
Types of bioplastic

Bioplastics were first introduced in the late 1980s by 
several US plastic companies (Brebbia et al., 2014). 
Since then, they have gained popularity in the market, 
as consumers seek green alternatives to fossil-based 
plastics (Pathak et al., 2014; Ruggero et al., 2019). In 
2019, production capacity of bioplastics increased 
from 0.7 million tonnes in 2010 to 2.1 million tonnes 
(European Bioplastics, 2019), nowhere near the 348 
million tonnes of conventional plastic production.   

The ”bioplastics” term encompasses both fossil-based 
plastics that are biodegradable and plant-based 

plastics that are either biodegradable or not (Tokiwa 
et al., 2009; Emadian et al., 2017; Hann et al, 2018). The 
bioplastics that do not degrade can ultimately end up 
in landfills or as marine pollutants, thus exacerbating the 
existing problem (Emadian et al., 2017). Plant-based 
bioplastics rely on renewable biological resources 
such as sugarcane, corn, soy, maize, and potatoes. In 
contrast, fossil-based biodegradable plastics rely on 
non-renewable resources. 

Bioplastics are used in packaging, textiles, 
automotive applications, and agriculture (European 
Bioplastics, 2018a), and are mainly used for flexible 
and rigid packaging, which accounted for 1.23 
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Consumers may think that the “bio” prefix means that a product is greener but the tag 
may be misleading because it describes neither the composition of the plastic nor its 

biodegradability. Not all bioplastics are biodegradable and, like conventional plastics, may 
contain toxic additives and other contaminants. Bioplastics may degrade to microplastics, 

may contaminate the recycling of conventional plastics, and may divert agricultural land from 
food crop production. In the absence of a life cycle assessment, the environmental footprint  
of bioplastic remains uncertain, but the current evidence suggests that bioplastics are not  

a clearly better environmental alternative to conventional plastics.



million tonnes of biodegradable plastic and 0.88 
million tonnes of bio-based non-biodegradable 
plastic in 2020 (European Bioplastics, 2020). These 
uses include bags for compost, disposable cups, 
salad bowls, plates, cling film, and food containers. 
Compostable bags are used in some countries as 
a cleaner and more convenient way to collect food 
scraps for composting rather than the use of non-
disposable containers (Krieger, 2019), and in this 
narrow application, bioplastics may be better for the 
environment than conventional plastics.

One of the most popular biodegradable bio-
based plastics is PLA, or polylactic acid (European 
Bioplastics, 2018a), which has be used as a substitute 
for conventional plastics such as PET, or polyethylene 
terephthalate. The use of PLA, however, comes with 
end-of-life issues that compromise the effective 
management of plastic waste. Current sorting 
technologies do not recognize PLA beverage 
bottles, which often end up with mixed plastic waste. 
Furthermore, although PLA is biodegradable in 
anaerobic digestion and industrial composting facilities, 
it may not fully degrade on its own in the environment. 

Complications

Evidence collected over the last decade shows 
that bio-based plastics made from renewable 
raw materials can contain toxic additives and 
contaminants. One study reported that PLA can leach 
toxic chemicals similar to that of petroleum-based 
plastics like polyvinyl chloride (PVC) and polyurethane 
(Zimmermann et al., 2019). This is because thousands 
of chemicals are used to make plastic products, and 
some are added to PLA to make it behave like plastic. 
A further complication is that the plants needed for 
bioplastics may be grown with chemical fertilizers 
and pesticides (Tabone et al., 2010).

Treatment of bioplastics may also be problematic. 
Bioplastics that are not separated from conventional 
plastics may contaminate the recycling process, so 
distinguishing bioplastic from conventional plastic 
may not be straightforward (Basel Convention, 2020). 
A PET bottle and a PLA bottle, for example, cannot be 
separated by appearance (Alaerts et al., 2018). Even 
more problematic is biodegradable film mixed with 
low-density polyethylene (LDPE) film entering recycling 
plants. In addition, the mere presence of biodegradable 
bioplastics in the industrial compostable process 
may be highly problematic. A number of studies find 
that so called ‘biodegradable bioplastics’ may in fact 
degrade very slowly, requiring more time than food 
waste or green waste to biodegrade completely in a 
composting operation (Folino et al., 2020).

