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Abstract

The world production of plastic exceeded 360 million tonnes in 2020 alone, a considerable
amount of which is not properly disposed of. The significant pressures and damages posed
by conventional plastic to human and environmental health suggest that alternatives are
urgently needed. One of them is “bioplastic”, which is defined as bio-based plastic that is (or
not) biodegradable. This paper reports on a study on the perceptions of bioplastics among
consumers in 42 countries to identify their levels of information and concerns. The results
suggest that most respondents have positive expectations regarding the future of bioplastics
to replace conventional plastics fully or partially, especially for food containers, kitchenware,
and boxes and bags for packaging. They also reported that the low costs and increased
availability of bioplastic products on the market are likely to be the main drivers for their
wide-scale adoption. However, many participants are unsure whether they would buy bio-
based and biodegradable products if they are expensive. Overall, whereas a rather positive
attitude to bioplastics has been identified, greater efforts are needed to address the many
information needs of consumers towards upscaling the adoption of bioplastics. Relevant
policies are therefore needed to encourage investments in the large-scale manufacture and
market uptake of bioplastics. The paper reports on an initial study of consumer behavior, in
a sample of countries spread across all geographical regions.

1. The problems posed by conventional plastics

Plastics have become one of the most widespread materials used globally, and global produc-
tion has on average increased by about 9% per year since 1950, reaching 367 million tonnes
per annum in 2020 [1]. According to [2], this rapid growth has been driven by two underlying
trends:
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a) the continued growth in consumer demand since plastic is used in a wide range of home
and commercial products and

b) the low costs associated with plastic production, which makes it very attractive
There are many varieties of plastic being used today. The main ones, according to [3] are:

« Polyethylene terephthalate (PET)—of which plastic bottles, fast food containers, plates, and
cups are made;

« High-Density Polyethylene (HDPE)—used for the manufacturing of coloured plastic bottles,
fabric softener, engine oil;

Polyvinyl Chloride (PVC)-used for bottles and glass dish detergents, plastic mats;

« Low-Density Polyethylene (LDPE)—of which juice bottles, mustard cans, beer bottles, and
other packaging systems are made;

Polypropylene (PP)—used for bottles of syrups, yogurt jars, etc.;

Polystyrene (PS)—of which egg cartons, plastic cutlery, Petri dishes, plastic tubes, etc.;

The combination of the two key elements: high demand due to a variety of applications,
and low costs means that plastic is a highly successful product. The downside is that current
plastic production is heavily dependent on fossil fuels [4], and the fact that most plastic materi-
als are not biodegradable has led to a growth in the production and use of bioplastic.

Unfortunately, there is a faulty practice in many countries when using the term ‘bioplastics’
for two different things. Firstly, there are bio-based plastics (plastics made at least partly from
the biological matter) and secondly, there are biodegradable plastics (plastics that can be
completely broken down by microbes in a reasonable timeframe, given specific conditions).
However, not all bio-based plastics are biodegradable. Also, even biodegradable plastics might
not fully biodegrade in unfavorable environments. Therefore, many issues remain unsolved [2,
5, 6]. Considering international approach within the study, the term “bioplastics” is used for
easier evaluation of consumer attitudes.

Another very important issue is that the ‘end of life in the plastic chain does not mean ‘end
of the impact’. Because plastic materials persist and pollute long after their intended use, it has
become clear that there is no such thing as an ‘end of life’ for plastics. Regardless of the disposal
method, plastics may pose a significant threat to the environment and the climate when they
reach the waste phase of their life cycles. This phase is when a high proportion of the remaining
plastic waste ends up in the environment, in dumping sites, oceans, and other waterways, scat-
tered across natural and human landscapes worldwide.

