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Abstract: The COVID-19 pandemic has been one of the most unprecedented crises of recent decades
with a global effect on society and the economy. It has triggered changes in the behavior and consumption patterns of both final consumer and industrial consumers. The consumption patterns
of industrial consumers are also influenced by changes in consumer values, environmental regulations, and technological developments. One of the technological highlights of the last decade
is biocomposite materials being increasingly used by the packaging industry. The pandemic has
highlighted the problems and challenges of the development of biocomposites to adapt to new market
conditions. This study aims to investigate the industrial consumption of biocomposite materials
and the influence of the COVID-19 pandemic on the main stages of the value chain of sustainable
industrial consumption of biocomposites. The research results reveal there is a growing interest
in the use of biocomposites. Suppliers and processors of raw materials are being encouraged to
optimize and adapt cleaner production processes in the sustainable transition pathway. The study
highlights the positive impact of COVID-19 on the feedstock production, raw material processing,
and packaging manufacturing stages of the value chain as well as the neutral impact on the product
manufacturing stage and negative impact on the retail stage. The companies willing to move toward
the sustainable industrial chain have to incorporate economic, environmental, social, stakeholder,
volunteer, resilience, and long-term directions within their strategies.
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The Sustainable Development Goals (SDG) of the United Nations (UN) provides a
global road map of seventeen objectives promising access to sustainable development, and
SDG12 in particular is devoted to the promotion of sustainable consumption and production [1]. According to the UN (2021), the material footprint has significantly increased (by
70%) since the year 2000, highlighting threats of a sharp increase in the use of plastic bags
and bottles and a comparatively small amount of plastic and electronic waste recycled. The
scientific community confirms the importance of SDGs in addressing economic, social, and
environmental issues that plague the world and promotes the concept of sustainability [2].
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However, the implementation framework of SDGs is criticized by researchers and practitioners due to the lack of clear and sound practical tools for the sustainable transition and
change toward sustainable consumption [3].
The circular economy advocates sustainable development, promoting the necessity
to strike a balance between environmental and economic values. In turn, this leads to the
need for solutions that help businesses ensure both a positive impact on the environment
and insufficient financial returns on profit and investments [4,5].
While climate change remains one of the biggest global challenges, the current
COVID-19 pandemic also highlights environmental and climate challenges. Achieving zero
greenhouse gas emissions requires economic and social change. The packaging industry as
one of the biggest contributors to the greenhouse effects is one of the first to be forced to
respond to the goals of the European green transition, which envisages the implementation
of an industrial policy for the circular economy [6], and the UN Sustainable Development
Goals [1]. Several of the European Union leading retailers are committed to a full transition
toward circular economy business models, including the use of 100% recycled or other
sustainably sourced materials by 2030 [7].
The growing variety of environmental restrictions and requirements of policymakers
is a catalyst for an increase in the demand for renewable and biodegradable composite
materials. Recent advances in the availability of biodegradable polymers and the focus on
the use of natural fibers have offered opportunities to produce highly durable biodegradable
polymer composite systems [8]. During the COVID-19 crisis, consumers have also taken the
lead in forcing industries to change and invest in innovations that facilitate the reduction
of the environmental footprint [9].
With the overall increase in consumption stimulated with more sophisticated applications and products introduced within the market, the market for bioplastics is continuously
growing and diversifying. The global production capacity of bioplastics is set to increase
from around 2.11 million tons in 2020 to approximately 2.87 million tons in 2025. The
production capacity of biodegradable plastics is increasing due to the availability of new
types of raw materials [10].
There are several important arguments for the manufacturers encouraging improvements, which already have been substantiated in previous studies:

•
•
•
•
•
•

Public and customer requirements [11] for sustainable and especially environmentally
friendly solutions derived by regulations and quality management standards [12].
Opportunity to stand out in the industry with innovations triggered by the adoption
of environmental requirements asserted by the Porter hypothesis [13,14].
Strategic goals and the motivation of companies to increase competitiveness and value
by ensuring environmentally responsible and sustainable performance [15–17].
Opportunities for the development of new sustainable business models and creation
of revenue streams [18]
Corporate social responsibility (CSR) program and the sustainability performance [19,20].
Sustainable positioning of the company [20,21] and the green branding [22,23] as
unique sales offers in the industry based on the product declaration or the Life Cycle
Analysis (LCA) to avoid the “greenwashing” practice [24–27].

