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Executive Summary  
Biodegradable plastics are growing in popularity, both with industry and the public. This is because 
they are seen as a solution to the problems of plastic waste. However, their environmental 
credentials need to be more fully assessed for the following reasons: 
 
Challenges relating to their collection and processing 
• At present, there is no UK-wide system for the collection and processing of biodegradable plastics. 
• There are insufficient instructions and labelling to indicate what citizens should do with them; 
most biodegradable plastics are burnt, or thrown into landfill, which defeats their purpose. 
• If introduced into recycling streams, they contaminate them and reduce the value of the recycled 
plastics produced. 
• If introduced into food waste collection, they are mostly rejected because anaerobic digesters are 
not optimised to process them.  
• There is confusion over whether biodegradable plastics can be put into domestic compost and 
whether they even compost on a reasonable timescale.  
 
Contamination of the environment 
• Studies show that biodegradable plastics often survive intact in the environment for years, or, 
depending on their composition, release harmful microplastics and other substances into the 
environment. 
• The danger of the growth of the biodegradables sector is that proportionally more biodegradables 
will end up in the environment, or contaminating recycling systems, to the detriment of both the 
environment and the recycling sector.  
 
Public Trust & Behaviour Change  
• Biodegradables have a reputation of being good for the environment; however, there is little 
evidence for this, and there is a growing risk of moral hazard if the sector is not reformed. 
• The use of biodegradable plastics can divert organisations from adopting more environmentally 
beneficial approaches to packaging such as designing for reduction, recycling, and reuse.  
 
Recommendations  
Biodegradable plastics could be part of a sustainable UK packaging system, but only with strong 
government intervention and the development of technical solutions and financial incentives that 
make them part of a biodegradable plastic circular economy. This would require: 
 
• Regulation, testing, and labelling of biodegradable plastics. 
• A new automated method of sorting biodegradable plastics from non-biodegradable plastics. 
• A UK-wide system of industrial composters for biodegradable plastics. 
• A UK-wide system of collection for biodegradable plastics. 
• A set of PRN taxes that give biodegradable plastics value as they travel through the biomass 
circular economy. 
• A public campaign that makes it clear how citizens can dispose of biodegradable plastics. 
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Glossary  
 
Much of the language around biodegradable plastics is both too technical and unfamiliar to the 
public. Here we provide a glossary of terms to help readers navigate the topic and interpret this 
report. 
 
Anaerobic digestion is a series of processes by which microorganisms break down biodegradable 
material in the absence of oxygen. Such processes are used for industrial or domestic purposes to 
manage waste, or to produce fuel (methane also known as biogas), and compost.  
 
Biodegradable plastic can be broken down into water, biomass, and gases such as carbon dioxide 
and methane. Biodegradability depends on environmental conditions such as temperature, 
humidity, the presence of oxygen, and microorganisms. 
 
Biogasification is an industrial process whereby biomass is converted into biogas, which can then 
be used as fuel. 
  
Bioplastics is a rather confusing term that encompasses a range of different materials that are 
either bio-based, biodegradable, or both. Bio-based bioplastics are made using polymers derived 
from plant-based or microorganism sources such as starch, cellulose, lignin, or polylactate. Bio-
based bioplastics can be engineered to be biodegradable; equally they can be engineered to be 
chemically identical to petroleum-based plastics such as non-biodegradable polyethylene. 
 
Carbon sequestration is the removal and storage of carbon dioxide from the atmosphere by natural 
or artificial processes.  
  
Compostable materials are a subset of biodegradable plastics that break down safely into water, 
biomass, and gases under composting conditions. Industrial composting conditions are the most 
favourable: temperatures of 55-70 ºC, high humidity, and oxygen. Materials that break down in 
industrial composters may not break down under home composting conditions. 
  
End-of-life is a term used to indicate the stage of a product, process, or system when it is disposed 
of and/or recycled.  
 
Global warming potential (GWP) is a measure of greenhouse gas emissions in terms of their 
potential to trap heat in the earth’s atmosphere, relative to carbon dioxide, in a specific time 
horizon.  
 
Home composting is a general term for the process by which biodegradable garden waste or 
domestic food waste is collected and placed in either a container or heap to allow natural 
processes to turn it into compost. It is a manual process whereby the composition and process 
temperatures remain largely unregulated. Both aerobic and anaerobic conditions can occur in 
home composting, although aerobic conditions are more normal. The time frame for home 
composting depends on personal preference and the use to which the compost is put, but 3-12 
months is typical. 
 
Industrial composting is a controlled biotechnological process for transforming biodegradable 
waste of biological origin into stable, sanitised products to be used in agriculture. It generally 
describes a series of methods that confine the composting materials within a building, container, 
or vessel (Vert et al., 2012). In-vessel composting systems consist of metal or plastic tanks, or 
concrete bunkers in which airflow and temperature can be controlled, following the principles of a 
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“bioreactor”. Generally, air is metered in via buried tubes that enable it to be injected under 
pressure, the exhaust is extracted through a biofilter, and the temperature and moisture 
conditions are monitored using probes in the mass that allow for the maintenance of optimum 
aerobic decomposition conditions. 
  
Life cycle assessment (LCA) is an environmental assessment methodology used to analyse the 
environmental impacts associated with resource utilisation and emissions at each stage of a product, 
process, or system’s life cycle.  
 
Near-infrared technology is the use of the near-infrared light that is invisible to the human eye. 
Near-infrared emitters and detectors are typically used to obtain information such as the material, 
shape and size of an object subjected to the light.  
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1. Introduction  
 
The recent public outcry in the UK and many other countries with regards to the environmental 
impact of plastic waste has created a mandate for wholesale change of the use of plastics in 
packaging. In April 2018, those companies responsible for 80% of the UK’s plastic packaging pledged, 
in the UK Plastics Pact, to make all plastic packing 100% recyclable, reusable, or compostable, and to 
eliminate all unnecessary single-use packaging by 2025 (WRAP, 2018). This declaration has resulted 
in a significant growth of the compostable plastics packaging sector, with new companies offering a 
vast range of products that are intended to reduce single-use plastic packaging. These range from 
potato starch-based flexible films to rigid polylactic acid (PLA) polymers. The global market for 
biodegradable plastics was 1.2 million tonnes in 2018 and is set to grow by 60% by 2023 (European 
Bioplastics, 2018) with each brand claiming to provide a sustainable solution to the plastic waste 
problem. These claims are largely unsubstantiated and have led to widespread confusion among 
consumers about: (i) how they should dispose of these products; (ii) what frequently used terms 
such as “bioplastic,” “biodegradable,” and “compostable” actually mean; and (iii) whether these new 
products are safe for the environment. The aim of this report is to provide clarification on the 
overarching question: ‘Are biodegradable plastics a sustainable solution to the plastic waste 
crisis?’  
 