Also, it should be highlighted that due to the increase in the total manufacturing of plastics,
microplastics have become a serious problem. It is necessary to understand microplastic’s pro-
spective sources and sinks, the process by which its distribution is affected, and their uptake and
exchange in ecosystems to understand the potential ecological harm done by microplastics.
Accordingly, it is estimated that there are more than 5 trillion plastic particles in the world’s sur-
face waters [7]. About 12.7 million metric tons of plastic waste are estimated to enter the ocean
each year [8]. Land-based sources include tourism, sewage, and illegal or poorly managed landfills,
due to inadequate waste management [2, 9]. Most of the plastic litter arriving in the oceans has
been produced, used, and often disposed of on land [8, 10]. According to [11], the microplastics
types most commonly observed in the marine environment were PP, LDPE, HDPE, and PET.

It is estimated that approximately 80 percent of ocean plastics come from land-based
sources, and the remaining 20 percent are from marine sources [12]. Of the 20 percent from
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marine sources, it is estimated that around half arises from fishing fleets (such as nets, lines,
and abandoned vessels). Figures from the United Nations Environment Programme (UNEP)
suggest that abandoned, lost, or discarded fishing gear contributes to approximately 10 percent
of the total ocean plastics [13]. Plastic flows depend on the proximity of urban activities, shore,
and coastal uses, wind, and currents. Plastic debris is also carried to the sea by rivers, which
flow into the sea after passing through densely populated areas [4]. A study by [10] indicated
that between 1.15 and 2.41 million tonnes of plastic currently flow from the global riverine sys-
tem into the oceans every year. The top 20 polluting rivers accounted for two-thirds (67%) of
the global annual river input. Most of the river plastic originates from Asia, representing 86
percent of the global total. Africa follows Asia at 7.8 percent and South America at 4.8 percent.
Central & North America, Europe, and the Australia-Pacific region collectively account for
just over one percent of the world total [10, 14].

2. Literature review
2.1 Bioplastics and their use

Bioplastics can be defined as bioplastic that is either bio-based or biodegradable or has both of
these properties [15]. Bio-based plastics are derived from plant-based biomass or organic
material. In contrast, biodegradable plastic refers to the environmental fate of the bioplastic,
which suggests that the plastic will break down within a certain timeframe while leaving no
toxic residues behind [16].

Bioplastics are considered to be sustainable, environmentally friendly alternatives to con-
ventional plastics. With the growing demand and use of plastics in the industry, many have
turned to petroleum-based plastics. However, these are resistant to biodegradation, and the
burning of such plastic releases toxic gases, which are harmful to animals, plants, and their nat-
ural environment. In this way, biopolymers are more advantageous due to their ability to
degrade easily and can be considered a safer alternative to normal plastics [17].

The production of conventional plastics requires a large amount of energy and petroleum,
which is becoming scarce. However, bioplastic production involves low energy consumption
and may reduce oil consumption in the process. Furthermore, the production emits low car-
bon and can be carbon neutral due to the absorption of CO, by the biomass components.
Additionally, using more natural substances diminishes the need for toxic substances that
were previously used to produce conventional plastic [18].

However, the production of bioplastics remains limited due to the high costs involved. This
challenge is mainly attributed to the inability to mass-produce, and the cost is 2-3 times higher
than conventional plastic. Furthermore, countries lack the technology needed to produce such
products. In other instances, the lack of consumer awareness has decreased the use of bioplastics.
Therefore, increasing the promotion of these products will greatly increase the demand [18].

Bioplastics can be broken down into three main types based on the material they are made
up of. The first group is the bio-based or partly bio-based bioplastics that are not biodegradable
such as PP, PET, and PP and bio-based technical performance polymers. The second category
consists of bioplastics that are bio-based and biodegradable, which include PBS and PLA.
Lastly, there are biodegradable bioplastics that are derived from fossil resources [15].