Unless the introduction of sustainable packaging has been shown to drive sales or
reduce costs, companies, despite promoting their sustainability intentions, lack the business
opportunity to pursue more sustainable packaging.
The circular economy emphasizes the importance of reuse and recycle principles
rather than extracting natural resources. This means that previously used materials should
be recovered and reused in different ways, thereby securing natural resources from overexploitation [28]. In turn, this requires the development of innovative technologies that
allow the recovery of valuable materials [29].
At present, much more than before, the new sustainability transition has escalated the
necessity of companies and their supply chains to reconsider the contribution to three important values—environmental, social, and economic: the so-called triple bottom line [30].
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This study aims to investigate the industrial consumption of biocomposite materials
This study aims to investigate the industrial consumption of biocomposite materials
and the influence of the COVID-19 pandemic on the main stages of the value chain of
and the influence of the COVID-19 pandemic on the main stages of the value chain of
sustainable industrial consumption of biocomposites. This research has a particular focus
on the industrial stakeholders in the value chain until packaging reaches the end consumer.
Thus, the end consumers and the waste management aspects have not been covered by this
research, forming limitations and an avenue for future research.
This research contributes to the theory and practice regarding the enablers and challenges for the use of biocomposites in the further transformation toward more sustainable
consumption. This study highlights the research gaps that still need to be investigated
regarding the impact of COVID-19 on the sustainable consumption of end consumers
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and their changing behaviors that confront the traditional less sustainable practices of
industrial consumers.
The paper is organized in the following sections: the second section provides an
analysis of the literature. The third section explains the methodological approach and
research methods applied within this study. The fourth section reveals the results of the
exploratory research. The fifth section represents the interpretations of the main issues
discussed and summarizes the implications stated. In addition, the conclusions, limitations,
and the future research agenda are summarized in the last section of this article.
2. Literature Review
First, a comprehensive and non-systematic literature search was performed with
Google Scholar to identify the most appropriate keywords and phrases in order to select
the most appropriate literature and conduct a more accurate literature review. Based on
the initial literature search and key concepts identified, we selected peer-reviewed articles
from the SCOPUS database in order to conduct an in-depth literature review. In order
to widen views and deepen the theoretical analyses, we purposefully added additional
scientific articles (e.g., from Ebsco, Emerald databases, and other sources referenced by
other researchers) [35–37].
Based on an in-depth literature review, this paper explores the related concepts of
sustainable industrial consumption and the role of biocomposites within this area. The
literature analysis provided an investigation of the overall insight and deeper artifacts from
the academic debates into the relevant topics under investigation [38,39].
2.1. Sustainable Industrial Consumption
Within the literature review, publications were selected from the SCOPUS database
using the keywords “sustainable consumption”, with a particular focus on the business
to business (B2B) or the industrial relationship. In total, 1238 publications were selected
from the SCOPUS database using the following keywords: TITLE-ABS-KEY (“sustainable
consumption”) AND (“B2B” OR “Industrial”). A chronological analysis of the most common words was performed using VOSviewer grouping these keywords within clusters of
interrelated keywords (Figure 2). At the beginning of the last decade, the research paid
more attention to ensuring environmentally-friendly manufacturing [12,40–42], material
flow [43–45], and resource efficiency [46–48] with its impact on the environment and climate change. The energy and natural resources were of particular interest [47,48]. The
most common empirical research methods applied by the academic community are the
input–output analysis [49], life cycle analysis [50], and statistical modeling of scenarios
related to the footprint [51,52].
While in the previous decade, there was a significant interest in this field among
environmental and engineering researchers, the scientific debate within the social sciences
has been intensifying in the last 5 years in such disciplines as entrepreneurship, innovation,
management, and marketing [53–55]. The academic community has widened investigation
subjects to the adoption of practical tools and methods encouraging sustainable industrial
consumption within organizations [56–58]. More importantly than before, researchers
explore waste management from the perspectives of its recycling or use as a valuable
resource for creating new products and the added value for the customer, shareholders
of ventures, other stakeholders, and wider society [59–61]. Recently introduced research
topics cover the sustainable value chain, new sustainable business models, the creation and
delivery of sustainable value, and changes in the consumption patterns to more sustainable
consumer behavior [54,62–64].
The most important trends within the scientific literature show that the term “sustainable consumption” appeared at the end of the last century, and its popularity has grown
moderately over time. The dynamics can be linked to different political and historical
events. In a broader sense, researchers link sustainable consumption with more specific
patterns and habits for purchasing and consuming goods [65,66] or an introduction of
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and economic interests of stakeholders are predominant factors to increase the value and
achieve the competitive advantage. In a sustainable value chain, these factors must be
balanced with environmental values. Accordingly, these factors often prevail as constraints for companies to develop a sustainable value chain, but they should be major
within the sustainability policies [83].
6 of 27
The chronological application of keywords reveals that in the middle of the last decade on sustainability issues in the context of supply chains, academic discussions were
focused on environmental requirements as well as the footprint and the environmental
and
economicofinterests
of stakeholders
are predominant
factors to
increase
value
and
performance
the manufacturers
[37,84–86].
The food industry
has
been ofthe
large
interest
achieve
the competitive
advantage.
In a sustainable
value chain,
these
must
be
to researchers
[85,87]. Moreover,
geographically,
the issues
of India
andfactors
China are
most
balanced
with
environmental
values.
Accordingly,
these
factors
often
prevail
as
constraints
often discussed and reflected in the research. In recent years, sustainability issues have
for
companies
to develop
a sustainable
value in
chain,
but broader
they should
be major
within the
become
increasingly
important
and analyzed
a much
context
[85,88].
sustainability policies [83].

Figure
Figure 3.
3. The
The overlay
overlay visualization
visualization of
of co-occurrence
co-occurrence of
of keywords
keywords “sustainable
“sustainable supply
supply chain”
chain” and
and
“value
chain”
based
on
the
SCOPUS
articles,
which
was
created
by
the
authors
using
VOSviewer
“value chain” based on the SCOPUS articles, which was created by the authors using VOSviewer
(version 1.6.17).
1.6.17).
(version

The
chronological
of keywords
that in
the chain
middle
of the last
Seuring
and Müllerapplication
[37] emphasized
that thereveals
sustainable
value
envisages
the
decade
on sustainability
issuesand
in the
context
of supply
chains,to
academic
discussions
were
integration
of environmental
social
principles
in addition
the economically
rational
focused
environmental
requirements
as wellthe
asmotivation
the footprint
and the environmental
purchaseon
and
supply decisions;
although often,
to integrate
environmental
performance
of
the
manufacturers
[37,84–86].
The
food
industry
has
been oforlarge
interest
and social principles is derived from specific standards (e.g., ISO, TEQM)
government
to
researchers
[85,87].
Moreover,
geographically,
the
issues
of
India
and
China
are
most
regulations. These researchers proposed the necessity of more transparent collaboration
often
discussed
and
reflected
in
the
research.
In
recent
years,
sustainability
issues
between the sustainable supply chain actors, allowing for the possibility to track and have
evalbecome
important
and
in a much
broader
context
[85,88].
uate theincreasingly
performance,
risks, and
theanalyzed
clean, green,
and lean
aspects
of production
of raw
Seuring
and Müller [37] emphasized that the sustainable value chain envisages the
materials
[37].
integration of environmental and social principles in addition to the economically rational
purchase and supply decisions; although often, the motivation to integrate environmental
and social principles is derived from specific standards (e.g., ISO, TEQM) or government
regulations. These researchers proposed the necessity of more transparent collaboration
between the sustainable supply chain actors, allowing for the possibility to track and
evaluate the performance, risks, and the clean, green, and lean aspects of production of
raw materials [37].
Researchers Ahi and Searcy [89] argue that the sustainable supply chain means having
a greater focus and coordination over the materials or product flows, encountering the
involved stakeholders in a closer relationship, as well as keeping a strong streamline
on the value, efficiency, and performance. Thus, the sustainable supply chain requires
the management of the flows of materials, resources, finances, and information, paying
specific attention to engagement with collaborative networks as well as the economic value
and also the creation of environment and social values, thus leading to more satisfied
customers. Ahi and Searcy [89] highlight that the sustainable value chain incorporates
the economic, environmental, social, stakeholder, volunteer, resilience, and long-term
strategies or business directions. These are not just declarative statements but important
issues that should be observed and adopted in any organization belonging to the sustainable
supply chain [89].