We, the authors of this report, are a multidisciplinary group of academics including scientists, 
engineers, designers, artists, and social scientists from University College London. We are part of the 
Plastic Waste Innovation Hub (2019) whose aim is to develop new ways of designing-out waste from 
plastic packaging and create new circular economy business opportunities. The work for this report 
has been fully funded through a UKRI/EPSRC PRIF grant (EP/S024883/1). Our Steering Committee 
has representation from producers and users of traditional plastic packaging, companies using 
compostable plastics, waste reprocessing organisations, and other independent groups (Plastics 
Waste Innovation Hub, 2019).  Throughout the course of this work, we have consulted with many 
companies and organisations that use compostable plastics, or are interested in using them. We 
include some of these as case studies. 
 
We begin this report by defining the types and methods of producing and composting biodegradable 
plastics. This section is followed by an account of the typical lifecycle of compostable plastic 
packaging in the UK. We then assess the known environmental impact of making and disposing of 
these plastics, and follow with a discussion of the issues of public understanding and the types of 
behaviour change needed with regard to biodegradable plastics. We end with a discussion of how a 
circular economy based on biodegradable plastics might work and our recommendations for policy 
makers.  
 
2. Biodegradable plastic standards and processing 
 
2.1 Summary  
 
Biodegradable plastics are designed to be consumed by microorganisms. The rate at which they do 
this is highly dependent on the environment; most biodegradable plastics will not degrade to any 
significant extent in the sea, cold dry environments, or in landfill. Biodegradable plastics used in 
packaging are designed to be collected and industrially composted, although some also claim to be 
home compostable. The industrial processing of food waste requires different conditions to those 
required for compostable plastics, which are rejected at these facilities. There are well-established 
European standards for industrial composting of biodegradable plastics, as well as labelling schemes 
that identify whether they meet these standards. Automated identification and sorting of 
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compostable plastics does not yet exist, and this is a major barrier for the UK-wide collection, 
sorting, and processing of compostable plastics. 
 
2.2 The difference between bioplastics, biodegradable plastics, and compostable plastics 
 
Bioplastics are plastics that are either completely or partially made from biomass such as crops or 
waste crop material. The “bio” indicates the origin of the carbon in the plastic and does not say 
anything about whether the plastic is biodegradable or not. So conventional plastics such as 
polyethylene, when made from bio-derived sources of carbon, are called bioplastics. Likewise, 
biodegradable bioplastics can be made from petrochemicals. Thus, biodegradability is a property 
distinct from the source of the feedstock of the plastic; it refers to the capability of being degraded 
by biological activity (Kjeldsen et al. 2019). This means that biodegradable material can be used as a 
source of carbon and energy for naturally occurring microorganisms, mainly bacteria and fungi, and 
broken down and transformed into new cell biomass and, ultimately, simple molecules such as 
carbon dioxide (CO2) and water over a period of time (Vert et al., 2012). Many materials are 
biodegradable such as paper, cardboard, wood, and certain types of plastic. 
 
A subset of biodegradable plastics can also be compostable, i.e., capable of undergoing biological 
degradation in a compost site at a rate consistent with other known compostable materials, leaving 
no visibly distinguishable or toxic residues (Vert et al., 2012). The rate of biodegradation of a plastic 
polymer largely depends on its physical and chemical properties and composition, as well as the 
environmental conditions to which it is exposed (Siracusa, 2019). The rate of biodegradation can be 
determined by different standard test methods that measure, under controlled conditions, markers 
of the aerobic biodegradation process such as oxygen demand and CO2 productio (Kjeldsen et al. 
2019). 
 
2.3 The difference between industrial and home composting 
 
Industrial composting is a controlled biotechnological process for transforming biodegradable 
organic waste into compost, a resource used in agriculture (European Bioplastics, 2009; Song et al., 
2009; Ruggero, 2019). Depending on the process, industrial composting facilities are designed to 
undertake aerobic composting or anaerobic digestion (biogasification). In aerobic composting, 
microorganisms consume oxygen while breaking down organic waste to produce CO2, water, 
compost, and heat. In general, the process consists of two distinct phases: In the active composting 
phase that lasts a minimum of 21 days, microorganisms actively break down the organic waste using 
it as a source of nutrients, thereby generating heat and causing the temperature within the 
composting heap to rise to 50-60°C and above. With the temperature increase, the microbial 
populations shift from being microbes adapted to ambient temperature (mesophiles) to microbes 
adapted to high temperature (thermophiles). Temperatures remain above 60°C for at least one 
week in order to eliminate unwanted pathogens, fly larvae, and weed seeds. During the curing phase 
the process slows down, the temperatures drop, and the compost matures.  
 
In anaerobic digestion, bacteria degrade the organic waste in the absence of oxygen, producing 
biogas (methane and CO2) and compost, practically without heat (Bátori, 2018). Different 
technologies exist, but they are mainly distinguished by: temperature (digesters can run at 
mesophilic temperatures between 35 and 40°C, or at thermophilic temperatures between 50 and 
55°C); moisture content (wet below 15% of solid matter by weight, dry above 15%); the regime of 
digesters (continuous or in batch); and the separation of the metabolic stages (single versus 
multistage). The anaerobic digestion system largely depends on the feedstock. For example, garden 
and food waste mixtures tend to be processed at a thermophilic temperature using the batch 
system, while animal slurry mixed with industrial and municipal food wastes are more likely to be 
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processed at a lower temperature using a continuous flow system. Generally, the produced 
digestate is then aerobically composted to reduce the residual biological activity and obtain 
complete maturity of the compost (WRAP, 2016). The performance and results of anaerobic 
digestion depend on many additional conditions such as pH, feedstock composition, and 
characteristics, as well as the microbial strains used as the inoculum (Pagliano et al., 2017).  
 
Home composting is a general term for the process by which biodegradable garden waste or 
domestic food waste is collected and placed in either a container or heap to allow natural processes 
to turn it into compost. It is a manual process whereby the composition and process temperatures 
remain largely unregulated. Both aerobic and anaerobic conditions can occur in home composting, 
although aerobic conditions are more normal. The time frame for home composting depends on 
personal preference and the use to which the compost is put, but 3-12 months is typical. 
 