Bio-based and non-biodegradable are the most common type of bioplastics. These are pro-
duced using natural or renewable feedstock and are made using the same pathways, equip-
ment, and technology as their conventional counterparts [16]. They can also be called drop-in
or bio-blends. Sometimes, they may contain starch or small quantities of biodegradable mate-
rial to aid in the fragmentation process; however, the overall product is non-biodegradable
‘[19]. The difference between these bioplastics and their conventional counterparts is seen in
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the price and environmental friendliness [16]. Bioplastics are more expensive due to the low
investment, lower processing capacity, and the cost of raw material. Furthermore, bio-based
bioplastics are more environmentally friendly, as the carbon dioxide produced during process-
ing can be captured and used by plants, thus providing more raw materials, whereas this is not
possible for conventional plastics [16, 20].

The second type of bioplastics is both bio-based and biodegradable. It may be produced
from plant-based materials, by-products of microbial fermentation, and animal-derived poly-
mers. In doing so, the life cycle of biomass is mimicked, and carbon dioxide and water are
released while preventing the use of fossil resources [15]. Plant biomass used for this category
includes the raw materials from pineapple, barley, starch, wheat, hemp, oat, and flute. These
materials are used to extract thermoplastic starch, lignins, rubber, and cellulose, which are
needed to produce the required bioplastic [21]. By-products of microbial fermentation are
used to produce polyester bioplastics. These are storage polymers produced by microbes using
various enzymatic processes to aid in their survival upon stimulation from different stressors
and nutrients. However, this method is not commonly used as it has a high production cost
and requires more optimization [22]. For animal-derived bioplastics, materials such as chitin,
wool, fats, and gelatin are used. In more recent times, collagen has been used to produce bio-
plastic to reduce waste from meat production [16]. Fossil-based biodegradable bioplastics are
made from fossil resources that have a degree of biodegradability. However, hydrophilicity,
reactivity, and stability determine the biodegradability and molecular weight of the raw mate-
rials used, which is not dependent on their origin. Consequently, these products are less
favored in comparison to bio-based bioplastics [23].

In present times, the bioplastics market accounts for the production of nearly 320 million
tonnes of plastic annually. However, with the growing demand for these sustainable products,
the markets grow from 20 to 100 percent per annum. This situation is facilitated by advance-
ment in research, technological creations, and environmental awareness. As a result, there is a
growing demand for these products in various sectors, including packaging, food, textile, auto-
mobile, and agriculture. In the year 2016, packaging accounts for the greatest use of such prod-
ucts at nearly 40 percent, followed by consumer goods that accounted for 22 percent of
bioplastic demand [24] and the number of bioplastics produced around the world from 2015-
2019 has projected an increased production for the years 2020-2023.

2.2 Factors influencing consumer attitudes on bioplastics

To make new sustainability schemes, technologies, and products such as bioplastics effective,
they need to be accepted by the people, as the major stakeholder in achieving environmental
sustainability. People engage in pro-environmental behaviors such as using bioplastics when
they have (a) the right attitude, like a concern for the environment or a belief that their action
can help lower plastic’s carbon footprint, and (b) the ability to translate the attitude into behav-
ior such as purchasing bioplastic products [25]. However, adopting such green products can
be difficult because of people’s different levels of awareness of and attitudes toward the envi-
ronmental impacts of their consumptions. Lack of awareness and public reluctance can be
observed in different types of sustainability initiatives such as circular economy approaches
[26], initiatives for disaster risk reduction [27], treated wastewater reuse [28], and green tech-
nologies and products [29].

The literature indicates that environmental concerns, beliefs, emotions (feeling of doing
something good), product shelf life and price, and trust in the safety of the product are the
major factors influencing consumer attitudes towards using bio-based plastics [25, 30-32]. For
example, study [25] found that guilt was the most significant factor influencing respondents’
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willingness to pay more for bio-based plastic products. In a study of factors that influence cus-
tomer intentions to buy bio-based products in six European countries, the authors [32] found
that the intention to purchase bio-based brands is enhanced by personal environmental
norms, such as associating a bio-based product with eco-friendliness as well as whether a
green brand is a global or private label. In addition, the study participants indicated their will-
ingness to green purchase only products that consisted of 100% bio-based materials.