supply chain [89].
2.2. The Sustainable Industrial Consumption of Biocomposite Materials
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The analytical results
of the Ngram
Viewer
screening verify
and confirm
the relevance
The creation
of a model
of sustainable
industrial
consumption
that would help
and significance
of selected
concepts and
keywords
for the further
in-depth literature
duce
the environmental
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with conventional
plastics, includ
review. Given that “what makes the Ngram Viewer a valuable research tool is not primarily
its accuracy, but rather its potential for quick-and-dirty heuristic analysis” ([90], p. 9), this
illustrates the dynamic changes and trends on the interest of particular terms, keywords,
and concepts.
The creation of a model of sustainable industrial consumption that would help reduce
the environmental problems associated with conventional plastics, including microplastic
pollution in habitats, still seems a utopian idea in the near future, given that conventional
plastics (polypropylene—PP, polyethylene terephthalate—PET, high-density polyethylene—
HDPE, etc.) play a key role in the economy [91].
While the world is struggling with the recycling of conventional plastics, another
way to respond to this problem would be to develop and use bio-based or biodegradable
plastics as a sustainable alternative to petroleum-based plastics [92]. These materials mainly
help to preserve fossil reserves by replacing fossil carbon. They also provide additional
benefits: biocompatibility, biodegradation, and carbon dioxide (CO2 ) sequestration, which
are important for reducing global warming [93].
It is important to emphasize that the terms “bio-based plastic” and “biodegradable
plastic”, which are often used in the scientific literature, are fundamentally different.
Biodegradable polymers are materials that are capable of degrading when subjected to
aerobic, anaerobic, or microbial processes. Biodegradability can be defined as the ability of
compounds to degrade completely under the influence of various factors, including the
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size, thickness, and composition of the material. However, it should be stressed that biobased plastics are produced from renewable sources and can be either biodegradable (e.g.,
polymerized starch or polylactide) or non-biodegradable (e.g., bio-polyethylene), which is
a significant part of the environmental impact assessment. It should also be mentioned that
bio-polyethylene is only recyclable for a few cycles until it significantly loses its original
properties [94,95].
Many initiatives have been introduced to promote the concept of sustainable packaging. The Sustainable Packaging Coalition (SPC) in 2011 formulated the industry-accepted
definition of seven conditions specifying the following seven criteria for sustainable
packaging [96]:

•
•
•
•
•
•
•

Beneficial, safe, and healthy for all individuals and communities throughout their life
cycle;
Meets market criteria for performance and costs;
Obtained, produced, transported, and processed using renewable energy;
Produced using renewable or recycled raw materials and clean production technologies;
Made of harmless materials in all possible end-of-life scenarios;
Designed to optimize used materials and energy consumption;
Recovered and utilized in industrial and/or biological cradle-to-cradle or closed-loop
cycles.

The SPC definition is widely recognized and includes the functional, environmental,
and technological dimensions of sustainable packaging. Therefore, sustainable packaging
may protect the product and communicate its properties, including reusing materials and
reducing waste throughout the packaging life cycle from production to consumption, as
well as during the disposal and post-disposal phases [97,98].
Sustainable packaging has to be designed with innovative bio-based plastic packaging
materials and meet the following parameters:

•
•
•

The materials must be optimized to improve the shelf life of the product;
The packaging should be intended for recycling;
Bio-based materials should be efficiently produced from the second-generation feedstock.

