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Abstract: Transforming the plastic industry toward producing more sustainable alternatives than
conventional plastics, as an essential enabler of the bio-based circular economy (CE), requires rein-
forcing initiatives to drive solutions from the lab to the market. In this regard, startups and ideation
and innovation events can potentially play significant roles in consolidating efforts and investments
by academia and industry to foster bio-based and biodegradable plastic-related developments. This
study aimed to present the current trends and challenges of bioplastics and bio-based materials as
sustainable alternatives for plastics. On this basis, having conducted a systematic literature review,
the seminal research themes of the bio-based materials and bioplastics literature were unfolded and
discussed. Then, the most recent developments of bio-based sustainable products in Ukraine, as
alternatives to petroleum-based plastics, that have gained publicity through local startup programs
and hackathons were presented. The findings shed light on the potential of the bio-based sector to
facilitate the CE transition through (i) rendering innovative solutions most of which have been less
noticed in academia before; (ii) enhancing academic debate and bridging the gap between developers,
scholars, and practitioners within the plastic industry toward creating circularity across the supply
chain; (iii) identifying the main challenges and future perspectives for further investigations in
the future.

Keywords: bio-based plastics; biodegradable plastics; plastics strategy; circular economy; bio-
based circular economy; circular bioeconomy; plastic waste; bio-based material; bio-based products;
petroleum-based plastics

1. Introduction

The worldwide plastics production in 2020 has increased by 36% since 2010 [1], leading
to the generation of a massive amount of plastic waste. The global environmental pollution
of micro- and macroplastic [2] demonstrates extensive usage of fossil-based plastics [3]
and the inability of even the most advanced waste management systems to deal with a
wide range of plastic products at their End of Life (EoL) [2]. The increasing concerns about
global pollution and its negative consequences on the planet’s ecosystem are initiating
the active development of bio-based plastics [4] and bio-based materials and products, as
alternatives to fossil-based plastics. In the same vein, the production of biodegradable
plastics obtained from renewable resources [5], including the waste of other production
chains, such as the food industry, agriculture, and forestry [6], have gained momentum.
Bio-based plastics (or bio-plastics) have been recognized by the European Union (EU) as
a promising alternative to conventional plastics with regard to finite fossil resources, a
healthy environment, and climate change [7]. The European plastic strategy aims to bring
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the plastic-related legislation in line with the circular economy (CE) action plan [8] and
hence to launch principal legal initiatives across EU countries. Driven by a low-carbon
CE [9], bioplastics production is estimated to archive a 40% plastics market share by 2030 [4].

In recent years, biodegradable and bio-based plastics production and applications
have been increasingly investigated by research communities in the material science, chem-
ical engineering, and environmental science domains. On this basis, the main focus of
research has been on technological aspects [10], environmental effects [11], and sustainabil-
ity issues [12,13]. Nevertheless, the research in this area toward enabling a CE model is still
in its infancy stage.

Hence, it is crucial to understand how bio-based products and bioplastics initiatives,
as potential alternatives to conventional plastics, perform in terms of implementation
from the lab to the market and contribution to the bio-based CE (or circular bioeconomy).
Furthermore, those solutions that have not received discussion in academia but gained
publicity through local startup programs and hackathons can be shown worldwide to
enhance research and development (R&D) through collaboration between developers
and scientists across countries. While the issues of biodegradable and bio-based plastics
and products are vigorously discussed in academia, there is a need for presenting the
overview of the state-of-the-art of bio-based products and bioplastic solutions as potential
alternatives to conventional plastics originating in startups. Moreover, the contribution of
these solutions to the bio-based CE and their improvement stage in terms of moving from
lab to the market should be analyzed. In this regard, the present study aims to (i) provide
a comprehensive overview of the bio-based materials and bioplastic research themes at
a global level in academia and (ii) present the most recent and progressive solutions in
the field of bio-based products and bioplastics at a country level, focusing on Ukraine in
Eastern Europe, as the second-largest country by area in Europe.

The remainder of this paper is organized as follows: The search protocol adopted to
collect data and conduct the systematic review analysis is explained in Section 2. Section 3
presents the results in two subsections. Section 3.1 provides the current developments and
challenges of bio-based plastics in a CE. Bioplastics and bio-based products initiatives and
advancements to replace traditional plastics with a special focus on Ukraine are provided
and discussed in Section 3.2. Challenges and future perspectives of bio-based products and
bioplastics production and utilization are rendered in Section 4. Finally, Section 5 concludes
the main remarks of the research.