This paper [30] investigated consumer attitudes towards bio-based packaging in France,
Germany, and the USA. The study reported that the respondents focused principally on end-
of-life packaging attributes such as biodegradability (50-60%) and values for reuse (43-55%)
and recycling (42-67%). Conversely, respondents were less concerned about whether packages
are made from renewable resources (10-13%) and have a low carbon footprint in production
and transportation (8—-18%). The authors conclude that even in developed countries, there is
less awareness about the environmental friendliness of bio-based packaging, and consumers
reject the idea of using land to grow raw material for packaging.

This study [29] investigated the consumers’ emotional assessments of and rational beliefs
about green packaging in Norway. The study found that emotions (perceived benefits of eco-
friendly packaging) are the key driver in purchasing plant-based beverage containers rather
than the rational assessments of its ecological benefits. Thus, affective and cognitive processes
play a significant role in influencing the consumers’ purchase of green packaging products.

In Germany, [33] explored user preferences for outdoor sporting equipment produced
from bioplastics. The surveyed respondents showed positive attitudes toward sports shoes and
drink bottles if they can help reduce carbon emission, are made from raw materials cultivated
locally (belief in one’s nation and supporting local economy), and are safe products with com-
paratively low prices. The authors deduced that bioplastics have a promising future if potential
users understand their quality and ecological friendliness.

3. Methods

A questionnaire was used to explore the level of awareness and attitudes about bioplastics,
using a sample of individuals from a set of 42 countries located mostly in Europe and Asia.
The method of data collection was a survey, taking the form of a self-administered question-
naire, and consisting mainly of closed questions that covered the following sections: (i) demo-
graphics (country of residence, gender, age, highest level of education, income in the last
month, and occupation; (ii) questions regarding the knowledge level of bioplastics, bio-based
and biodegradable products; (iii) questions related to the usage and buying of bioplastics (fre-
quency and type of products); (iv) questions regarding the concerns about bioplastics (for
instance, the impacts of bioplastics on human and environmental health); and finally, (v) a set
of questions asking for the opinions of the respondents (e.g., replacing of conventional plastic,
ways to encourage the use of bioplastics).

Different formats for answers were used. For instance, to gather information about the
respondents’ knowledge of bioplastics, multiple answers were possible (the same for obstacles
to buying, the modalities of bioplastics, and the drivers to buy). To understand the frequency
of certain behaviors, a 4-point scale was used (regularly, sometimes, rarely, and never). To
identify and mitigate language and understanding problems, a pre-test of the questionnaire
involving a sub-set of the respondents was carried out. Then the questions and the measure-
ment scales were rearranged to make them clear and easy to understand.

Using the LimeSurvey platform, the questionnaire was made available electronically in sev-
eral countries for five months (from October 2020 to February 2021). A total of 384 question-
naires were collected, and the data were statistically analyzed and interpreted using SPSS V.26.
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[ 5 or less respondents

Thus, a set of statistical analyses like frequency and descriptive analysis was used to understand
user attitudes and concerns about bioplastics. In addition, Chi-square tests were also used to
assess the relations between independent variables such as educational level, age, and gender,
considering the variables in the nominal scale (categorical) as adopted in previous studies [27].
The Chi-square test was applied to establish relations between the knowledge about bioplastics
and the educational level of participants and assess the relations between the use of bioplastics
and educational level and gender. Note that the statistical inference was performed, consider-
ing a significance level of 5% for all tests.

4. Results and discussion
4.1 Demographic characteristics

A total of 384 participants from 42 countries completed the online survey from October 2020
to February 2021. Most of the respondents were from Malaysia [53], Estonia [43], Nigeria [34],
Lithuania [29], and Germany [29]. Fig 1 gives a broad breakdown of the countries that partici-
pated in the study and their color gradation according to the number of participants. Accord-
ing to the regional distribution of survey participants, most of them were from Europe
(59.6%), then from Asia (23.2%), Africa (10.7%), North America (3.9%), Latin America
(2.3%), and Oceania (0.3%). The gender characteristics of the respondents were rather bal-
anced: 47.9% of males and 51.3% of females, while 0.5% preferred not to disclose their gender.
Most of the participants (33.9%) were between the ages of 26-35, followed by 28.5% with the
age of 36-45. The third group (18.5%) was composed of, participants within the 46-59 age
bracket. The participation of the young generation between the ages of 18-25 years was 13.3%,
and that of older people (60+ years) was 5.5%.