Monoplastic materials are preferred because the recycling of such packaging material
preserves functional properties and chemical safety. The sum of the climate and environmental impacts of packaging/food systems should be assessed throughout their life cycle
and reduced to the chosen design [99,100].
Designing a more sustainable food packaging is a difficult task, as many different parameters need to be considered. Life Cycle Assessment (LCA) tools are available and should
be used to quantify and compare the environmental impact of different types of packaging,
considering the overall product framework. LCA should be able to make informed and
holistic decisions about how to improve the sustainability of food packaging [50,100].
Some of the factors hindering the introduction of more sustainable packaging solutions
on the market are consumer awareness of unknown technologies, costs, regulatory issues,
and the belief that sustainable packaging fails to protect food (e.g., moisture barriers) [100].
With the introduction of the concept of sustainable development, there is also a rapidly
growing interest in the use of biodegradable polymers in the production of new composite
materials [101,102]. One of the fastest-growing industries is polylactic acid, which differs
from the commonly available form of thermoplastic polymers. It is mainly derived from
renewable resources such as maize starch or sugar cane [103].
Recently, during the COVID-19 pandemic, consumers showed an increased desire for
their personal safety and health [104,105]. This affects the safety standards and requirements for packaging materials, and in addition to the flexibility or rigidity, the durability or
physical integrity of materials; thus, there is a growing interest in the use of sustainable and
natural materials [8,106,107]. It means that at the same time, while considering the possibilities to adopt sustainability characteristics, the packaging materials must provide adequate
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isolation properties against water vapor, gases, odors, and other protection against various external factors. Polylactic acid (PLA) is one of the most recognized biodegradable
materials [108], which is not only used in the food industry but also in the biomedical
and pharmaceutical industries [109,110]. As reported by Cohn et al. [111], PLA is recognized as safe for use in the food contact. Nevertheless, the final properties of PLAs may
vary and depend on their chemical–physical, barrier, thermal, and mechanical properties.
These properties can be adapted to the intended use by altering the structure of the PLA
(amorphous and crystalline ratio, different meso-lactide ratio, and molecular weight) [108].
Previous research [8,107,108] proved that biodegradable polymers are promising
and potentially in-demand materials not in the near future but already in the reality of
today’s packaging and delivery systems. However, there is still a scope to explore ways
for improving the applicability of these materials, both in terms of their characteristics of
the technical feasibility and in terms of their desirability and cost-effectiveness to use them
by various industries. The main advantage of biocomposite materials is found not only in
their natural origin but also in providing a closed circle “from nature to nature” as these
materls decompose into the naturally occurring components.
2.3. Role of Biocomposites in Industrial Consumption
In order to conduct further in-depth literature analysis, in total, 1361 articles were
selected within the SCOPUS database using keywords “biocomposite” and “biopolymers”.
The interconnection of keywords was analyzed by VOSviewer, and the visualization of
results highlights the main clusters or concepts explored most often in the previous studies.
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The non-degradable nature of conventional plastic waste in ecosystems has increased
consumer interest and scientific research into more environmentally friendly bio-based
plastic materials and biocomposites [111]. Due to the advantages of recyclability, lightness, and cost-effectiveness, biocomposites are of interest to researchers in the field [111–
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The non-degradable nature of conventional plastic waste in ecosystems has increased
consumer interest and scientific research into more environmentally friendly bio-based
plastic materials and biocomposites [111]. Due to the advantages of recyclability, lightness,
and cost-effectiveness, biocomposites are of interest to researchers in the field [111–114].
Biocomposite constituents such as bio-based polymers and fillers are obtained from renewable natural sources and can serve as a possible replacement for oil-based non-renewable
plastics [115]. Biocomposites are reasonably less likely to have an impact on the environment and therefore are considered safer for both human and other living habitats. In
addition, most of them are recyclable and reusable. One of the most important benefits
of biocomposites is that these materials have a manageable potential at the end of disposal [116]. Biocomposite raw materials are divided into two groups: the first group of raw
materials is wood (their use in larger quantities can lead to deforestation and affect biodiversity), while the second group of raw materials is lignocellulosic waste or production
by-products collected from food, forest, and agricultural residues. Until now, the second
group of by-products has been used for the development of biocomposites, although their
commercialization is still limited. Extensive research in the field of biocomposites has led
to the development of various types of biocomposites [117].
The role of the reinforcement phase in biocomposite material is to increase the mechanical properties of the polymer matrix system, with different reinforcements having
different properties, thus influencing the composite properties in different ways [118]. The
need to improve and stimulate rural economies as well as reduce the world’s dependency
on petroleum-based materials has resulted in much interest and focus on the use of various
varieties of natural fibers as reinforcing agents for composite materials [119]. The high
strength, availability, low cost, sustainability, and eco-friendly characteristics of natural
materials such as agricultural waste make them quite beneficial and efficient as reinforcement for composite materials [120]. Other advantages of natural fibers over synthetic
fibers include their acceptable specific properties, ease of separation, and enhanced energy
recovery. These advantages of natural fibers (flax, hemp, kenaf, henequen, banana, oil palm,
and jute) over synthetic fibers have given lignocellulosic fiber substitutes huge potential
for synthetic fibers. In contrast to synthetic fiber-based polymer composites, natural fiberbased composites can be disposed of easily or composted at the end-of-life stage without
polluting the environment [121,122].
The commonly used natural feedstocks for biocomposites are flax, hemp, jute, and
sisal (see Table 1). There is growing market interest in the use of hemp fiber for a variety of
applications due to its quality, availability, and cost. Hemp is a sustainable multi-purpose
crop, because it is possible to use all parts of the plant efficiently. Hemp-based materials are
reusable, biodegradable, and/or compostable, which helps in achieving the goals of the EU
Circular Economy Action Plan and initiatives to stimulate lead markets for climate-neutral
and circular products in energy-intensive industrial sectors [10].
Hemp fibers are one of the most environmentally-friendly natural fibers with high
tensile strength; they retain their strength in the wet state and other properties that make
them suitable for a variety of industrial products. Therefore, hemp is one of the most
promising sources of renewable resources to replace non-renewable components in a
wide range of industrial products. From the point of view of the concept of sustainable
development, the advantage of hemp fiber extraction is that it is possible to use all parts of
the plant to produce different products at the same time—hemp seeds, their shells, hemp
stalks, thus maximizing their added value. Combining natural fibers in the composite with
a matrix derived from natural products succeeds in solving one of the most important
problems of the century—preserving the viability of the environment [123].
The European Industrial Hemp Association [124] reported that hemp could allow us
to capture and store significant amounts of CO2 . One tonne of harvested hemp stem corresponds to 1.6 tonnes of CO2 absorption. Based on land use, using an average yield of 5.5 to
8 t/ha, this is 9 to 13 tonnes of CO2 absorption per hectare harvested. Hemp cultivation
requires little or no resources, and it has a positive impact on soil and biodiversity. As all
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parts of the plant can be used or further modified, its treatment does not generate waste.
Beneficial effects can also be seen in future crops in this soil: studies have shown that wheat
yields have increased by 10 to 20% since hemp cultivation [124].
Table 1. Property comparison of the commonly used fibers for biocomposites, created by authors
based on [122].
Fiber Type
(g/cm3 )

Density
Tensile Strength (Mpa)
Tensile Modulus (Gpa)
Specific Modulus
Elongation to Break (%)
Cellulose (wt %)
Hemicellulose (wt %)
Lignin (wt %)
Moisture content (wt %)
Cost per weight (EUR/kg)