2.4 Composting standards and labelling 
 
Biodegradation testing standards (ISO and ASTM) have been designed to determine the 
biodegradability of plastics in soil, compost, landfill, marine, or other aquatic environments 
(Siracusa, 2019; Funabashi et al., 2009). The EU standard for compostable and biodegradable 
packaging EN 13432:2000 defines the criteria that must be met for a material to be suitable for 
commercial industrial composting (European Bioplastics, 2016): Test material (packaging and organic 
waste) has to show disintegration and loss of visibility in the final compost; after three months, no 
more than 10% of the initial weight of the test material should be retained after sieving it through 
2mm mesh size. Within a maximum of six months, 90% of the carbon in the test material must be 
converted to CO2, having the same rate of biodegradation as natural materials. The test material 
must have no negative effects on the composting process and no adverse effect on the quality of the 
compost produced, including the heavy metals content. Additionally, EN 13432 states that anaerobic 
biodegradation and disintegration can be verified as an option. The degree of biodegradation 
(biogas production) has to be at least 50% after two months, as aerobic composting follows 
anaerobic fermentation, during which time biodegradation can continue. With regard to 
disintegration, the standard requires that after five weeks of combined anaerobic and aerobic 
treatment, at most 10% of the original sample may remain after sieving through 2mm mesh size. For 
non-packaging plastics, a different EU standard exists: EN 14995:2006; however, the same 
requirements apply (European Bioplastics, 2016). 
 
The standards specify requirements for the identification and labelling of commercially compostable 
plastics (European Bioplastics, 2016). Manufacturers of compostable plastics can obtain certification 
from a number of certification bodies. The certification gives visibility to compostable plastics and 
helps consumers identify them. In Europe, the most important certification schemes that comply 
with EN 13432 are DIN-CERTCO (Germany), TÜV AUSTRIA (formerly Vinçotte) OK Compost label 
(Belgium), and COMPOSTABILE – CIC (Italy) (Association for Organics Recycling, 2011). In the UK, the 
Association for Organics Recycling operates a certification scheme in partnership with Germany’s 
DIN-CERTCO scheme that aligns with the requirements of EN 13432 (British Plastics Foundation, 
2019).  
 
Although there is currently no international or European standard for home composting, the 
following national regulations, standards, and certifications exist: UNI 11183 (Italy), AS 5810 
(Australia), NT T 51-800 (France), and OK Compost (Belgium) (Association for Organics Recycling, 
2011). In the UK, the Publicly Available Specifications PAS100 and PAS110 provide a baseline quality 
specification for compost and digestate respectively (British Standards Institution, 2018).  
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 Fig. 1. Some popular composting labels used in Europe. There is no UK standard label. 
 
 
2.5 Industrial composting of biodegradable plastics 
 
The effective waste management of biodegradable bioplastics could be achieved through the 
existing waste infrastructure; however, various process modifications would be required (Alaerts et 
al., 2018; Samper et al., 2018; Ellen MacArthur Foundation, 2016). The biodegradation process for 
compostable plastics within an anaerobic digester is complex and a challenge to regulations 
(Ruggero, 2019; Ellen MacArthur Foundation, 2016). Not all certified compostable plastics would 
degrade to the same extent during the anaerobic digestion stage: different microorganisms degrade 
different polymers, and different microbial communities are present within the same digester 
depending on the composition of the available waste. Additionally, more testing is needed on the 
behaviour of different plastics and the optimum treatment conditions of different anaerobic 
digestion systems (Ruggero, 2019). Thus, industrial anaerobic composting facilities would have to 
undergo technical modifications in order to process compostable packaging (Rujnić-Sokele and 
Pilipović, 2017), and the yields of biogas may be too low to justify this approach.  
 
 
2.6 Sorting biodegradable plastics 
 
Conventional plastics recycling facilities favour the inclusion of single types of plastic in the waste 
stream, thereby necessitating sorting, which is currently difficult and expensive. The common 
application for biodegradable plastics is food packaging. However, a standard recycling facility is not 
equipped to deal with food-contaminated packaging, so most of this material ends up in landfill, or is 
incinerated. Screening systems (still mostly mechanical) are utilised in composting plants to remove 
any possible contaminants, including plastics. As these systems are not able to differentiate between 
compostable and non-compostable plastics (due to their similar weights, densities, and visual 
appearance), compostable plastics are generally excluded from existing anaerobic digestion plants, 
even at low volumes (Rujnić-Sokele and Pilipović, 2017). The automated process of sorting 
biodegradable and compostable plastics from conventional plastics using near-infrared technology is 
possible. Near-infrared technology can detect different types and grades of plastics and is currently 
the most commonly used automated sorting technology for recyclable plastics (Ellen MacArthur 
Foundation, 2016). Alternative sorting technologies are being explored such as image recognition, 
which identifies items of packaging through machine vision and marker technologies that attach an 
easily identifiable marker (machine-readable fluorescent inks, or chemical markers) to each 
packaging item (Ellen MacArthur Foundation, 2016). 
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Fig. 2. The current life cycle of most biodegradable plastics.  
 
 
3. Life cycle of biodegradable plastics  
 
Fig. 2 shows the typical life cycle of biodegradable plastics in the UK, which start life as biomass 
waste from a crop such as corn, wheat, or potatoes. The chosen crop undergoes chemical 
engineering treatments to convert its starches and cellulosic material into polymers. For example, 
the biodegradable plastic polylactic acid (PLA) is produced by fermenting starches to produce lactic 
acid, which is then polymerised. Once the basic polymers have been produced they are processed 
into plastic granules for distribution to packaging manufacturing plants, which use processes similar 
to those for mainstream polymers such as blow moulding, extrusion, and compression moulding. 
This is one of the advantages of biodegradable plastics; they fit into existing processing practices for 
packaging and filling products. It is important to consider the shelf life of biodegradable plastics 
packaging; biodegradable plastics then to have lower shelf lives than conventional plastics and are 
sensitive to environmental conditions, especially moisture. 
 