2. Data Source and Methodology

An analytical method, combining a systematic literature review and content analysis,
was employed in this study. First, a systematic literature review based on the PRISMA
statement [14] was carried out to provide a state-of-the-art of bioplastics and bio-based
materials applications, production, and utilization worldwide. Then, content analysis was
conducted on the recent advancements in the field of bio-based products and materials and
relevant initiatives in Ukraine. The overall research framework is illustrated in Figure 1.

Recycling 2022, 7, x FOR PEER REVIEW 3 of 15 
 

 
Figure 1. Research framework. 

To ensure the reliability of the review process, a well-structured search protocol to 
sufficiently collect relevant data from the target literature [15,16] was adopted. In this 
regard, the Scopus database was selected as the main database for conducting the analysis. 
In the next step, different combinations of the keywords—namely, “bioplastics”, “bio-
based product”, “bio-based material”, “circular economy”, and “innovation”—were 
investigated within the literature, to build an effective search string for searching articles 
in Scopus. As a result, the following two search strings using OR/AND Boolean operators 
were designed to catch data: 

(i) Searching “bioplastic*” OR “bio-plastic*” OR “bio plastic*” OR “bio-based 
plastic*” OR “bio-based material” OR “biomaterial” OR “bio-based product” (search 
within article title), AND “circular economy ‘OR’ circularity” (in the title, abstract, and 
keywords); 

(ii) Searching “bioplastic*” OR “bio-plastic*” OR “bio plastic*” OR “bio-based 
plastic*” OR “bio-based material” OR “biomaterial” OR “bio-based product” (search in 
the title) AND “R&D” OR “innovat*” OR “startup*” OR “accelerator*” (in the title, 
abstract, keywords). 

The results were limited to only peer-reviewed journal articles, and other types of 
documents were excluded from the sample. The initial run of the two designed search 
strings returned 67 and 244 results without a time limit, respectively. Having removed the 
duplicates, a careful screening of the remaining articles was performed to exclude 
irrelevant documents to the main focus of the study from the sample, leading to selecting 
55 articles as the final sample for further analysis in the present study. 

3. Results and Discussion 
The findings are presented and discussed in the following three subsections. Section 

3.1 provides an inclusive review of the main research background within the bioplastics 
and bio-based materials domain in a CE. Section 3.2 presents main bio-based products 
developments toward a CE in Ukraine. 

3.1. Research Background in Bioplastics and Bio-Based Products toward a CE 
3.1.1. Biodegradation of Bioplastics through Aerobic and Anaerobic Methods 

Underutilized or low-value biomass, water-soluble biopolymers, biocolloids, 
polymerizable monomers, and nutrients are used as feasible building blocks for 
biotechnological conversion into bioplastics [17]. The biodegradable properties of 
bioplastics, as a potential solution to address the global concern regarding plastic 
pollution, can enable the capture of food waste through anaerobic digestion as an energy-
positive waste treatment strategy toward an integrated food–energy–water–waste nexus 
in a CE [18]. Bioplastics can be biodegraded through three main biodegradation 
mechanisms, including microbial, aerobic, and anaerobic degradation [19]. Cisneros-
López et al. [6] provided insight on biodegradation of bioplastics under different 
environmental conditions as a principal determinant of biodegradability of biopolymers 
in addition to their physical and chemical structures. The biodegradability of poly(3-

Figure 1. Research framework.



Recycling 2022, 7, 20 3 of 15

To ensure the reliability of the review process, a well-structured search protocol to
sufficiently collect relevant data from the target literature [15,16] was adopted. In this
regard, the Scopus database was selected as the main database for conducting the analysis.
In the next step, different combinations of the keywords—namely, “bioplastics”, “bio-based
product”, “bio-based material”, “circular economy”, and “innovation”—were investigated
within the literature, to build an effective search string for searching articles in Scopus. As
a result, the following two search strings using OR/AND Boolean operators were designed
to catch data:

(i) Searching “bioplastic*” OR “bio-plastic*” OR “bio plastic*” OR “bio-based plastic*”
OR “bio-based material” OR “biomaterial” OR “bio-based product” (search within article
title), AND “circular economy ‘OR’ circularity” (in the title, abstract, and keywords);

(ii) Searching “bioplastic*” OR “bio-plastic*” OR “bio plastic*” OR “bio-based plas-
tic*” OR “bio-based material” OR “biomaterial” OR “bio-based product” (search in the
title) AND “R&D” OR “innovat*” OR “startup*” OR “accelerator*” (in the title, abstract,
keywords).