Flax

Hemp

Jute

Sisal

1.4–1.5
343–2000
27.6–103
45
1.2–3.3
62–72
18.6–20.6
2.3
8–12
8.0

1.4–1.5
270–900
23.5–90
40
1–3.5
68–74.4
15–22.4
3.7–10
6.2–12
1.1

1.3–1.5
320–800
8–78
30
1–1.8
59–71.5
13.6–20.4
11.8–13
12.5–13.7
0.3

1.3–1.5
363–700
9–38
17
2–7
60–78
10–14.2
8–14
10–22
0.9

New composite materials are constantly being developed in the world, which envisages a wide range of applications. Biodegradable composite material from hemp fiber and
polylactide or polymerized corn starch provides the necessary mechanical properties for a
wide range of applications, and also the material development technology is suitable for
products of various shapes and scales.
Biocomposites are innovative materials consisting of an environmentally friendly
polymer matrix and reinforcing fibers and are currently an alternative to traditional composite materials. These materials have a wide range of applications. For biocomposites to
be classified as biodegradable and green, they must comply with the principles of Green
Chemistry, which is part of the concept of sustainability [125]. To integrate the SDG with
biocomposites development and consider them sustainable materials, the acceptance of
Green Chemistry principles plays a fundamental role [126,127]. Natural fiber-reinforced
PLA biocomposites have potentially valuable properties such as their low density, low cost,
and reduced solidity when compared with synthetic biocomposite products [108].
Biocomposites could be classified as bio-based only when both their constituents
originate from natural resources. However, it is defined as a green material if the polymer
matrix is derived from biomass or petroleum-based sources, and at the same time, the
biocomposite is biodegradable [128]. Chemat et al. [128] reported that a relevant example
of the petrochemically-derived green biocomposite is poly (ε-caprolactone) (PCL), which
is sourced petrochemically, and yet, it is completely biodegradable by aerobic/anaerobic
biological processes to carbon dioxide, water, methane, and biomass. It should be noted
that the concepts of biological and green should not be confused with “sustainable” biocomposites, which take into account not only one or two aspects, but the whole life cycle of
the composite, from cradle to grave [129].
The biocomposite development process could involve the use of biotechnological
methods to replace the non-renewable resources, using low-impact manufacturing chemicals and methods, and utilizing waste and recycled content to contribute to circularity.
According to this definition, a sustainable biocomposite could be one that contains at least
one naturally derived ingredient, and the overall impact of the biocomposite throughout
its journey from production to consumption is considered positive without interfering with
the environment [129].
Sustainable industrial consumption has been at the core of the Sustainable Development Goals (SDGs). It clearly emphasizes resource efficiency, the minimization and
potential use of waste, as well as the minimal use of hazardous substances, also the integration of environmental and social responsibility.
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3. Materials and Methods
This section describes the methodological approach and research methods used within
this study (see Figure 6). The main research tasks are as follows:

•
•
•
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position and the role in the process of the sustainable production of the biodegradable
and the role in the process of the sustainable production of the biodegradable composite.
composite.
In order to ensure reliability and competency in assessing and selecting potential informants, several focus group discussions were organized. Using the snowball sampling
principles [133], during the interviews, informants were asked to suggest other important
stakeholders or experts that should be included in the sample of interviews, thereby enriching the list of informants, based on the initial set of the criteria defined for the inform-
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In order to ensure reliability and competency in assessing and selecting potential
informants, several focus group discussions were organized. Using the snowball sampling
principles [133], during the interviews, informants were asked to suggest other important
stakeholders or experts that should be included in the sample of interviews, thereby
enriching the list of informants, based on the initial set of the criteria defined for the
informants. In total, 10 interviews with an average duration of 60 to 120 min were conducted
by phone or video calls (e.g., using zoom) were conducted (see Appendix A). All interviews
were recorded for further data analyses and processing.
The selected sample of interviewees represented industrial actors related to the consumption of biodegradable composite materials. The interviewees were industry experts
who had represented the industry on a long-term basis and could provide a comprehensive
insight into it. These are both global and local companies representing the food, cosmetics,
fashion, and furniture industries. All interviewees were related to the European market.
The structure of the questions of interviews is presented in Tables 2 and 3. The
interview questions consisted of two parts: (A) and (B). While part (A) revealed the general
profile of the interviewee, part (B) collected opinions; the main research questions included
such topics as EU Green Deal guidelines for industry, how consumer behavior affects
industrial consumption during COVID-19, insights into the use of biocomposite materials
at each stage of the value chain, and possible impacts of the COVID-19 pandemic.
Table 2. The structure of the questions of interviews—Part: A—Interviewee Profile.
Label
Codes

Questions

A-IQ1
A-IQ2

Represented sector/industry/field
Size of the company

A-IQ3

Role in the sustainable production chain

A-IQ4

Field of expertise/position

Types of Responses
Open
Open: turnover in EUR
Closed: #1 Feedstock production &
pre-treatment; #2 Raw material
processing and refining; #3 Packaging
manufacturing, #4 Product
manufacturing, #4 Retailer
Open

The interview questions were piloted with several researchers before being given
to our sample. The analyses of the interviews were performed in two stages. First, to
ensure the validity and quality of data processing, the interviews were coded after being
recorded and transcribed. After the coding, we proceeded with the data analyses through
the detailed analyses of all questions by each interviewee and comparing the opinions
of informants in each question discussed during the interview. The main results and
conclusions of the analyses were synthesized.
This research has a particular focus on the industrial consumers of the value chain,
excluding end consumer and waste management stages, specifying the limitations of this
paper. Accordingly, the chosen methodology was adapted to assume these limitations and
keep the focus of the research aim following methodological approaches kept by previous
studies [134–138]. The literature analyses provides deeper insight into the nature and
characteristics of concepts investigated. The exploratory research with semi-structured
interviews and focus group discussions investigated the practice of companies regarding
the sustainable industrial consumption and established the relationship of the potential
impact of the COVID-19 pandemics.
This study was performed applying the multi-disciplinary approach by composing
the expertise of the business management, engineering and material sciences, as well
as the earth and environmental sciences. The lack of such multi-disciplinarity has been
identified by previous research [139,140], and this study addresses this research gap. This
multi-disciplinary approach allowed the sustainable industrial consumption chain to be
empirically analyzed in an in-depth and contextual way and to develop a conceptual model
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in order to reflect on the practices of the industrial sustainable consumption of biocomposite
materials.
Table 3. The structure of the questions of interviews—Part: B—Main questions.
Label Codes
B-IQ1
B-IQ2
B-IQ3
B-IQ4
B-IQ5