After use, biodegradable plastic packaging needs to be separated from other plastics because 
biodegradable plastic requires a different processing route. If the packaging is made from an 
industrially compostable material then it should be separated for that purpose. However, there are 
very few special collections for these plastics in the UK. They should not be put into recycling 
systems, because there are currently no automated sorting technologies available for biodegradable 
plastics. If biodegradable plastics are put into the food waste collection, they get separated out and 
burnt, or sent to landfill. This is because food waste is processed using industrial anaerobic digesters. 
The vast majority of anaerobic digesters in the UK cannot compost biodegradable plastics, because 
they are optimised to consume food waste (see Section 2.2). Even though some biodegradable 
plastic films can, in theory, be digested, they are too similar to conventional plastics to allow for 
reliable sorting. Some biodegradable plastics are labelled “home compostable,” but there is no data 
available as yet about how many people home compost, under what environmental conditions, and 
whether such plastics biodegrade fully within an acceptable time period (We are in the process of 
collecting this data through our BIG COMPOST EXPERIMENT). Therefore, within the UK, the best 
waste stream for biodegradable plastics is the general waste, through which they will be sent to 
landfill or burnt. Neither outcome is good for the environment, because of the emissions they 
produce in each scenario.  
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If biodegradable plastics end up in the environment, their fate is less certain. Those plastics that end 
up in the sea may not biodegrade to any great extent because temperatures are generally too low 
(Napper and Thompson, 2019). Those that end up on land may biodegrade if the temperature and 
humidity are favourable, although this may take many years and leads to microplastics in the 
environment.  Napper and Thompson (2019) compared many biodegradable bags in different 
scenarios and concluded that “none of the bags could be relied upon to show any substantial 
deterioration over a 3 year period in all of the environments.” 
 

 

Case Study – Tree Shelters 
 
Under the amended Climate Change Act 2008 (2050 Target Amendment), the UK is committed 
to reducing greenhouse gas emissions to “net-zero” by 2050. The Committee on Climate Change 
(CCC) has reported that, in order to meet this target, wood expansion is necessary; the UK’s 
woodland cover is required to increase from 13% to 17%. The Woodland Trust has translated 
this to mean acquiring a million new hectares of cover (between 1.5 and 2 billion trees). 
Conventionally, trees are planted with plastic shelters to protect them from grazing wildlife. 
Given the recent environmental concern for plastic waste, a life cycle assessment (LCA) 
comparative study was carried out to understand the environmental impacts of the continued 
use of tree shelters (PP) when compared with the use of biodegradable tree shelters (PLA), or 
no tree shelters. 
Specifically, our study compared the planting of 500 trees using: (i) PP tree shelters with 
collection for recycling; (ii) PP tree shelters with collection for landfill/incineration; (iii) PLA with 
collection for recycling; (iv) PLA without collection (100% biodegradability assumed); and (v) no 
tree shelters. The results show that the use of tree shelters, irrespective of what they are made 
from, has the biggest impact on CO2 absorption over the five-year study period; see Fig. 3A. 
(Note: The average tree survival rates and CO2 sequestration rates were taken from the 
literature. Transport distances of 300km and sapling weight of 5kg per sapling were used to 
calculate fuel requirements).  
Whether the material is biodegradable or not affects other environmental impact categories. 
The results show that neither PP nor PLA are without issues for these impacts. An interesting 
result of the analysis is the scenario whereby no tree shelters are used. Our analysis indicates 
that re-delivery of saplings for replantation (to achieve the same tree survival rates) would 
result in lower environmental impact values compared to scenarios where tree shelters were 
used. In other words, using no tree shelters (biodegradable or not) and replanting regularly may 
be the best option. See full report on this for more details and assumptions used [Chau et al.]. 

 
Fig. 3. Life cycle assessment (Potential CO2 sequestration) results for climate change due to 
planting 500 trees with and without tree shelters over a 5 year period.  
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Case Study – Feminine Hygiene Products 

Traditionally, menstrual products, particularly pads and liners, are made of mainly cotton and 
petroleum-based plastics, and the packaging for these products are typically oil-based plastics 
as well. One particular company is manufacturing such products using alternative materials, 
mainly bamboo and corn fibres and polylactic acid (PLA) blend (bio-based plastic). This aims to 
reduce our reliance on petroleum-based plastics and increase the biodegradability of such 
products. 
 
A life cycle assessment (LCA) comparative study was carried out to assess the differences in 
environmental impact between the supply, manufacture, and disposal of conventional and 
alternative pads in the UK. The LCA model for conventional pads was based on reported data on 
a leading product manufactured in Ontario, Canada, and shipped to the UK. For alternative 
pads, the model was based both on information supplied by the company and reported data. 
The material components for these pads were modelled as having been shipped from China to 
Turkey where the assembly of pads occurred.  
 
Results showed that the use of alternative materials generated lower environmental impact per 
pad across eight out of ten of the environmental impact categories analysed. For freshwater 
consumption (Fig. 4A) and landfill, this was attributed to the difference in the materials used to 
construct the pads. Cotton, as the assumed main component for conventional pads, is 
associated with higher land and water requirements compared to bamboo and corn fibres (used 
in the alternative pad). The reason for the lower environmental impact generated by the 
alternative pad was the difference in the overall pad mass. For instance, the lower material 
content meant that less fuel was needed for transport and fewer materials were required to be 
landfilled and incinerated. This led to a lower contribution towards the climate change impact 
category (measured in GWP) (Fig. 4B). Note: Both pads were classified as “day” pads and 
comprised a similar amount of super absorbent polymer (SAP), thus their functionality was 
deemed to be the same. See our full report  for more details and assumptions used [Chau et al.]. 
 
 

 

 
(A)       (B) 

Fig. 4 (A & B). Life cycle assessment results for: (A) freshwater consumption; and (B) climate 
change environmental impact categories associated with conventional and alternative menstrual 
pads. The use of alternative materials in general generated lower impacts for both impact 
categories.  
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4. Environmental impact of biodegradable plastics  
 
4.1 Summary  
 
Most biodegradable plastics are made from bioplastics, and therefore have a lower global warming 
potential (GWP) than conventional petroleum-based plastics. However, depending on their 
application, they can require more mass to carry out the same function as petroleum-based plastics, 
thereby increasing their GWP. Their end-of-life is poorer than for conventional plastics that are 
recycled in terms of GWP, unless they are fully degraded in the environment. However, most 
biodegradable plastics are not designed to biodegrade within the environment, but rather need to 
be industrially composted where the GWP is not lower than recycling. There are pollution hazards of 
discarding biodegradable plastics in the environment; these are similar to when conventional plastic 
is discarded in the sea, although it is not yet clear what the exact effects on soil health and wildlife 
are, and depend on the material.  
 
4.1 Production 
 
The environmental impacts of biodegradable plastics are usually compared with alternatives such as 
petroleum-based plastic, paper, and cotton, depending on the type of product being analysed 
(Edwards et al., 2012; Razza et al., 2009; Chaffee and Yaros, 2007; Razza et al., 2015; Garraín et al., 
2007; Bohlmann, 2004). In terms of production, the main difference between biodegradable plastics 
and conventional plastic is the origin of the carbon, for example the use of plant-based materials 
such as corn, sugarcane, and wheat rather than fossil fuels (Bohlmann, 2004; Narodoslawsky, 2015). 
Life cycle assessments (LCAs) for biodegradable plastics often include the benefits of CO2 
sequestration (credit for plant uptake of CO2). This generally results in bio-based plastics having a 
lower GWP value per mass produced (Bohlmann, 2004; Hottle et al., 2013; Yates and Barlow, 2013; 
Koch and Mihalyi, 2018). In our Case Study of Feminine Hygiene Products, we demonstrate that it is 
not the biodegradability of the plastics that makes such products more sustainable, but rather the 
biomass origin of the plastics and their mass.  
 