The results were limited to only peer-reviewed journal articles, and other types of
documents were excluded from the sample. The initial run of the two designed search
strings returned 67 and 244 results without a time limit, respectively. Having removed the
duplicates, a careful screening of the remaining articles was performed to exclude irrelevant
documents to the main focus of the study from the sample, leading to selecting 55 articles
as the final sample for further analysis in the present study.

3. Results and Discussion

The findings are presented and discussed in the following three subsections. Section 3.1
provides an inclusive review of the main research background within the bioplastics
and bio-based materials domain in a CE. Section 3.2 presents main bio-based products
developments toward a CE in Ukraine.

3.1. Research Background in Bioplastics and Bio-Based Products toward a CE
3.1.1. Biodegradation of Bioplastics through Aerobic and Anaerobic Methods

Underutilized or low-value biomass, water-soluble biopolymers, biocolloids, polymer-
izable monomers, and nutrients are used as feasible building blocks for biotechnological
conversion into bioplastics [17]. The biodegradable properties of bioplastics, as a potential
solution to address the global concern regarding plastic pollution, can enable the capture
of food waste through anaerobic digestion as an energy-positive waste treatment strategy
toward an integrated food–energy–water–waste nexus in a CE [18]. Bioplastics can be
biodegraded through three main biodegradation mechanisms, including microbial, aerobic,
and anaerobic degradation [19]. Cisneros-López et al. [6] provided insight on biodegra-
dation of bioplastics under different environmental conditions as a principal determinant
of biodegradability of biopolymers in addition to their physical and chemical structures.
The biodegradability of poly(3-hydroxybutyrate) (PHB) and poly(3-hydroxybutyrate-co-
3-hydroxyvalerate) (PHBV), as the common members of polyhydroxyalkanoates (PHAs),
and also poly(butylene succinate) (PBS), poly(butylene adipate-co-terephthalate) (PBAT),
poly(ε-caprolactone) (PCL), polylactic acid (PLA), and PLA–PCL has been compared by
García-Depraect et al. [20] under aerobic and anaerobic aqueous conditions based on the
assessment of biodegradation kinetics, extent, carbon fate, and particle size influence. The
study of Ruggero et al. [21] outlined different methodologies to assess the biodegradation
of bioplastics during aerobic composting and anaerobic digestion. They highlighted that
the process conditions of the experimental setup, such as test duration, waste composition,
and temperature, often vary in different studies and in accordance with the international
standard followed for the test, including, but not limited, to ISO 20200, ISO 14853, EN
13432, ASTM D5338, and ASTM D5526-94D.
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3.1.2. Biowaste as a Raw Material for the Production of Bioplastics

In recent years, a significant part of the contribution to the growth of global bioplastic
production belongs to innovative biopolymers, such as PLA and PHAs [3]. However,
industrial expenses to produce PHA are estimated to be 5–10 times more than petroleum-
derived polymers [3]. Regarding raw materials for bioplastics production, a major part
comes from agricultural crops [22]. At the same time, the food and agriculture industries
generate significant amounts of organic waste, which could be used for bioplastics pro-
duction. According to Scarpi et al. [23], bio-based plastics derived from waste, as a recent
innovation in the field, could contribute to managing this organic waste more sustainably
and more in line with CE strategies. In a similar line, Morone et al. [24] highlighted that
biowaste has emerged as a resource with a significant potential to be employed as a raw
material for the production of chemicals, materials, and fuels given its abundant volumes
generated globally. As a step toward more sustainable packaging solutions, Liu et al. [25]
proposed a waste-free, green, and sustainable method of synthesizing hydrophobic bioplas-
tic films from tea waste, which uses only spent tea leaves, water, and citric acid. In a study
on the potential development of the bioplastics technological niche that uses biowaste,
Morone et al. [24] explored possible factors that may hinder the full development of this
niche. Based on an extensive literature review, Jogi and Bhat [3] provided an overview
of bioplastics, including production methods and possibilities of industrial food waste
valorization for bioplastic production.

The microalgae cultivation methods, microalgal bio-based plastics production tech-
nologies, and possible applications were summarized and discussed in the studies con-
ducted by Park and Lee [26], Chong et al. [19], and Cinar et al. [27]. According to Park and
Lee [26], microalgae have a very distinctive growth yield, compared with typical ligno-
cellulosic biomass; hence, they can be considered as an attractive raw material source for
bioplastics production. Chong et al. [19] argued that microalgae are an effective dual strat-
egy for bio-valorization of food processing wastewater and food waste hydrolysate, which
contribute to microalgae cultivation as value-added by-products, mainly carbohydrates,
lipids, and proteins to the advantageous of bio-based plastics production. In addition,
incorporating microalgae in food processing wastewater significantly reduces wastewater
treatment costs, compared with the traditional approach and provides additional prof-
itable by-products such as low-cost fertilizer and bioplastics, since protein, starch, lipids,
and PHAs, which are the main ingredients of bioplastic, can be obtained from various
microalgae [19].