Discarded biodegradable bioplastic bags, like 
conventional plastic bags, pose risks to the 
environment. A field study comparing bioplastic 
and conventional plastic bags as litter found 
similar negative impacts on marine organisms 
(Green et al., 2015). For bioplastic to be a safe and 
viable replacement for conventional plastic, the 
environmental impacts need to be eliminated over 
the whole product life cycle. 

Bio-based plastics are sometimes reported to have 
a lower environmental impact than conventional 
plastics in terms of greenhouse emissions and fossil 
fuel consumption, but this is not always the case 
(Chen, 2014; Arikan & Ozsoy, 2015; Changwichan et al., 
2018). Debates about the full environmental footprints 
of both biodegradable and non-biodegradable 
bioplastics continue (Vendries et al., 2020). Most 
of the analysis has been limited to CO2 emissions 
as opposed to a complete life cycle analysis that 
considers the degradation of non-biodegradable 
bioplastic into microplastics and the direct and 
indirect changes in land use. 

The production of biomass for bio-based plastics can 
divert land use from the cultivation of food crops, 
or worse still, expand cultivation areas into sensitive 
habitats and environments. An increase in bio-based 
plastics could raise the pressure on arable land, 
potentially leading to water shortages, desertification, 
and the loss of habitats and biodiversity (Heinrich 
Böll Foundation & Break Free from Plastic, 2019). In 
addition, the cost of producing bio-based plastic 
is up to two times higher than the cost of producing 
fossil-based plastic (Pemba et al., 2014; Emadian et 
al., 2017; Arikan & Ozsoy, 2015).

What can we do?

The effective management of bioplastics depends on 
the development and adoption of new technologies 
and methods from production to end-of-useful-life 
for the product. Such innovations may require more 
research and the application of life cycle assessments. 
The solutions available now include improving 
source separation and labelling, using alternatives 
to food crops for the production of bioplastics, and 
developing standards for biodegradable bioplastics.

1. Improve source separation and labelling  

Better source separation of compostable bioplastics 
can ensure that they are disposed along with biowaste 
and not contaminate the waste stream of fossil-based 
plastics. In addition, better labelling of bioplastic 
products can inform consumers about product 
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content and thereby improve the potential of source 
separation for composting. 

2. Use alternatives to food crops for bioplastics 
production

The majority of raw material for bioplastics production 
comes from agricultural crops, a situation that poses 
an indirect threat to food security (Corbio, 2016). The 
use of alternative sources such as organic wastes 
(e.g. municipal food waste) and non-food biomass 
crops would not only limit the dependency on 
agricultural food crops but may also improve solid 
waste management (ibid.). The food and agriculture 
sector and other industries produce significant 
amounts of organic waste that can be used for 
this purpose (George et al, 2021). SEABIOPLAS, an 
EU-funded project, proposes the use of seaweed 
from sustainable aquaculture as an alternative 
feedstock. The advantages of this approach over 
traditional feedstocks include higher productivity, no 

competition for land use, minimal water consumption 
with similar sugar content, and contributions to the 
reduction of CO2 emissions (Cordis project, 2016). 

3. Develop standards for biodegradable plastics

Standards for biodegradable plastics can help ensure 
that these products are safe for the environment 
and human health. The development of regulations, 
standards and guidelines for biodegradable plastics 
are necessary to better regulate the production, use, 
and end-of-life handling of bioplastics. The absence 
of such standards ensures continued consumer 
uncertainty causing the contamination of both 
recycling and composting operations and to the 
current undermining the environmentally responsible 
processing of bioplastics. The development of 
packaging that can be composted at home could 
pave the way for an international standard covering 
the characteristics and requirements of a home 
composting process European Bioplastics (2018b).

Bioplastics are clearly better than conventional
plastics for the environment
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