4.2 Use 
 
When put to use within feminine hygiene applications, the material properties of different types of 
plastics influence the overall environmental impact of a product. For example, for applications 
where material strength is essential, less material is required if it is stronger or stiffer per weight. 
This equates to less production activities being required and, therefore, lowers the GWP value due 
to lower electricity consumption. Less mass also means less energy usage for transportation, which 
also equates to a lower GWP. This is why biodegradable products such as packaging, cutlery, and 
containers can exhibit higher GWP than conventional plastics, even when taking into account their 
CO2 sequestration (Garraín et al., 2007; Bohlmann, 2004; Martínez, 2007). For example, a higher 
mass of PLA is often required to supply the same functionality as conventional polythene, i.e., you 
need more of it for the same functional property (Bohlmann, 2004). This unintended consequence is 
explored in more detail in our Case Study of Plastic Tree Shelters, where we show that there is little 
difference in environmental impact between PP and PLA plastic tree shelters. 
 
4.3 End of Life 
 
LCA studies from the literature show that mechanical recycling of plastic (as an end-of-life option) 
has a lower GWP than biodegradation, or energy generation (Chaffee and Yaros, 2007; Hermann, 
2011). This is because recycling plastic has a lower GWP than manufacturing new plastic. When 
analyses consider the amount of greenhouse gas emissions that are avoided due to recycling, the 
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net GWP associated with a product is lowered. In addition, most biodegradable plastics require 
industrial composting to biodegrade and must therefore be collected for degradation (Kjeldsen et 
al., 2019). As with recycling, transport, and energy are required for this waste management, which 
results in CO2 emissions. Only when full biodegradability in nature is assumed, do biodegradable 
plastics generate lower overall GWP than recycling conventional plastics (Razza et al., 2009). 
 
 
4.4 Other environmental considerations  
 
Recent studies have found environmental impact trade-offs when switching from petroleum-based 
plastics to bioplastics (Hottle et al., 2013; Koch and Mihalyi, 2018). In most circumstances, the use of 
plant-based feedstock has greater environmental impact on: soil acidification, ecotoxicity, 
eutrophication, and ozone depletion production (except when agricultural waste is used as the 
feedstock) (Hottle et al., 2013; Koch and Mihalyi, 2018). Thus the choice of replacing conventional 
plastics with bio-based plastics depends on which environmental impact category is of most 
concern. This will depend on the local environment in which processes are to be carried out, in order 
to determine which environmental impact should be minimised (Guzzetti, 2018). 
 
Plastic leakage into the environment is a case in point. The durability of conventional plastics (in 
large form) and its fragmentation into microplastics (plastics that are < 5μm in diameter) endanger 
wildlife, marine life, and human health (James and Grant, 2005; Woods et al., 2019; Castelan, 2018; 
Napper & Thompson, 2019). This has prompted the rise in popularity of biodegradable and 
compostable plastics. However, biodegradability and compostability are dependent on 
environmental conditions; they may behave like conventional plastics and simply fragment (Al-Salem 
et al., 2019; Haider et al., 2019; Weng et al., 2013). Recent studies have shown that both 
conventional and biodegradable microplastics are harmful to the health and behaviour of small 
organisms such as earthworms and various marine organisms (Green et al., 2016; Guzzetti et al., 
2018). However, the extent of its effects depends on the polymer itself and the amount of plastic; 
the concentration of microplastics used in these studies may not reflect real environmental settings. 
In addition, because all plastics require additives to support their material functionality, it is 
uncertain whether their harmful effects are due to the additives or polymers themselves (Lambert 
and Wagner, 2017). More research is needed to understand the degradation profiles of different 
plastics; the rate of polymer and additive migration into each environment; and their associated 
risks for wildlife and human health (Woods et al., 2019; Lambert and Wagner, 2017; Thomas, 2010). 
Only when these are fully understood, can we judge the effects of moving from conventional plastics 
to bioplastics and/or biodegradable plastics. The development of non-toxic additives may also be 
required to ensure that the end-of-life of these plastics does not inhibit the growth of wildlife (land 
and marine) if released into the environment.  
 
 
5. Behaviour Change  
 
5.1 What are the likely influences on human behaviour of biodegradable plastics? 
 
Most people are motivated to do the right thing by the environment and the planet. This means that 
they are more likely to buy and use materials that appear to be less harmful to the environment. The 
growing popularity of biodegradable plastics is an example of this – “bio” sounds natural rather than 
artificial/chemical, and “degradable” sounds good, especially given the awareness of non-degraded 
plastics polluting our oceans and harming fish and other ocean life. 
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The main barriers to engaging in behaviours thought to be kind, or at least less harmful, to the 
environment are capability, especially knowledge about what to do and how to do it, and 
opportunity, in particular easy access to, for example, a separate collection for biodegradable 
plastics at no or minimal cost to the behaviour. 
 
There is a danger that biodegradable plastics may cause more harm than good if people believe 
them to degrade naturally without specialised processing. Currently, there is little awareness that 
specialised collection and processing is necessary. Instead, people think, I bought biodegradable, job 
done! In particular, there is a potential moral hazard at play whereby those who sell compostable 
packaging as a solution to the plastic waste crisis may be relying on the public’s ignorance of the 
specialist collection and processing methods that are necessary for it to be a sustainable option. If 
the sector grows without the public being well informed, there is a real risk that littering of such 
plastics into the environment may increase (Heidbreder et al., 2019). A persuasive example is the 
growth in the sector of biodegradable wipes, where without clear messaging, people believe that 
wipes are suitable for disposal directly into the environment, or down the toilet. 
 
Biodegradable plastics are increasingly viewed as a ‘green’ alternative to unrecyclable polythene 
films such as those used to package weekend magazine supplements (for example, Weekend, The 
Guardian’s Saturday magazine) or membership magazines (for example, Tate Etc.). In cases such as 
these, organisations are responding to public pressure to do something better for the environment 
by swapping one plastic for a “better” one. However, a more environmental approach would be to 
remove the plastic packaging altogether. These examples highlight another behavioural danger 
associated with biodegradable plastics: They appear to provide a greener approach to the “throw 
away” culture of single-use plastics. Other examples are compostable cups and compostable take-
away containers, which are displacing more environmentally beneficial reusable or recyclable 
alternatives (see our Case Study of Take-Away Food & Drink).  
 