3.1.3. Bioplastics from the CE Perspective

Developing new value chains and innovative bio-based products through valorizing
biomass components supports transitioning from traditional production technologies to
the concept of biorefineries [28] and the bio-based CE or circular bioeconomy [29,30]. The
emerging circular bioeconomy with a special focus on bio-based waste valorization to
close the loops of product lifecycle has gained momentum [29]. In this regard, the circular
bioeconomy leads to considerable changes in various industries, and the plastics production
sector is no exception. As a part of a CE, bioplastics, which are typically made of bio-based
polymers, stand to contribute to more sustainable commercial plastic life cycles by using
renewable or recycled raw materials [31]. Biodegradable and bio-based plastics, with their
properties, offer alternative waste management solutions to make the modern economy
more circular. From a CE perspective, the increasing concerns regarding waste disposal and
high cost of pure substrates in PHA and bioplastics production have led to the high need for
(i) upgrading the waste streams from different industries to produce appropriate feedstock
for PHA production and (ii) recycling and efficient upstream and downstream processes
of various waste streams to maintain the circularity in the entire process [32]. Bioplastics
provide the benefit of diverting biodegradable waste from landfilling or incineration
to “greener” streams, such as anaerobic digestion and composting, contributing to the
transition toward CE [33]. Briassoulis et al. [34] argued that optimal alternative end-
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of-use (EoU) and EoL routes are defined for the bio-based products in such a way that
they are turned into valuable resources in line with the CE. They provided an insight
into bio-based plastics in the context of the CE and gave an overview of its status and
potential future development. The assessment of the potential environmental impacts
of different EoL options and resource circulation of bio-based plastics with the use of
lifecycle assessment (LCA) was substantially studied by Spierling et al. [35]. However,
although the production of such bioplastics has advanced on the scale, the EoL technologies
to promote circularity are lagging behind. While composting and biogas plants are the
only managed EoL options today, advanced biotechnological recycling technologies for
biodegradable bioplastics are still in embryonic stages [2]. The bio-based products market
is currently limited resulting in relatively small quantities of waste streams, viewed as
contaminants of conventional waste streams. García-Depraect et al. [2] provided a critical
evaluation of terminology and international standards to quantify polymer biodegradability
together with the latest biotechnological recycling strategies, including the use of different
pretreatments for bioplastic waste. Additionally, Prieto [36] noted that there is a clear need
for standardized labeling and instructions, which should be regulated in a coordinated way
by policymakers and material producers. In this context, waste management of bio-based
plastic will be one of the most important issues in the near future in terms of CE.

3.1.4. Consumer Behavior and Bioplastics Product Acceptance

As of today, little is known in academia about how citizens perceive the shift to-
ward a bio-based economy, even though they are among the most important actors in this
transition. As a result, further investigations are needed to address bioplastics product
acceptance by potential consumers. For instance, Scarpi et al. [23] noted that a greater
understanding of consumers’ intention to switch to bioplastic products provides oppor-
tunities for firms to develop profitable and sustainable food systems. They concluded
that consumer switching to sustainable products is a tenuous topic, as consumers often
value other product attributes, such as cost, quality, and associated prestige more than
their sustainability attributes among which fewer natural resources are expended, such
as lower carbon footprints and EoL recoverability [23]. Confente et al. [37] developed a
conceptual model to address psychological drivers that encourage consumers’ intentions
to switch to and purchase products made from organic waste, the results of which showed
that green self-identity positively influences consumer perceived value, leading to higher
behavioral intention. According to the study of Zwicker et al. [38], consumers hold very
favorable views and are willing to pay more for bio-based products. However, they also
harbor misconceptions, especially overestimating bio-based plastics’ biodegradability, and
they find it less important to recycle bio-based than fossil-based plastic [38].