B-IQ6

B-IQ7

B-IQ8

Questions
The general perception of the EU Green Deal Strategy and
the sustainability goals within the industry
The general perception of the sustainability principles within
the company of the interviewee and its value chain
The adoption/introduction of the sustainability principles
into the practice of the company of the interviewee and its
value chain
If and how consumer behavior affects industrial
consumption during COVID-19
The general intention and the practice regarding the use of
biocomposite materials
The opinion about the functionality, technological feasibility,
environmental, and economic aspects of the sustainable
packaging and, particularly, the use of biocomposite
materials
Any changes observed within the use of biocomposite
materials during COVID-19
Possible impact of COVID-19 on the use of biocomposite
materials at each stage of the value chain (stages: #1
Feedstock production & pre-treatment; #2 Raw material
processing and refining; #3 Packaging manufacturing; #4
Product manufacturing, #4 Retailer)

Types of Responses
Open
Open
Open
Open
Open

Open

Open

Closed: Positive,
neutral, negative

4. Results
The interview results reveal that the impact of external forces such as a change of
consumer values, pro-environmental regulations, technologies, and new risks would require industrial consumers and packaging manufacturers to focus more on the use of raw
materials and biocomposites. Recently, the food, cosmetics, and clothing sectors have been
facing increasing importance of the problem regarding packaging sustainability. This is
causing a growing interest in the use of biocomposites. Suppliers and processors of raw
materials are forced to review, optimize, and adapt production processes in the direction of
sustainable transition. It is important for industrial consumers to be fully aware of, and for
the manufacturers to be able to justify, the origin of the raw materials. Such an assumption
is supported by plans to introduce a declaration of origin (DoO) for products in the coming
years. The participating stakeholders in a supply chain will be held responsible for arranging the respective flow of information, ensuring that every raw material is substantiated by
a DoO. This will be facilitated by implementing strict requirements and regulations by the
governing organizations.
The insights gathered from expert interviews have been used to develop the conceptual model for estimating the influence of COVID-19 on each stage of the value chain
of sustainable industrial consumption of biocomposites (see Figure 7). The results show
positive impact (green arrows in Figure 7) for the first three stages of the value chain,
neutral impact for the Product manufacturing stage, and negative impact for the Retail
stage. More details on these impacts are described in the following paragraphs.
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years), and the Scandinavian market has grown by 30–40%. It has been pointed out that
this is a huge challenge for supply chains and a risk for suppliers of organic raw materials,
as there are companies that are starting to replace growing demand with imported organic
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raw materials. However, it is becoming increasingly important for the consumers that the
product is locally sourced and otherwise organic rather than using organic imports.
“Maybe in some extent, we are much prepared for pandemic time and new customer
trends—healthy, natural, and with traceable or local materials than other entrepreneurs
that are currently dependent on limited supplies of specific materials”
(an interviewee—I8)
4.3. Packaging Manufacturers
The responses reveal that the impact of COVID-19 at this stage of the value chain is
generally positive and the interest in packaging made from biocomposites is growing.
Representatives of the food packaging industry pointed out that in the context of climate change, the public increasingly wants to see manufacturing companies doing business
in a sustainable way that does not harm the environment. When it comes to health, safety,
and the environment, food packaging manufacturers, along with end consumers, are keen
to take control if chemical companies really practice what they preach and correspondingly
can attest to the credibility of their communications.
Cosmetics packaging manufacturers indicated that brands selling natural cosmetics
also prefer environmentally friendly packaging. On the other hand, the cosmetics (end
product) manufacturing trends are currently focused on simplicity—fewer ingredients,
concentrated composition, addressing a specific problem.
The cosmetics packaging manufacturing industry is also considered to be less sensitive
to the price of packaging. Packaging manufacturers understand that it is important to offer
a quality product and also relevant packaging that delivers on what has been promised to
the end customer. At the same time, the cosmetics packaging industry is very complex—as
technical and complex as food packaging manufacturing.
The demand for biodegradable packaging in the cosmetics industry is huge. Currently,
all cosmetics manufacturers are looking for packaging solutions that are recyclable or
alternative materials that do not contain microplastics. If the packaging is biodegradable,
impermeable, and does not contain microplastics, there will be huge market demand for
such packaging.
Conventional flexible plastic packaging is a rapidly growing segment, yet historically,
less than 4% of flexible packaging is recycled. Flexible plastics are the leading polluting
source to the oceans, with a minimum of 5 M tons (of 11 M) being disposed of each year
into the sea.
The overall results of the interviews show that there is rapidly growing interest from
product manufacturers toward biodegradable packaging, especially over the recent years.
4.4. Product Manufacturers
The impact of COVID-19 has been evaluated as neutral by product manufacturers.
Informants of the interviews confirm that entrepreneurs following the sustainability shift
continue this development direction also during COVID-19.
“We continue to work with eco and sustainability issues as we did it before. It may take 3
or 4 years from the idea of the new product to the production and sales requiring more
time than prior to COVID-19”
(an interviewee—I5)
Packaging is considered to be an important sales tool by product manufacturers and