5.2 Behaviours required for successful processing of biodegradable plastics 
 
Since there is no UK-wide system for the collection and processing of biodegradable plastics, people 
have to fall back on their own motivation, knowledge, and opportunity for the appropriate disposal 
of biodegradable plastics (Abraham et al., 2009). 
 
Motivation 
For people to be motivated to make efforts to dispose of biodegradables appropriately, they need to 
know the harmful consequences of inappropriate disposal. For example, it may seem plausible to 
put items labelled biodegradable into food waste or into recycling. However, most are rejected 
because anaerobic digesters are not optimised for them. Instead they are burnt, or put into landfill. 
If they are put into recycling, they contaminate it and reduce the value of the recycled plastics 
produced. There is also confusion over what items can be put into domestic compost and whether 
they will indeed compost. 
 
Ignorance of the consequences of doing the wrong thing and confusion about what is the right thing 
to do both undermine motivation. People are likely to think, This is all too confusing and 
problematic, I won’t bother. 
 
Knowledge 
There is poor instruction and labelling to indicate to people that they should not put biodegradables 
into the food waste, or into the recycling, or into the environment. Without information that is easy 
to see and understand, people do not have the capacity to act in a way that enables biodegradables 
to be processed effectively. 
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Opportunity 
Even if people are motivated because they understand the importance of disposing of biodegradable 
plastics appropriately and have the knowledge of what to do, they may not behave appropriately 
because they do not have the opportunity to do so; that is, easy access to a clearly labelled separate 
collection for biodegradable plastics. Alternatively, if they have bought home-compostable 
packaging, they would need access to a home composting system.  
 
 
5.3 Messages and labelling to increase motivation and knowledge 
 
Messages need to be motivating as well as informational. The bottom line is that they need to 
answer the question: “Why should I do it?” Information about the harmful consequences of not 
doing the desired behaviour, along with a message about the ease of doing it, are likely to be most 
persuasive. The key information to get across is how to dispose of  biodegradable plastic in order to 
protect the environment. Information needs to be clearly and prominently displayed on items in the 
fewest words possible. Images and symbols grab people’s attention more than words, but they need 
to be unambiguous and clearly linked to behaviour. For example, a picture of a cigarette with an X 
through it clearly communicates that smoking is not allowed. 
 
Messages on labels should, if possible, be backed up by a public campaign to increase awareness 
and encourage people to look out for labels on plastics. The labelling on items needs to indicate 
what should be done. The recycling sign that uses arrows connecting with each other in a closed 
triangle has intrinsic meaning; the sign is widely understood and is an important part of enabling 
recycling behaviours. Equivalent standardised signs are needed for industrially compostable and 
home compostable plastics. 
 

 
 

Case Study – Take-Away and On-The-Go Food & Drink 
 
Companies that sell take-away food have come under increasing pressure from customers to 
make their food and drink containers more environmentally sustainable. Our interviews with 
these companies (from small, family-owned market stalls to international on-line businesses) 
reveal that customers perceive biodegradable packaging to be better for the environment. Being 
market-led, many companies are looking into sourcing biodegradable packaging from suppliers, 
swapping like-for-like biodegradable packaging that performs the same function as their existing 
packaging. Such a shift can have unintended consequences, as demonstrated recently by fast 
food company McDonald’s, who switched from plastic to paper straws (its customers use 1.8 
million straws a day) without realising that neither paper nor plastic straws are recycled in the 
UK. Another unforeseen consequence of switching to biodegradables is the disposal of millions of 
tonnes of food and drink containers into the environment, as many consumers misunderstand 
the biodegradability of such products (without the use of industrial composting facilities).  
 
Further conversations with take-away food companies have identified that the reduction of 
unnecessary packaging could have a significant impact. For example, redesigning food containers 
to include compartments for condiments would make it unnecessary to supply small unrecyclable 
containers. In the case of supplying disposable cutlery, making the request an opt-in with an 
associated cost could also be a more environmentally sustainable way forward than switching to 
biodegradables. More significantly, almost all UK residences have a collection for recyclable 
plastics. If all take-away food containers were manufactured from recyclable plastics such as 
HDPE, PP, or PET then further gains could be made. A simple message to the public such as: 
“Rinse and recycle all take-away plastic packaging” could lead to considerable gains. 
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6. A circular economy of biodegradable plastics  
 
The UK government has recently convened consultations on changing its plastic waste management 
strategy. In particular, the Packaging Recovery Note (PRN) scheme is being reconsidered after 
criticism that the existing system only covers 10% of plastic packaging recycling costs and is 
vulnerable to fraud (DEFRA, 2019). There is also a growing problem around the Packaging Waste 
Export Recovery Notes in that it is increasingly difficult to find reputable waste processors in other 
countries, especially in light of the fact that several countries have stopped accepting plastic waste 
exports altogether (Partridge and Medda, 2019). 
 
From a financial perspective, in order to create a circular economy for biodegradable plastics, it is 
necessary to improve the profitability of the packaging system. For biodegradable plastics to work 
within a circular economy, the costs of collecting and composting them either need to be paid by the 
proceeds of the sale of the compost, or by taxes or other fees. To address this, the revised PRN 
scheme for biodegradable plastics should ensure that some of the collected revenues are ring-
fenced for improving waste collection, sorting, and industrial composting (see Fig. 5). This could 
make biodegradable plastic anaerobic waste management comparable with the incumbent solution, 
incineration, which has gate fees of about £90/tonne as of 2019, and with £100/tonne for landfill 
(WRAP, 2019). The revenue from this tax could be structured as a co-finance mechanism for 
potential solutions to be invested in new waste management solutions. 
 

 
 

 
Fig. 5. A circular economy of compostable plastics (the £s indicate which parts of the system would 
need a packaging PRN tax to make it viable). 
 