3.1.5. Metrics for Quantifying Bioplastics in Light of Sustainability and Circularity

Bio-based products differ from conventional plastics by raw materials used, tech-
nological processes applied, and recycling technologies involving the biological cycle
rather than technical cycles. The biological cycle is based on resources that can decom-
pose and build nutrients to transform into new renewable resources [39]. Briassoulis
et al. [40] through defining techno-economic sustainability analysis criteria to evaluate
the feasibility of mechanical recycling of post-consumer bioplastics showed that organic
recycling could be a suitable EoL option only when post-consumer biodegradable bio-
based plastics are nonrecyclable by the proposed criteria for mechanical recycling. Their
techno-economic sustainability criteria for mechanical recycling include economic viability,
mechanical recyclability, recirculation of the recovered materials, and environmental factors.
D’Adamo et al. [41] by proposing a new socio-economic indicator for EoL strategies for
bio-based products indicated that (i) while resource efficiency, waste disposal cost, and EoL
responsibility play key roles in EoL management, value chain actors are the most influen-
tial category of stakeholders in this management; (ii) mechanical recycling is the highest
value EoL strategy for PLA-based film for food packaging, followed by chemical recycling.
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Moreover, they highlighted the importance of incentives and responsibility for recycled
materials and green processes and circularity assessment criteria for policymakers and
decision support systems. To measure circularity performance and environmental impacts
of various types of bioplastics, appropriate metrics and indicators are crucial. However, few
studies on specific indicators for bio-based plastics are available. Concerning circularity
measurement, Razza et al. [42] developed a methodological approach for the circularity
metric of bio-based and biodegradable mulch films. Their method is an adaptation of the
material circularity indicator in which (i) the mass of the biocomponent corresponds to the
recycled material in input, and (ii) the mass of the biocomponent leaving the system due
to composting or biodegradation in the soil is considered as recycled. LCA methods have
been used as the principal tool to evaluate environmental impacts for both conventional
and bio-based plastics. LCA tools and methods allow determining the overall impact on the
environment by measuring all the input and output at different stages, including produc-
tion, using, and recycling of products. It is crucial to assess the environmental performance
of EoL bioplastics and bio-based products options at the early stages [43]. Bishop et al. [44]
noted the lack of a holistic picture of the environmental impacts of bioplastic products and
called for further efforts to effectively apply LCA tools in practice. In a study by Tamburini
et al. [45], the LCA of bottles was undertaken for outdoor drinking water for three options:
conventional plastic polyethylene terephthalate (PET) bottles, innovative biodegradable
PLA bottles, and reusable and almost infinitely refilling aluminum bottles. As a result
of their LCA study, various impact categories were identified, such as global warming
potential, eutrophication potential, human and ecotoxicity. Accordingly, they showed
that PET bottles production and use assure the lower environmental impacts, compared
with PLA bottles, burdened by the agricultural phase for corn cultivation, and aluminum
bottles [45]. In a similar LCA study on the impact of PLA and petroleum-based plastic
packaging of fresh fruit and vegetables, Bishop et al. [44] revealed that PLA production
has a higher impact in contrast to petroleum-based plastic production across many impact
categories. At the same time, redirection of PLA-packaged food waste to organic recycling
can compensate for this, improving the overall environmental performance of bioplastic
packaging options [44].

The calculation for the global sustainability performance of bio-based plastics was
conducted by Spierling et al. [46] for the environmental impact category global warming
potential. Their results showed that bioplastics could potentially save 241 to 316 Mio. t of
CO2-eq. per year. However, although bioplastics have potential environmental benefits
for global warming and nonrenewable energy use, the agricultural inputs required for
bioplastics’ raw material production are often negated [33]. In other words, according to
Rosenboom et al. [31], compared with fossil-based plastics, although bio-based plastics can
potentially bring some benefits, such as lower carbon footprint, they can have negative
agricultural impacts, unclear EOL management, food production competition, and higher
costs. Hence, appropriate and effective strategies are required to better manage (i) LCA
guidelines and existing bioplastic identification standards and (ii) the development of
financial incentives and clear regulations [31]. Moreover, a coordinated approach within
the whole value chain is crucial to achieving an integrated and innovated business model
that incorporates efficient resource management activities—namely, mechanical recycling,
chemical recycling, and energy/thermal recovery [47].