the first opportunity to educate the consumer. For instance, the type of packaging for
eco products is being selected by cosmetics manufacturers based on brand values and the
requirements of the ECOCERT standards for eco-cosmetics.
This implies that only recyclable plastics or materials that decompose relatively quickly
may be used. Cosmetics manufacturers choose the packaging according to the design and
feeling that occurs when using the product packaging. The packaging must be convenient
and easy to use. For instance, it is important that customers hear a nice click when the
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button is pushed and that the lipstick cases have a magnet. Product manufacturers confirm
that the price of packaging is not the most important aspect. Instead, the composition of the
packaging and its compatibility with the product is first assessed. At least several samples
are tested before the right product packaging is selected, as one needs to make sure that the
packaging meets all the manufacturing and end-user requirements. Manufacturers also
evaluate the life cycle of the packaging including the process of obtaining raw materials
and select the material that is the most environmentally friendly.
4.5. Retailers
The impact of COVID-19 has been evaluated as negative by retailers. Remote work and
lockdowns in various countries have caused considerably bigger demand for e-commerce
and online shopping, which in turn has caused higher demand for additional packaging
that is required for shipping purposes to secure products from damage in transit. Thus,
the negative impact is due to the increasing costs that retailers are required to cover for
extra materials on packaging in comparison to the traditional in-store shopping requiring
less packaging.
Since supply chains in the coming years will have the task of arranging the flow of
information to substantiate the use of any raw material by a declaration, it is likely that
it will be increasingly important for the retailers to justify the origin of the packaging
materials, as this will be determined by strict regulations in the future.
Circular economy strategies are advancing faster than ever before because it is likely to
become mandatory for retailers and other value chain members in the upcoming 10 years.
For instance, for the furniture retail sector, the sustainability elements and requirements to
be met are already included in part of the product profiles. In addition to the introduction of
sustainability aspects in furniture production, companies are already actively abandoning
disposable plastics for retail space, and only recyclable plastics are available in stores.
5. Discussion and Conclusions
The study found that the pandemic has left a positive impact on feed-stock producers,
raw material producers, and packaging manufacturers due to an increase in online shopping that requires additional packaging, while product manufacturers felt no major impact.
However, a negative impact has been left on retailers that experience increasing sales
over online sales channels that correlate with a shipment of goods with courier delivery
requiring additional packaging in comparison to the traditional in-store consumption.
Those companies that had previously taken the approach of the gradual transition
toward the sustainability principles and the use of biodegradable materials are now continuing this process at an even faster pace and are generally a step further. That means that
other value chain members will have to adjust respective internal processes and change, as
this will be determined by the requirements of international regulations. For companies
that have already started this sustainability shift and developed a sustainable strategy for
the company several years ahead, the transition will be easier.
The use of the biocomposite materials within the sustainable value chain has mostly
been related to the choices to adapt and introduce sustainable packaging. Based on previous
efforts of researchers [98,100] and professional organizations in defining the criteria of the
sustainable packaging, the following matrix (see Table 4) has been proposed by this study,
which integrates the functional, technologically feasible, environmental, and economic
dimensions with the criteria of the sustainable packaging [97] and the sustainable supply
chain [33]. For the successful promotion of the sustainable value chain and thus, in general,
cleaner production, it is important to balance all four dimensions [141].
The analyses (Table 4) show which of the four dimensions are more explicitly influenced by each of the sustainable consumption criteria, thus indicating the dominant
areas for managerial decisions to evaluate packaging options and opportunities for more
sustainable supply chains. These dimensions highlight four directions of the implications
and contributions to be addressed to managers and owners of businesses, practitioners
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or experts, policymakers, and other stakeholders. The environmental dimension is explicitly dominant and is strongly followed by the economic dimension. Pournader with
co-authors [33] argue that the economic issues are the major drivers impacting managerial
decisions, but environmental and sustainability issues are becoming important and bringing larger opportunities within the sustainable supply chain. Meanwhile, the functionality
and technological feasibility plays a lesser role in the industrial consumption within the
supply chain. The current technological advancement allows to reduce the importance of
these issues in the strategic decision-making of managers, but these issues still are relevant
for individual consumers and product end-users in the B2C consumption.
Table 4. Matrix of criteria and dimensions of the sustainable packaging.
Criteria for Sustainable
Packaging
1. Safe and healthy for all
individuals throughout their life
cycle
2. Meets market criteria in terms of
its performance and costs
3. Obtained, produced, transported,
and processed using renewable
energy
4. Produced using renewable or
recycled raw materials and clean
production technologies
5. Made of harmless materials in all
possible end-of-life scenarios
6. Physically designed and
validated to optimize used
materials and energy consumption
7. Fully recovered and utilized in
industrial and/or biological
cradle-to-cradle cycles

