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Compostable and biodegradable plastics are growing in popularity but their
environmental credentials need to be more fully assessed to determine how
they can be a part of the solution to the plastic waste crisis. We present
results and analysis on home compostable packaging. This type of packaging
requires the citizen to be able to correctly identify the packaging as "home
compostable,” to have composting facilities at home, and to successfully
compost the plastic. Using a citizen science approach, we engaged with
9,701 UK citizens geographically spread across the UK to examine their
capability, opportunity, and motivation to do this. Of this cohort 1,648 citizens
performed home compost experiments to test the environmental performance
of compostable plastics. We report on the type of plastics they tested and
their disintegration under real home composting conditions. The results show
that the public are confused about the meaning of the labels of compostable
and biodegradable plastics. 14% of sampled plastic packaging items tested
were certified “industrial compostable” only and 46% had no compostable
certification. Of the biodegradable and compostable plastics tested under
different home composting conditions, the majority did not fully disintegrate,
including 60% of those that were certified "home compostable.” We conclude
that for both of these reasons, home composting is not an effective or
environmentally beneficial waste processing method for biodegradable or
compostable packaging in the UK.

compostable, biodegradable, plastic packaging, citizen science, behavior change,
home compostable certification

Introduction

In response to the plastic waste crisis countries all round the world have set targets
to make plastic packaging 100% recyclable, reusable, or compostable, and to eliminate all
unnecessary single-use packaging by 2025 (WRAP, 2018). Including compostable plastics
in the targets was important for two reasons: firstly, there are some items such as food
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FIGURE 11
Chart showing home compost experiment item degradation level according to UK region. Values calculated from 1,307 item results submitted

The analysis shows that labeling interventions are needed to
improve information about the nature of the compostable
material, their environmental impact and how to correctly
dispose of them (Allison et al., 2021).

Our citizen science data also shows that even when citizens
identify the correct disposal route, in this case putting a
certified home compostable plastic into their home composter,
the majority of these plastics still fail to effectively biodegrade
(see Figure 13). The results for TUV OK Compost Home
certified material showed successful composting of only 27% of
the packaging tested, with a further 12% having small pieces
(judged by the participants to be <2mm in size) but still
visible. These small pieces are technically “microplastics” and
are likely to biodegrade fully should they be further exposed
to the composting conditions. However this still leaves 61%
of the packaging not meeting the expectations of a certified
home compostable plastic. This is not a labeling problem but
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one of materials science. The range of item degradation results
shows that the biodegradation process for home compostable
plastics is complex and presents challenges for the regulation
and certification of home compostable materials. A significant
challenge is the diverse composition and form of biodegradable
plastic packaging being marketed as home compostable and thus
the complex mix and volume of polymers ending up in home
compost. The time, temperature, humidity, pH, biodiversity
and the microbacterial diversity within the home composter
all play an important role in successful composting. Our
data shows that there is weak impact of composting duration
(Figure 12), geographical location (Figure 11) or composter type
(Figure 9) which leads to our conclusion that the current mix of
compostable polymers on the market will not reliably compost
in the wide range of conditions found in home composting.
Our data also backs up the assessment by Siracusa (2019)
that it is difficult to reproduce “natural experiments” in lab
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testing environments. The diversity of microbial communities,
the catalytic pathways of nutrient transformation, the material
chemical differences cannot be fully controlled and reproduced
in vitro and hence home composability standards are likely to
be unreliable, as Figure 13 shows clearly. The argument that the
many citizens do not manage their home composter properly,
which is the understandable reaction of many certifying
organizations to this data, fails to take into account the real
behavior of normal people, who have a range of abilities in regard
to managing composting. This range of abilities is clearly not
being captured by the lab tests which are used to certify home
compostable plastics otherwise the failure rates of composting in
the real world conditions would not be as large (see Figure 13).
We know from our data that the compost produced goes
into the food chain of UK citizens. Even if some home
compostable plastics are shown to fully compost in all UK home
composts, it would be wise to assess the environmental impact
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of these materials, the inks and glues used, before assessing the
environmental impact of home compost to properly dispose of
biodegradable plastics.