3.2. Recent Progressive Bio-Based Products Solutions in Ukraine

In order to provide financial support to Ukrainian startups in the form of grants, two
main programs in Ukraine should be noted: (i) the Grant program of the Ukrainian Startup
Fund (USF), which aims to promote the creation and growth of early-stage technology
startups in Ukraine to increase their global competitiveness [48] and (ii) Startup Kyiv
or National Startup Competition Ukraine, which aims to promote innovative startups’
advances and to reward them with tools that will add to their entrepreneurial learning
curve [49].
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Recently supported startups by Startup Kyiv are working toward making an impact
in the world and have incorporated Sustainable Development Goals (SDGs), CE, or re-
generative approaches to their idea. Startup Kyiv provides a set of benefits to startups,
including access to a Digital Bootcamp, receiving feedback from business professionals,
gaining national and international exposure, becoming part of a network of like-minded
entrepreneurs, and competing for a chance to represent Ukraine at University Startup
World Cup (USWC). For the last five years, Startup Kyiv accelerated several startups in the
“Environmental” category with a focus on traditional plastics alternatives [49].

Furthermore, to impulse ideation toward finding solutions in bioplastics development
and bio-based polymers recycling, a few hackathons on the topic were held in Ukraine. For
instance, the first hackathon, entitled “Plastics challenge Hackathon 2021” (PlasticCH2021),
was held at Sumy National Agrarian University on 27–28 May 2021 [50]. PlasticCH2021
was the partner event for EU Green Week 2021. The event aimed to consolidate academic
and business efforts to find innovative solutions and support the initiatives of innovators in
the development of bio-based products as replacements for traditional plastics, bioplastics,
and polymers recycling in compliance with the “EU Plastics Strategy” and the “EU Circular
Economy Action Plan”. PlasticCH2021 was the first Ukrainian forum in which the latest
studies and practices in plastics circularity and sustainability areas were shared, discussed,
and promoted.

A method for obtaining films based on chitosan was presented by a team from the
Institute of Applied Physics of the National Academy of Sciences of Ukraine Oksana
Kalinkevich in PlasticCH2021 [51]. These films (illustrated in Figure 2) can be used as
packaging materials, especially for food products. Packaging made of this polymer is
completely biodegradable. The polymer base of such films, chitosan, is a derivative of
chitin, the second most common biopolymer in nature. Crustacean processing wastes
(ocean krill, shrimp, and crabs) are mainly used as a source of chitin, but other sources,
such as fungal biomass and insect exoskeletons, have recently received increasing attention
in this regard [52]. In addition to packaging materials, it is possible to produce a lot of
other materials based on chitin and chitosan that have a number of valuable consumer
properties [53].
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Among the many bio-based products and bioplastic initiatives, the production technol-
ogy based on the use of mycelia deserves special attention. The Ukrainian workshop S.Lab
makes dishes, decor, building materials, and furniture from mycelia and hemp (Figure 3a).
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Mycelium is a complex network of interlaced microscopic fibers, comprising the vegetative
part of Saprophytic fungi [54], and is a key component for the binding of various resid-
ual substrates, turning them into functional, high-value materials. For mycelium-based
products, raw materials or substrates such as small grain crop waste, straw, sunflower
husks waste, woodworking industry residuals, agricultural wastes can be applied, which
are inoculated with mycelia. The cultivation of a mycelium requires favorable conditions,
which can be provided in the laboratory, as the biological process is stopped by drying.
The process of growing the product takes 5–7 days in the Ukrainian Workshop S.Lab. The
resulting products are environmentally friendly and decompose within 30–45 days [55].
Similar technology for growing mycological biomaterial, but with the use of other sub-
strates, was proposed by scholars from Kherson State Agrarian and Economic University
(Figure 3b). The biopolymers presented by these scholars are light, flexible, durable, and
100% compostable. This innovative technology has the potential to radically change the
existing standards of consumption of a wide range of chemical products, for instance, in
interior design, architecture, construction, horticulture, and packaging [56].
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As part of the PlasticCP2021, edible packaging for semifinished products and sticks
(Figure 4a) was presented by Sumy National Agrarian University. The developed packaging
consists of 50% food waste, including fillers (e.g., leftover vegetables and fruits), and 50%
binders—namely, biopolymers obtained from animal bones and fish [57]. This packaging is
100% compostable, and the technology and materials used make the disposable packaging
edible. Since this packaging is water-soluble, it is advised to be used for sugar, tea, and
coffee sticks instead of traditional packaging. In the same vein, storing oil-stewed vegetables
for soups in this package is also experimented with (Figure 4b). The developers of this
packaging also tested packaging made of nuts shells and eggshells, which decompose in
natural conditions, i.e., do not require additional conditions for disposal and, therefore,
are completely safe for the environment [57]. Figure 5a,b show experimental laboratory
prototypes of biodegradable packaging and labels made from eggshells, respectively, which
can be disposed of using the composting method. These two promising solutions were
presented within a special case from Galicia and received financial support for moving
toward marketization. For the inscriptions on the label, dyeing from natural dyes obtained
from vegetable residues was used. Moreover, since the presented packaging and label are
made exclusively of organic food materials, they can be used as a food additive for poultry,
in particular hens. For this packaging production, confectionery enterprises could become
potential “suppliers” of eggshells as raw materials, and poultry farms could be potential
“consumers” of this packaging at its EoL [57].
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Several solutions for disposable tableware production have been proposed by Ukrainian
developers over the last four years. As raw materials, the developers use natural materials
and waste, including beet pulp, flax, hemp, soybean and cornmeal, leaves and stems of corn,
and spent coffee grounds. The production technology of disposable tableware that utilizes
spent coffee grounds has been proposed by Dmytro Bidyuk from the startup “Rekava”
(Figure 6a). The advantage of this type of tableware is its easy disposal after use as fertilizer,
animal feed additive, or biofuel. The project is currently being developed with the prospect
of launching a production line [50]. Moreover, the production technology of disposable
tableware using beet pulp, flax, hemp, soybean, and cornmeal as a raw material (Figure 6b)
was proposed by the “Bionus” startup. This tableware is manufactured by compression
molding in high temperatures [50]. Similar production technology for disposable tableware
from corn waste was proposed by researchers from Uzhorod National University. As raw
materials, the developers used corn leaves and stems, as well as edible and/or inedible
starch (chestnuts and acorns) [58]. The technological properties of this disposable tableware
include thermal stability, strength, ease of production, and low price, and it can be disposed
of as fertilizer, animal feed, and biogas after use.
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Leaf processing technology with a subsequent paper production was proposed by the
startup “Re-leaf” as an innovative solution in the fight against traditional plastic. Figure 7
shows a craft paper made by using this technology with a density of 80 and 90 g/m2 that has
appropriate physical and mechanical characteristics, making it suitable for packaging [8].
In the proposed technology, fallen leaves are separated from garbage, dried, and granulated.
Then, granules are combined with waste paper in appropriate proportions, and rolls of
paper are made. In the production of paper, cellulose fibers from fallen leaves can be used
as the main or additional components. The peculiarity of products from fallen leaves is that
sulfur and chlorine compounds are absent in the technological process, in contrast with
traditional production. To obtain one ton of paper, 2.3 tons of fallen leaves are required,
which saves an average of 17 trees. In addition, the environmental benefits would be a
reduction of 15 times water consumption, and a reduction in CO2 emissions by 78.3%.
Disposal of containers and packaging from fallen leaves involves the use of traditional
recycling technologies [8].