7. Discussion 
 
The words “biodegradable” and “compostable” are often used interchangeably – even by packaging 
manufacturers – but have very different meanings. “Biodegradable” is a general term used to 
describe any substance that can be consumed by biological organisms. “Compostable” describes a 
material that will biodegrade under a specific set of circumstances. There are clear standards for 
creating compostable plastics, but manufacturers are not legally obliged to either adhere to them, or 
label the ingredients of their products, or test their impact on the environment. Despite the 
confusion, many companies have swapped to packaging they describe as biodegradable or 
compostable because they believe their customers want more sustainable packaging.  
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The idea that a material can be sustainable is a widespread misconception. Only a system of 
production, collection, and reprocessing of a material can be sustainable. Even the type and amount 
of energy used to fuel the process, the water usage, and the by-products contribute to its 
environmental footprint. This applies to compostable plastics as much as normal plastics. As we have 
shown in Section 4, although the bio-sources of compostable plastics make this class of material 
more sustainable, the fact that there is no UK-wide system of collection is problematic. Most 
compostable plastics end up in landfill or are burnt. Some people put compostable plastics in their 
food waste collection, but this is a contaminant and increases the costs of current anaerobic digester 
systems. Anaerobic digesters are not optimised to take biodegradable plastics, which are instead 
removed and sent to landfill or burnt. If they end up in the environment, especially in rivers or the 
sea, they are likely to be there for many years.  
 
The economics of creating a sustainable biodegradable plastics packaging system should not be 
ignored when considering the future of packaging. At present, companies can become profitable by 
making these plastics from agricultural waste products, but this does not include the costs of a UK-
wide system of collection and the running costs of industrial composting plants. Such a system 
would need a method of reliably sorting and separating biodegradable plastics from other plastics, 
as well as from food waste. This does not currently exist and would need further research and 
development to be implemented.  
 
The current instructions for recycling are already complicated and depend on your location within 
the UK; many people feel unable to understand them. In terms of behaviour change, it is vital that 
we simplify the actions required of people; introducing biodegradable plastics does the opposite. 
Even if there did exist a UK-wide collection and processing system, it would still rely on individuals to 
do the right thing. This would require much better labelling and a concerted public campaign.  
 
With all these issues in mind, it is worth asking the question: What problem do biodegradable 
plastics solve? The bio-source of their carbon moves the packaging sector away from petrochemicals 
and towards a more sustainable future. 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 in the UK. Biodegradables are useful for some product types that are not suited to recycling 
due to contamination such as nappies, wipes, and feminine hygiene products. These products 
typically end up in landfill and, if the use of biodegradables were to divert them into a circular 
system of composting, then this would be a better outcome. However, such a system would require 
a large infrastructure to support it and a reformed system of PRN to make it economically feasible.  
 
8. Conclusions about the current system 
 

- Biodegradable and compostable plastics are a small but growing part of the plastic packaging 
system.  

- Biodegradable plastics are currently unregulated, and there is widespread confusion about 
what they are and how to dispose of them. 

- LCA analysis shows that the current system, with no dedicated UK-wide collection and 
processing facilities for biodegradable plastics, is not environmentally favourable. 

- Biodegradable plastics are a growing contaminant in the plastics recycling and food waste 
collection systems. 

- There is currently no working technical solution to the automatic separation, and sorting of 
biodegradable plastics. 

- There is a growing moral hazard that the confusion around biodegradable products may lead 
to increase littering. 
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9. Recommendations  
 
Biodegradable plastics could be part of a sustainable UK packaging system, but only with strong 
government intervention and the development of technical solutions and financial incentives to 
make them part of a biodegradable plastic circular economy. This would require: 
 

- Regulation, testing, and labelling of biodegradable plastics. 
- A new automated method of sorting biodegradable plastics from non-biodegradable plastics. 
- A UK-wide system of industrial composters for biodegradable plastics. 
- A UK-wide system of collection for biodegradable plastics. 
- A set of PRN taxes that give biodegradable plastics value as they travel through the biomass 

circular economy. 
- A public campaign that makes clear how to dispose of biodegradable plastics. 

 
 
Acknowledgements 
 
This work was funded by the EPSRC and UKRI under grant EP/S024883/1 and carried out at the UCL 
Plastic Waste Innovation Hub. The analysis of biodegradable standards, processing and labelling 
systems was carried out by Leona Leipold, Dragana Dobrijevic, John Ward and Helen Hailes. The LCA 
analysis was carried out by Charnett Chau, Nancy Lu, Lewis Hall and Paola Lettieri along with the 
case studies of tree shelters and feminine hygiene pads. Teresa Domenech Aparsi provided MFA 
insight. The biodegradable plastics systems analysis was carried out by Mark Miodownik and 
Danielle Purkiss with the case study of Take-Away meals and drinks. The Behaviour Change Analysis 
was carried out by Susan Michie. The Circular Economy Analysis was carried out by Francesca Medda 
and Candace Partridge. The diagrams were drawn by Ruby Wright. The whole team contributed to 
the writing of the report, the Conclusions and the Recommendations. The report was edited and 
compiled by Kimberley Chandler and Mark Miodownik.  
 
 
 

 
  



19 
 

 19 

 
References  
 
 
Abraham, C., Kelly, M.P., West, R., and Michie, S. (2009) ‘The UK National Institute for Health and 
Clinical Excellence public health guidance on behaviour change: A brief introduction’, Psychology, 
Health & Medicine, Vol. 14, No. 1, pp. 1-8 [Online]. DOI: 10.1080/13548500802537903 (Accessed 10 
October 2019). 

 
Alaerts, L., Augustinus, M., and Van Acker, K. (2018) ‘Impact of Bio-Based Plastics on Current 
Recycling of Plastics,’ Sustainability, Vol. 10, No. 5, p. 1487 [Online]. DOI: 10.3390/su10051487 
(Accessed 10 October 2019). 
 
Al-Salem, S.M., Sultan, H.H., Karam, H.J., and Al-Dhafeeri, A.T. (2019) ‘Determination of 
biodegradation rate of commercial oxo-biodegradable polyethylene film products using ASTM D 
5988’, Journal of Polymer Research, Vol. 26, No. 7, p. 157 [Online]. DOI: 10.1007/s10965-019-1822-5 
(Accessed 10 October 2019). 
 
Association for Organics Recycling (2011) Concise guide to Compostable Products and Packaging: UK 
Local Authority Guidance [Online]. Available at www.organics-
recycling.org.uk/uploads/article1983/Concise%20guide%20to%20Compostable%20Products
%20and%20Packaging.pdf (Accessed 10 September 2019). 
 
Bátori, V., Åkesson, D., Zamani, A., Taherzadeh, M.J., and Horváth, I.S. (2018) ‘Anaerobic degradation 
of bioplastics: A review,’ Waste Management, Vol. 80, pp. 406-413 [Online]. DOI: 
10.1016/j.wasman.2018.09.040 (Accessed 10 October 2019). 
 
Bohlmann, G.M. (2004) ‘Biodegradable packaging life-cycle assessment,’ Environmental Progress, 
Vol. 23, Issue 4, pp. 342-346 [Online]. DOI: 10.1002/ep.10053 (Accessed 10 October 2019). 
 