With all these issues in mind, it is worth asking the question:
What economic or environmental problem do biodegradable
plastics solve? The bio-source of their carbon moves the
packaging sector away from fossil-based plastics which typically
do not fit in the framework of sustainable development
(D’Adamo et al., 2020; Wurster and Ladu, 2020; Gerassimidou
etal,, 2021). But this is also true of bioplastic versions of PE, PP,
and PET, which are fully recyclable, as well as being compatible
with the current collection and sorting systems. Biodegradables
are potentially useful for some product types that are not suited
to recycling due to contamination such as tea bags, fruit labels,
take-away food packaging, nappies, wipes and absorbent hygiene
products. These products typically end up in landfill and, if
the use of biodegradables were to divert them to industrial
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Chart showing home compost experiment item degradation level according to displayed compost certification. Values calculated from 1,307
item results submitted. Iltems displaying multiple certification marks included.

composting, then this might lead to a better outcome. We
have shown home composting, being uncontrolled, is largely
ineffective and would not be a good method of disposal. A
separate collection for industrial composting might be the best
environmental outcome. Work needs to be done to assess the
design of such a system, to ensure that labeling drives correct
behavior and that it could be economically viable.

There is also much materials science to be done in the
design of compostable plastics. The requirements are stringent.
They need to meet the mechanical, chemical and aesthetic
property requirements of packaging applications and able to
be stable and inert for long periods of time in warehouses
and other storage conditions such in containers at sea. Once
disposed of and collected they then need to switch from
protective and inert, to being food for microorganisms. At
the moment the switch is designed to be triggered through
changes in the humidity and temperature but in the future
other switches might be programmed into the material making
them more robust as packaging material and more predictable
as compostable plastics. Such compostable materials that sense
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their environment, compute a decision about their desired state,
and react by chemically or mechanically transforming are part
of the class of animate materials (The Royal Society, 2021).
Applications for such animate compostable materials go beyond
packaging to applications such as biodegradable tree guards
(Chau et al,, 2021), biodegradable fishing nets (Kim et al., 2016),
and other useful plastic products that by the nature of their
application are likely to end up polluting the environment.

We could not have assessed the effectiveness of home
composting without using a citizen science approach. By its
very nature the data we were trying to obtain was only
available from citizens themselves and their back gardens.
We believe it is the first data of its kind for compostable
plastics. Nevertheless, there are defects with our citizen science
experiment methodology that are worth noting. We chose not
to be prescriptive about how the experiment was carried out and
so relied on citizens being methodical and reliable observers.
Participants were asked to identify and select items themselves
according to experiment guidelines (i.e., items displaying words
“compostable,” “home biodegradable,” “home compostable;
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“suitable for home composting,” or TUV OK Compost “Home”
or Din Certco “Home Compostable” certification marks).
Although it is possible some participants might have made
a mistake when inputting this information into our website,
certification marks were verified from optional uploaded photos
and/or from written descriptions submitted by participants.
Some of the data classified as scale 4 may not have been fully
biodegraded but just lost. Equally participants classification
of scale 1 (intact), scale 2 (slight degradation) or scale 3
(heavy degradation) will have been subjective. There is also
the potential that manufacturers of compostable packaging may
have enrolled on the experiment and biased the results to
make their products appear to compost more effectively. The
large number of participants mitigates both of these potential
problems to some extent and clearly the data does not vindicate
any one product, so we consider that these potential biases
are unlikely to have been dominant. We also restricted the
number of items that participants could add to the composter,
but this may not be representative of regular composting
habits. In normal conditions composting greater quantities of
home compostable packaging could be problematic due to their
composition: effective composting requires a balance of sources
of carbon and nutrients for the microorganisms. The result of
using more compostable plastics would most likely have reduced
the effectiveness of the composting of compostable plastic, so
in this respect the experiment is biased toward better results.
We asked participants to put items into a self selected net bag
to help locate them at the end of the experiment. Although
participants were advised to use a net bag with a loose weave to
mitigate any secondary impacts such as slowing disintegration
times or reducing contact with surrounding compost, the effect
of this is not controlled for or verified. Food is widely reported to
biodegrade completely when in net bags. However a slowdown
of item disintegration times cannot be excluded. The most
important bias of the experiment is likely to be due to self-
selecting nature of the participants. Of those who signed up, the
vast majority already separate their food waste and used a home
composter, whereas these are both minority activities at present
in the UK. There is no reason to think this bias would make
the participant less able to carry out an effective experiment
or to report it accurately. Thus, despite the use of hundreds of
untrained citizens we have obtained an invaluable and important
dataset on the effectiveness of home composting of compostable
plastic packaging. Our conclusion is that home composting is
not at present a viable, effective or environmentally beneficial
waste processing method for compostable or biodegradable
plastics in the UK.
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