Recycling 2022, 7, x FOR PEER REVIEW 11 of 15 
 

 
Figure 7. Biodegradable bags made of leaves (Open source photos) [8]. 

The production of environmentally friendly glass frames from spent coffee grounds 
(Figure 8) is another original solution, which was proposed by the startup “Ochis”. These 
coffee glasses are made of recycled coffee grounds, natural oils, and a biopolymer based 
on vegetable oils that are used as a binder. The glasses are waterproof due to a special 
type of hydrophobic coating. The technological process includes 39 stages of processing, 
most of which are performed manually. The biomaterial of the frames decomposes in 
about 10 years, under natural conditions [50]. 

 
Figure 8. Coffee glasses “Ochis” from spent coffee grounds (Open source photo) [50]. 

4. Challenges and Future Perspectives 
Despite the significant potential of bio-based sustainable products and bioplastics to 

replace petroleum-based plastics across industries, emerging challenges and barriers arise 
when new alternatives enter the market. 

In this regard, bioplastics recycling has increased the risk of contaminating the 
current recycling system due to the lack of adequate waste management legislation and 
appropriate recycling practices. Since bio-based plastics are different from fossil-based 
ones, they require appropriate and sustainable recycling practices. Today, bioplastics 
often enter technical recycling chains after use because of inadequate collection 
infrastructure and recycling capacity [59]. This leads to disturbing the current recycling of 
plastics, thereby making it more complicated to close the loop of conventional plastics 
[59]. Along the same line, Alaerts et al. [60] highlighted that bio-based plastics potentially 
separate sources of contamination in current recycling systems. For instance, for PLA, a 
severe incompatibility with PET recycling is known, and future recycling risks are 
assessed by measuring amounts of PLA ending up in the PET waste stream [60]. For this 
particular case, with the growth of the market share of PLA, the risks associated with 
closing the loop of PET will increase if the first stream remains uncontrollable. 

