re-
inforcements. The latter, like the PLA itself, are considered 
to be fully biodegradable. In addition to conventional PLA 
applications, e.g. in the form of a film, it can also be a ma-
trix of nanocomposites. Hybrid PLA nanocomposites are 
obtained by adding nanofillers or nanoreinforcements, ei-
ther organic or inorganic. They allow obtaining even better 
parameters than show conventional composites.

PLA has been introduced to the market as a renew-
able material, which can be applied as a fertilizer after 
its use as a packaging material. Recently, many authors 
have praised bioplastic packaging materials as a future 
for a Circular Economy [18, 27]. After initial delight with 
this material many years ago [28], some questions about 
the actual state appear. Some real, critical facts about PLA 
according to FP International [29] are presented below.

PLA is 100% biobased, made from fermented plant 
starch. Producers promise PLA to be free of toxins and 
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carbon neutral. However, while looking at PLA’s produc-
tion process, ‘crops for plastic’ needs to be cultivated to 
produce the fermented plant starch. These crops have to 
be converted into the lactide and this process still pro-
duces carbon emission.

The plant starch for PLA production is often made 
from either corn or potato, which are both essential food 
commodities. The rapidly gained popularity caused an 
increase in demand for non-food use of corn. According 
to European Bioplastics, in 2018 agricultural production 
for all bioplastics accounted for only 0.016% of the arable 
land area [30]. It seems that there is currently no com-
petition between renewable raw materials for food, feed 
and bioplastic production. However, a similar situation 
may be repeated as for the production of ethanol from 
maize. Namely, in 1980, less than one percent of corn was 
used for ethanol production. However, in 2010/2011, 36% 
of corn produced in the United States was used to manu-
facture ethanol [31]. This influences on the global price of 
corn. PLA may be a solution for the plastic waste  issue, 
but it contributes to the problem of food shortage in the 
less wealthy parts of the world. Thus PLA it solving one 
issue, but worsening another, what is an unsustainable 
solution.

It remains to consider the problem of the final man-
agement of PLA as well as nanocomposites based on it. 
Regardless of the many advantages of nanocomposites 
based on the PLA matrix, these materials create challen-
ges in terms of safety and final management. Their re-
cycling or composting requires not only separation from 
the packaging waste stream but also special installa-
tions. Why? According to the European regulations [32], 
compostable material must be smaller than 2 mm for 
more than 90% of its’ original dry mass after 12 weeks 
of  degradation. PLA only breaks down in a specific con-
trolled environment of 58 °C. This is the same drawback 
of this process as for other biodegradable materials. So far 
most countries haven’t developed the appropriate com-
posting facilities, which will make difficult to properly 
dispose of PLA based products.

In the case when PLA ends up in landfill, there may 
not be enough amount of oxygen for its degradation pro-
cess. In such conditions, PLA may start to expel methane, 
which has 38 times larger GHG index than CO2.

This new and fashionable bio-based alternative to fos-
sil fuel-based plastics looks too good to be true and to 
fulfill CE requirements.

However, due to the importance of polymer for CE, 
 scientists are interested in the concept of designing ma-
terials based on a cradle-to-cradle life cycle concept [33] 
or “design to degrade” [34] as well as with an intrinsically 
infinite recyclability [35].

CONCLUSIONS

CE distinguishes between the technical and  biological 
cycles [6]. In the case of materials obtained from 

 renewable raw materials, particular attention is paid to 
their biodegradability. In this way, the contribution that 
renewable materials and their reuse and recycling can 
make to improving the circular economy and environ-
mental performance is often neglected. The EU strategy 
on plastics draws attention to both aspects. 

The problem of nanobiocomposites for packaging is 
very complex, especially in the context of CE. Morganti 
[36] states that CE opens new horizons for nanobiocom-
posites, especially those obtained from waste materials. 
The Swedish authors of the latest report on renewable 
materials in the CE are more careful in their judgments 
and even a bit skeptical [37]. 

The EC’s plastics strategy assumes that “all plastic pack-
aging will be reusable or recyclable until 2030.” However, 
will all materials meet these requirements? Until now, 
there is no real industrial method of recycling packag-
ing nanobiocomposites, even if they would be suitable for 
it. However, technological advances that have occurred 
and are still progressing in the field of nanobiocomposite 
packaging are so large and irreversible that they can not 
be wasted by any directive. Nanobiocomposites are the 
future of packaging materials and will continue to grow, 
regardless of the bioeconomy or circular economy. There 
are more and more reports that the plastics industry is 
looking now-a-days for solutions that will meet the re-
quirements of CE [17, 18, 25, 37].
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