Regarding the educational level of respondents, 40.4% had a master level degree, 27.1% had
a Ph.D. degree, 21.1% had a bachelor’s degree, and 9.4% had a high school level education. The
majority of the respondents (58%) were employed in private and public sectors. Professional

T

YN

Fig 1. Survey participating countries and number of respondents.

https://doi.org/10.1371/journal.pone.0266918.g001
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Polymers that can biodegrade under certain conditions
Polymers based on biological maer als including plams

workers formed 16.1%, respondents working in the business and academia sector formed
12.8% and 5.2%, respectively. Students formed 5.2% of the respondents and unemployed peo-
ple corresponded to 0.8% of the respondents. In addition, 1.9% of participants mentioned the
other occupancy regarding their working field. The statistical significances between gender,
educational level, and age were assessed using the Chi-Square test. The level of significance
used in the calculations was 0.05. A statistically significant relation was found between the edu-
cational level and the age of the respondents (p <0.05). However, no significant relation was
estimated between gender and educational level (32 = 3.072; df = 4; N = 381; p = 0.546). There-
fore, further analyses were performed based on the education and gender factors.

4.2 General knowledge of bioplastics

The results of the survey show that the respondents have a good understanding of the basic con-
cepts regarding bioplastics. The majority of respondents selected at least one correct answer
(multiple answers were possible) to the question: ‘What are bioplastics? However, it is a com-
plex topic to understand and refers to a plastic that is bio-based and/or biodegradable. Most
respondents identified bioplastics as: ‘polymers based on biological materials including plants
and plants waste’ (Fig 2). A significant relation was found between participants who selected at
least this correct answer and their level of education (32 = 12.225; df = 4; n = 384; p = 0.0158),
which refers to a better understanding of the meaning of bioplastics by people with a higher
level of education. The relation between gender and knowledge of bioplastics was not found
(x2 =0,923; df = 1; N = 381; p = 0.337). According to [34] research results among the Australian
public, the knowledge of bioplastics appeared to be relatively low, which was not confirmed by
the present study results. However, the survey conducted in Europe [35] showed that more than
50% of the respondents were aware of the main properties of bioplastics.

The other two questions regarding basic bioplastics knowledge were about definitions of
‘bio-based’ and ‘biodegradable’. Again, the respondents showed a good understanding of these

What are bioplastics in your opinion?

Don’'treally know I 0.8%
Other

Biobased and biodegradable

and/or plants waste

Plagic made of recycled plastic
Plagtic made of old paper

Polymers based on bio-waste

| p
®
&

0% 20% 40% 60% 80%

Fig 2. Respondents’ basic knowledge of bioplastics (n = 384).

https://doi.org/10.1371/journal.pone.0266918.g002
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Yes, sometimes - | use some bioplastic products or

two concepts. About 79.2% of respondents chose the most appropriate definition for bio-based
products as ‘products, which consist mainly of biological products or renewable domestic agri-
cultural materials or forestry materials. Similarly, 82.6% identified biodegradable plastics (multi-
ple answers were possible) as ‘given the right conditions and presence of microorganisms, it will
eventually break down to its basic components. These results indicate that understanding the
basic concepts associated with bioplastics has a positive shift in society. However, such a good
knowledge of basic concepts of bioplastics might be associated with their high level of education
(88.5% of all respondents had Bachelor’s, Master’s, or Ph.D. degrees) and perhaps cannot be
representative of the entire social strata in the analyzed regions.