Lima et al. [59] showed that, in many cases, biodegradable bioplastics-related laws 
and regulations have not been well clarified to enable proper and effective waste 
management. As a result, due to the lack of an inclusive policy toolkit to sufficiently 
encourage using bioplastics in a sustainable manner, the risk of emerging pseudo-

Figure 7. Biodegradable bags made of leaves (Open source photos) [8].

The production of environmentally friendly glass frames from spent coffee grounds
(Figure 8) is another original solution, which was proposed by the startup “Ochis”. These
coffee glasses are made of recycled coffee grounds, natural oils, and a biopolymer based on
vegetable oils that are used as a binder. The glasses are waterproof due to a special type
of hydrophobic coating. The technological process includes 39 stages of processing, most
of which are performed manually. The biomaterial of the frames decomposes in about
10 years, under natural conditions [50].
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4. Challenges and Future Perspectives

Despite the significant potential of bio-based sustainable products and bioplastics to
replace petroleum-based plastics across industries, emerging challenges and barriers arise
when new alternatives enter the market.

In this regard, bioplastics recycling has increased the risk of contaminating the current
recycling system due to the lack of adequate waste management legislation and appropriate
recycling practices. Since bio-based plastics are different from fossil-based ones, they
require appropriate and sustainable recycling practices. Today, bioplastics often enter
technical recycling chains after use because of inadequate collection infrastructure and
recycling capacity [59]. This leads to disturbing the current recycling of plastics, thereby
making it more complicated to close the loop of conventional plastics [59]. Along the same
line, Alaerts et al. [60] highlighted that bio-based plastics potentially separate sources of
contamination in current recycling systems. For instance, for PLA, a severe incompatibility
with PET recycling is known, and future recycling risks are assessed by measuring amounts
of PLA ending up in the PET waste stream [60]. For this particular case, with the growth of
the market share of PLA, the risks associated with closing the loop of PET will increase if
the first stream remains uncontrollable.

Lima et al. [59] showed that, in many cases, biodegradable bioplastics-related laws and
regulations have not been well clarified to enable proper and effective waste management.
As a result, due to the lack of an inclusive policy toolkit to sufficiently encourage using
bioplastics in a sustainable manner, the risk of emerging pseudo-solutions can occur in the
market, leading to intensifying the rebound effects of bioplastics production and utilization
for communities. In the same vein, legislative norms and standards across countries need to
be more in line with promoting sustainable alternatives to contribute to the bio-based CE.

Despite an expected increase in the production of bio-based products, the bioplas-
tic market is still limited due to the low availability and lack of information in public,
high prices, and insufficient marketing strategies [61]. Moreover, many consumers are
not necessarily ready to adopt bioplastic-based products [23]. Nevertheless, research on
consumer preferences, attitudes, choices, and perceptions in the context of bioplastics is
still in its infancy stage [23]. As a result, in addition to the technological infrastructure and
production facilities aspects, motivating consumer intention to switch from conventional
plastic products to bio-based plastic products is a significant challenge that needs more
research and effort.

5. Conclusions

The development and production of bioplastics have gained much attention in academia
due to their biodegradability. Bioplastics and bio-based products and materials seem to be
a sustainable alternative to petroleum-based plastics, due to their potential in decreasing
pollution and greenhouse gas emissions. Hence, investments in the bio-based sector for bio-
plastic production and utilization have gained momentum among policymakers, municipal
authorities, practitioners, and research communities. In this regard, many countries world-
wide are installing new production capabilities [5] in response to the growing demand of a
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wide range of industries from packaging to electronics, pharmaceuticals, agriculture, and
textiles toward implementing CE platforms.

This research aimed at providing the current state-of-the-art of bioplastics and bio-
based products developments, trends, and challenges to replace petroleum-based plastics.
To this end, a systematic literature review, supported by content analysis, was carried out
in two stages. First, the major research themes of the literature related to bioplastics and
bio-based products were identified and discussed. Then, the most recent advancements
were provided in the context of bioplastics and bio-based products initiatives in Ukraine,
as the second-largest country by area in Europe, which have gained publicity through
local startup programs and hackathons. The provided review supports using the bio-based
sector potentials to foster the CE transition by (i) presenting recent bioplastic and bio-based
products solutions that mainly come from the industry and startups rather than academia,
(ii) providing insights to encourage academic debate and bridging industry practitioners
and research communities, and (iii) identifying the main challenges and future perspectives
for further investigations, including recycling challenges, lack of an inclusive legislation
and policy framework, and the need to motivate consumers for using bio-based products.
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