Dimensions of Sustainable Packaging
Functional

Technologically
Feasible

X

Environmental

Economic

X

X
X

X

X

X

X

X

X

X

X
X

X

X

X

X

It is essential for the development of a sustainable value chain to identify and map
various stakeholders to acknowledge those who can positively contribute to the development of sustainability principles within the industrial consumption as well as identify those
stakeholders who will be positively or negatively affected [83]. This will allow for a more
comprehensive planning and design of sustainable business activities to meet the interests
and needs of various stakeholders and the involvement of the most engaged stakeholders
within balancing economic and environmental values, and developing the sustainable
value chain.
Dangelico et al. [142] believe that with the growing number of green products in
the market or green branding strategies, companies far more than ever before should
acknowledge the concept of sustainable industrial consumption, sustainable packaging
and, in general, the green behavior of consumers.
The Europe Commission released key data on the behavior of consumers in 2020. Some
of the main findings were that 56% of consumers said environmental concerns influenced
their purchasing decisions and 67% said that they bought products that were better for the
environment, even if such products were more expensive. From this, we can conclude that
these could be one of the main signals influencing industrial consumption trends [10].
The growing demand for the use of natural resources in the manufacture of biocomposites reflects the need for the circular economy for biocomposites while allowing them
to be recycled and reused. It is noted that the development of biocomposite materials
must be integrated into a circular economy model to ensure environmentally friendly and
sustainable production. Such a conclusion supports the findings of the current research
and the value chain member aims to achieve sustainable manufacturing processes [114].
The interest of industries in using biopolymers is also fueled by the sharp rise in the
price of fossil-based raw materials (PP, HDPE, etc.) in recent months, as shown in Figure 8.
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should
help
in
this
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the
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changing
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including the following: (1) changing the general business mindset from the “firm-centric”
or solo-preneurship practice to collaboration; (2) competing not with the price of products
but the value proposition of the sustainability benefits and the general green nature of
products; (3) reorganizing material flows and smart material solutions; and (4) companies
sharing assets and developing common infrastructure instead of solely developing their
own technologies.
The conceptual model developed above will require cross-functional coordination and
collaboration. The COVID-19 pandemic has significantly strengthened the digital capacity
of different sectors [146]. These lessons learned and newly obtained digital capacities should
be used for the adoption of digital technologies throughout the value chain encouraging
innovations as well as more efficient and smart use of materials.
The COVID-19 pandemic has reduced various business activities and general consumption, leading to decrease in emissions; however, this progress is more due to the
slowdown in economic growth [147]. The COVID-19 pandemic has created or exacerbated
a number of consumption trends that business representatives should acknowledge and
escalate in the future, including health, sustainability, the circular economy [145]. The
adoption of these trends are outstanding issue within the packaging and in the supply
chain as a whole.
Climate-neutral packaging and the product as a whole are expected to receive increasing attention in the near future not only for marketing purposes but also to improve
their competitiveness and reduce the cost of the natural resource tax. It is important to
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pay attention to the promotion of innovative industrial processes and the development of
new technologies as soon as possible in order to stimulate the wider adoption and use of
biocomposite materials [148].
The likely implications on business and policy and consumer trends are related to the
need for the higher transparency and traceability of each process including the value chain
of the sustainable consumption of renewable and biodegradable composite materials. For
example, this could manifest as growing expectations between B2B suppliers and customers
for the traceability of the material and product origin, increasing the public discussion of
end customers in social networks and online media by retail customers regarding the use
of specific materials and their origin. This is also likely to be the subject of research in the
near future. In this context, the discussion on different aspects related to greenwashing
should take place more often.
It is important for both smaller and larger companies now to think a step forward,
implement a sustainability strategy, plan LCA in the development of new products, and
thereby improve their competitiveness in the future.
The companies willing to move toward the sustainable industrial chain will have
to incorporate economic, environmental, social, stakeholder, volunteer, resilience, and
long-term directions within their strategies. The importance of all these issues and the
necessity to adopt them is crucial in any organization belonging to the sustainable value
chain [83,89].
Within such grand challenges as the COVID-19 pandemic, social issues related to
general resilience first become crucial, which affects also industrial consumption. Yet, this
study and the interviews of experts confirm the need to pay more attention to environmental
issues in order to ensure the well-being of the earth and natural capital. Otherwise, the
progress achieved within sustainable development will regress backwards with negative
effects. Positively, those actors acknowledging the sustainable values and implementing the
sustainability principles into their logistics, purchases, supplies, and other processes need
to continue and even reinforce this path during such grand challenges as the COVID-19
pandemic. In turn, this is a signal to policymakers to strengthen the financial and nonfinancial support for the identification and implementation of sustainability principles in
the supply chain of industrial customers and the total value chain of the B2B segment.
This research contributes to the theory and practice regarding the enablers and challenges for the use of biocomposites in the further transformation toward more sustainable
consumption. This study highlights the research gaps that still need to be investigated
regarding the impact of COVID-19 on the sustainable consumption of end consumers
and their changing behaviors that confront the traditional less sustainable practices of
industrial consumers.
In the coming years, the topic will not only be about how to rebuild the economy after
the impact of COVID-19 but also how to make it more sustainable. At present, cross-sectoral
cooperation and a willingness to help industrial companies understand environmental,
social responsibility, and governance standards are particularly important.
The development of the sustainable value chain is largely linked to investments in ecoinnovations and the environmentally friendly technologies that are especially important in
industrial regions neglecting sustainability challenges [149]. In this regard, government
support at national, regional, and local levels is essential to strengthen the values of sustainable consumption and environmentally friendly production by creating a greater critical
mass of the sustainable value chains within the industrial consumption and economic
relationships.
Possible future research directions and current gaps identified after implementation of
the research include but are not limited to the following:

•
•

The role of waste recycling policy in facilitating sustainable industrial consumption.
More detailed investigations of hindering factors of the introduction of biocomposites
and recycling, in particular, related to the economic interests of stakeholders and
technological factors.
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•
•
•
•
•

Promoting the competitiveness of sustainable industrial consumption partners by
eliminating greenwashing.
Difficulties in the introduction of biocomposites in the industry and overcoming them.
The impact of the actualization of microplastic pollution problems on the production
of non-degradable bioplastics.
The end of the life cycle of conventional plastics after recycling, when they have lost
their properties for further use.
Industrial consumer difficulties within the EU green transition.
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Appendix A
Table A1. Characteristics of the Interviewees.

No

Field of Expertise of
Interviewee

Role in the
Sustainable
Production Chain

Industry or Field of the
Operation of the
Organization Represented
(Part of the Value Chain)

Size of the
Company
(Turnover EUR in
2020)

Duration of
Interview

The Time Period of
the Interview

I1

Corporate Social
Responsibility,
Sustainability

Retailer (BE)

FMCG Retail

36 bn

1h

2nd quarter of 2021

I2

Country Manager

Retailer (LV, LT)

Furniture Manufacturing
and Retail

39 bn

60 min

3rd quarter of 2020

I3

Head of Store
Development
Department

Retailer (IT)

Clothing Retail

17 bn

90 min

3rd quarter of 2020

I4

Manufacturing, Lead
of R&D

Product
manufacturer (LV)

Cosmetics

16 M

60 min

3rd quarter of 2020

I5

General Manager

Product
manufacturer (LV)

Food

1M

60 min

2nd quarter of 2021

I6

Regional Head of
R&D

Packaging
manufacturer (DE)

Cosmetics, Consumer
Goods

102 M

120 min

3rd quarter of 2020

I7

Head of R&D

Packaging
manufacturer (IL)

Food

60 min

2nd quarter of 2021

I8

CEO

Raw material (SE)

Starch Producer

1M

60 min

2nd quarter of 2021

I9

CEO

Raw material (DE)

Fiber Producer

1M

60 min

2nd quarter of 2021

I10

Board Member

Feedstock (LV)

Hemp Raw Materials

60 min

2nd quarter of 2021
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