4.3 Use of bioplastic products in daily activities

Nowadays, conventional plastics are used regularly in daily activities throughout the world. Out
of 377 respondents, about half use plastic products and plastic packaging in their everyday activ-
ities. At the same time, 42.7% of respondents mentioned that they try to avoid using plastic
products and packing in some activities. In comparison, the use of bioplastic products is much
more modest, only 9.9% of respondents use bioplastics in their daily life, and 45.8% of partici-
pants use bioplastic products and packaging sometimes. Also, 39.7% of participants try to avoid
using bioplastic products and packing (Fig 3). This lack of adoption can be related to an unclear
understanding of the properties of bioplastics, their biodegradation in the natural environment,
and the association with recycling problems of bioplastics [36]. No significant associations were
found between the use of bioplastics in daily activities and educational level (x2 = 8.562; df = 8;
N =347; p = 0.381) or gender factor (}2 = 4.163; df = 2; N = 345; p = 0.125).

The survey results indicated that the main reasons limiting the use of bioplastics in daily life
activities are: limited availability (64.8%), lack of information about the products (37.2%), high
cost (25.5%), and limited awareness (21.9%) (Fig 4). In addition, other obstacles were found
from other studies, such as lack of or insufficient governmental support [35] and less conve-
nience for use [34].

The participants reported a low awareness regarding the question about the main modalities
of the use of bioplastics: 42.2% of respondents selected N/A. The main uses of bioplastics were
reported for food packaging (40.6%), packing (bags and boxes) (35.9%), cutlery (12.5%), and

Do you consciously buy or use bioplastic products?

Yes, regularly - 1 use bioplastic products or packing n

every day

packing

packing

Never - | do not use bioplastic products or packing Eg

0% 10% 20% 30% 40% 50%

Fig 3. Conscious purchase and consumption of bioplastic products (n = 365).

https://doi.org/10.1371/journal.pone.0266918.g003
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If you have not bought or used bioplastic products (regularily) yet, what
keeps you from buying or using them?

N/A SN
Health/safety concems 4—
Lack of information about the products 4_
Limited awareness i_
Limited availability i_
Design B3
Low quality ]

| 86%
High cost |IEN2SSEN

Fig 4. Main obstacles to buying or using bioplastic products regularly (n = 384).
https://doi.org/10.1371/journal.pone.0266918.9g004

toys and baby bottles (6.8%) (Fig 5). The daily use of bioplastic products might be limited due to
several factors: i) awareness of the people about bioplastics and their properties, ii) economic bar-
riers (high price), iii) quality and design, iv) health and safety concerns. To minimize the effect of
these factors, joint efforts at political and economic levels have to be implemented towards foster-
ing a better understanding of bioplastics, their properties, use, and end-of-life options.
The use of biodegradable bioplastic for food packaging can be limited by the mechanical

properties of the material in comparison with conventional plastics. As reported by Zhao et al.
[37], most biodegradable bioplastics have lower tensile elongation, lower impact strength, and

What are the main modalities of your use of bioplastics?

N/A
Other 1.8%

Cutlery, mugs, plates

Food packing (containers, boxes, foile, clear
film)

Packing (bags, boxes)

Kids (toys, baby bottles)

0% 10% 20% 30% 40% 50%

Fig 5. Main modalities of using bioplastics (n = 384).
https://doi.org/10.1371/journal.pone.0266918.9g005
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higher flexural modulus (lower flexibility) in comparison with conventional plastics. In addi-
tion, the thermal and chemical properties can also be improved for some biodegradable bio-
plastics such as PLA [38] and PHBV [39, 40].

In response to the question ‘Would you buy bio-based and biodegradable products if they
were of good quality and safe (no impact on the human health and environment), but more
expensive?’, 90.6% of respondents answered N/A. This high level of uncertainty amongst the
respondents needs further investigation to understand better people’s motivation to purchase
biodegradable products. Perhaps the financial component is still crucial for the public, and
people are not easily ready to invest money in the products when the information provided for
consumers is insufficient for some European countries [35]. Therefore, more efforts have to be
put towards increasing people’s awareness about bio-based and biodegradable products, their
properties, their use, and the environmental and human health impacts.

4.4 Perceptions and expectations towards bioplastics

In general, the respondents have positive expectations regarding the future of bioplastics. In
total, 95.1% of all respondents believe that bioplastics can fully or partly replace conventional
plastics (Fig 6).

The participants also mentioned the increased availability of bioplastics as the main driver
to encourage them to buy more bioplastics products (Fig 7). However, all options mentioned
in this question were considered as important. These findings confirm the positive perception
of bioplastics. They could be used as a message for business companies to increase the avail-
ability of bioplastics on the market to play a more prominent role in the economy in the long
term. Globally, the production of bio-based and biodegradable plastic corresponds to 1% of
total plastic production. However, the market for bioplastics is growing continuously [41].
Furthermore, bioplastics have great potential to switch from linear to circular economy mod-
els, considering waste as valuable material [42].

Regarding the possible applications of bioplastics, the respondents mentioned food packag-
ing as the main area where bioplastics should be increased (Fig 8). The biggest market segment

Do you think that bioplastics could replace
conventional plastics?

M Yes, totally

M Yes, partly

m No

Fig 6. The possibility of bioplastics replacing conventional plastics (n = 384).
https://doi.org/10.1371/journal.pone.0266918.g006
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What would encourage you most to use bioplastics more frequently?

None of the options Tlsx
All above 4‘_
Less impact on the environment and human health 4_
More products 4_
Better quality 7_
increased availability J_
Lowerprice IEEEG——GS
[ 102%

More targeted information about the products

Fig 7. Main drivers encouraging the use of bioplastics more frequently (n = 384).

https://doi.org/10.1371/journal.pone.0266918.9g007

for bioplastics is the packaging market, which includes flexible bioplastics (for food wrapping,
for example) and rigid bioplastics applications [41]. Possible bioplastics applications are in
general packagings, such as bags or boxes. Kitchenware, like cutlery or plates, was in third
place in this regard.

These findings indicate the willingness of respondents to see more bioplastic products on
the market as a feasible alternative to conventional plastics. However, even the most advanced
economies are far from closing the plastic loop, and more investments are needed for green
innovations [43].

In which areas do you feel we need more use of bioplastics?

Other h 5.5%

Kitchenware (cutlery, mugs, plates)

1

1

Food packing (food containers, boxes, foile, clear
film)

Packing (bags, boxes)

1

I||I

Kids (toys, baby bottles)

T T T 1

0% 20% 40% 60% 80% 100%

Fig 8. Likelihood of increasing application areas of bioplastics (n = 384).
https://doi.org/10.1371/journal.pone.0266918.9g008
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The use of bioplastics instead of fossil-based plastics will help to improve the end-of-life
management of plastic waste because most bioplastic materials can degrade under controlled
conditions. However, there are some drawbacks found during the application of bioplastics.
[44] defined four main challenging factors that limit biodegradable plastics development. The
first is technological because attempts to improve the thermal stability and mechanical
strength will slow down the degradation process.

The second is financial: the material price of bioplastic is higher than conventional plas-
tic, which will impact the final market price of the product. The third is the lack of a proper
waste management system, such as separate collection for bioplastics, which is essential for
the application of composting and anaerobic digestion as end-of-life options. Moreover, the
last point is to raise environmental awareness among the public and develop the classifica-
tion system or identification codes for bioplastics. However, recent studies in Australia and
Europe have shown that people’s awareness is still very low towards bioplastics and their
identification [34, 35, 45].

Another point of concern that can inhibit the development and application of bioplastics is
the availability of land for feedstock production. According to the European Bioplastic Associ-
ation, the feedstock for bioplastic production today is about 0.02% of the global agricultural
area and is not expected to grow by 2024 [41]. Secondly, the positive aspect is that the applica-
tion of bioplastics in food packaging helps extend the shelf life of some products, which leads
to the prevention of food waste production [46].

By this, bioplastics offer the opportunity to lower the carbon impact and reduce the depen-
dence on non-renewable oil. However, they do not directly address the problem of plastic lit-
tering and accumulation in the environment. Therefore, informing and raising awareness
among people for proper and controlled plastic management, disposal, and (organic) recycling
remains a key measure to prevent plastic pollution in the environment, regardless of the plastic
types [26].

5. Conclusions

Bioplastics are increasingly gaining momentum because of the human and ecological risks of
using conventional plastics, which are non-biodegradable and highly polluting. However, the
success of large-scale diffusion and adoption of bioplastics is contingent upon gauging the atti-
tudes and addressing the concerns of bioplastics consumers. This paper presents a worldwide
study on identifying and addressing consumer attitudes and concerns with bioplastics use
towards improving human and ecological health. The study found that the participants have a
good understanding of the links between the concepts of bioplastics and biodegradable, imply-
ing a positive view of bioplastics. Annually, millions of tons of conventional petro-plastics are
incinerated or end up in landfills or water bodies, thereby destroying fauna and flora and their
habitats. Conventional plastics also negatively affect human health through associated air pol-
lution and food contamination.

The present study found that a little over half of the participants used bioplastics products
regularly or sometimes, mainly for food packaging and as containers, cutlery, and toys. Thus,
using bioplastics can reduce the carbon footprint by adding fewer greenhouse gases to the eco-
system. In addition, bioplastics can create more jobs than conventional plastics and foster
environmental sustainability, as they are produced from plant biomass, which is renewable
and compostable. Therefore, global support for bioplastics, such as banning single-use plastic
bags, should be promulgated to support the bioplastics sector. This recommendation is signifi-
cant because bioplastics can help switch an economy from a linear to a circular model that
considers waste as valued material.
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The study participants also reported that the factors militating against their use of bioplastic
include the limited availability and high cost of bioplastics products, the lack of information
about the products and their properties, unsatisfactory designs and quality, and little awareness
about their benefits. This finding implies the need for joint efforts at political and economic
levels to better understand bioplastics, their properties, environmental and health benefits, and
end-of-life options. Thus, human factors can be among the significant barriers to using
bioplastics.

Most respondents have positive expectations regarding the future of bioplastics to replace
conventional plastics fully or partially, especially as food containers, kitchenware, and boxes
and bags for packaging. They reported that the low costs and the increased availability of bio-
plastic products on the market are likely to be the main drivers for their wide-scale adoption.
However, nine out of ten participants are unsure whether they would buy bio-based and bio-
degradable products if they are expensive. In contrast, they seem to appreciate the value of
good quality and safety. This high level of uncertainty is present even though two-thirds of the
study participants had graduate-level education. Relevant policies are therefore needed to
encourage investments in large-scale manufacture and market uptake of bioplastics.

This paper has some implications to consider. Firstly, it shows the elements that constrain
the willingness of some consumers to engage in the purchase of bioplastics. Secondly, matters
related to feedstock production are also potential bottlenecks and should be addressed. Finally,
the paper shows the need to take into account the issues related to littering: even bioplastics
use can be associated with littering, and this should be addressed by, for instance, emphasizing
multiple-use plastic as opposed to single-use materials.

This study has a limitation because regions such as East Asia and South America were
underrepresented. Also, participation in the study was limited to people who speak English
and was possible for a limited period. Nonetheless, the inputs provided by the sample of 384
participants from 42 countries provide some useful insights into how bioplastics products are
perceived. The study provides evidence on consumer attitudes and concerns with using bio-
plastics, which is an important first step in developing appropriate policies and programs
towards adopting bioplastics products, hence realizing their environmental and economic
benefits. Bioplastics can effectively help achieve SDG 12, emphasizing the urgency to transition
to sustainable consumption and production systems worldwide.
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