British Plastics Foundation (2019) Packaging waste directive and standards for compostability 
[Online]. Available at www.bpf.co.uk//topics/Standards_for_compostability.aspx (Accessed 10 
September 2019). 
 
British Standards Institution (2018) PAS 100:2018 Specification for composted materials [Online]. 
Available at www.standardsdevelopment.bsigroup.com/projects/9017-01020 (Accessed 10 
October 2019). 
 
Chaffee, C. and Yaros, B.R. (2007) Life Cycle Assessment for Three Types of Grocery Bags - Recyclable 
Plastic; Compostable, Biodegradable Plastic; and Recycled, Recyclable Paper [Online]. Available at 
www.plastics.americanchemistry.com/Life-Cycle-Assessment-for-Three-Types-of-Grocery-Bags.pdf 
(Accessed 25 March 25 2019). 
 
Castelan, G. (2018) How LCA can help reducing plastics marine litter a knowledgeable and efficient 
way: managing is measuring [Online]. Available at 
www.plasticseurope.org/application/files/4215/4877/3627/LCA_and_Marine_Litter_-
_PlasticsEurope_-_SETAC_VIENNA_2018.pdf (Accessed 25 March 2019). 
 
Chau, C., Lu, N., Hall, L. and Lettieri, P. Life cycle assessments comparing replacing petroleum-based 
plastics with biodegradable plastics in two products: tree shelters & feminine hygiene pads (In 
preparation.) 



20 
 

 20 

 
Department for Environment Food & Rural Affairs (2019) Consultation on reforming the UK 
packaging producer responsibility system [Online]. Available at 
www.consult.defra.gov.uk/environmental-quality/consultation-on-reforming-the-uk-packaging-
produce/ (Accessed 10 October 2019). 
 
Dilkes-Hoffman, L.S., Pratt, S., Lant, P.A., and Laycock, B. (2019) ‘The Role of Biodegradable Plastic in 
Solving Plastic Solid Waste Accumulation’, Plastics to Energy, pp. 469-505 [Online]. DOI: 
10.1016/B978-0-12-813140-4.00019-4 (Accessed 10 October 2019). 
 
Edwards, C. and Parker, G. (2012) A Life Cycle Assessment of Oxo-Biodegradable, Compostable and 
Conventional Bags [Online]. Available at www.biodeg.org/New%20LCA%20by%20Intertek%20%20-
%20Final%20Report%2015.5.12(1)%20(1).pdf (Accessed 12 August 2019). 
 
Ellen MacArthur Foundation (2016) The New Plastics Economy: Rethinking the future of plastics 
[Online]. Available at www.ellenmacarthurfoundation.org/publications/the-new-plastics-
economy-rethinking-the-future-of-plastics (Accessed 10 October 2019). 
 
European Bioplastics (2009) Industrial Composting [Online]. Available at www.docs.european-
bioplastics.org/2016/publications/fs/EUBP_fs_industrial_composting.pdf (Accessed 10 September 
2019). 
 
European Bioplastics (2016) Bioplastics – Industry standards & labels [Online]. Available at 
www.docs.european-bioplastics.org/2016/publications/fs/EUBP_fs_standards.pdf (Accessed 
10 September 2019). 
 
European Bioplastics (2018) Bioplastics – Bioplastics Market Data [Online]. Available at 
www.european-bioplastics.org/wp-content/uploads/2016/02/Report_Bioplastics-Market-
Data_2018.pdf (Accessed 11 October 2019). 
 
Funabashi, M., Ninomiya, F., and Kunioka, M. (2009) ‘Biodegradability Evaluation of Polymers by ISO 
14855-2,’ International Journal of Molecular Sciences, Vol. 10, No. 8, pp. 3635-3654 [Online]. DOI: 
10.3390/ijms10083635 (Accessed 10 October 2019). 
 
Garraín, D., Vidal, R., Martínez, P., Franco, V., and Cebrián-Tarrasón, D. (2007) LCA of Biodegradable 
Multilayer Film from Biopolymers [Online]. Available at www.lcm2007.org/paper/169.pdf (Accessed 
17 July 2019). 
 
Green, D.S., Boots, B., Sigwart, J., Jiang, S., and Rocha, C. (2016) ‘Effects of conventional and 
biodegradable microplastics on a marine ecosystem engineer (Arenicola marina) and sediment 
nutrient cycling’, Environmental Pollution, Vol. 208, Part B, pp. 426-434 [Online]. DOI: 
10.1016/J.ENVPOL.2015.10.010 (Accessed 10 October 2019). 
 
Guzzetti, E., Sureda, A., Tejada, S., and Faggio, C. (2018) ‘Microplastic in marine organism: 
Environmental and toxicological effects’, Environmental Toxicology and Pharmacology, Vol. 64, pp. 
164-171 [Online]. DOI: 10.1016/J.ETAP.2018.10.009 (Accessed 10 October 2019). 
 
Haider, T.P., Völker, C., Kramm, J., Landfester, K., and Wurm, F.R. (2019) ‘Plastics of the Future? The 
Impact of Biodegradable Polymers on the Environment and on Society’, Angewandte Chemie, Vol. 
58, Issue 1, pp. 50-62 [Online]. DOI: 10.1002/anie.201805766 (Accessed 10 October 2019). 
 



21 
 

 21 

Harding, K.G., Dennis, J.S., von Blottnitz, H., and Harrison, S.T.L. (2007) ‘Environmental analysis of 
plastic production processes: Comparing petroleum-based polypropylene and polyethylene with 
biologically-based poly-β-hydroxybutyric acid using life cycle analysis,’ Journal of Biotechnology, Vol. 
130, Issue 1, pp. 57-66 [Online]. DOI: 10.1016/j.jbiotec.2007.02.012 (Accessed 10 October 2019). 
 
Heidbreder, L.M., Bablok, I., Drews, S., and Menzel, C. (2019) ‘Tackling the plastic problem: A review 
on perceptions, behaviors, and interventions’, Science of the Total Environment, Vol. 668, pp. 1077-
1093 [Online]. DOI: 10.1016/j.scitotenv.2019.02.437. 
 
Hermann, B.G., Debeer, L., De Wilde, B., Blok, K., and Patel, M.K. (2011) ‘To compost or not to 
compost: Carbon and energy footprints of biodegradable materials’ waste treatment’, Polymer 
Degradation and Stability, Vol. 96, Issue 6, pp. 1159-1171 [Online]. DOI: 
10.1016/J.POLYMDEGRADSTAB.2010.12.026 (Accessed 10 October 2019). 
 
Hottle, T.A., Bilec, M.M., and Landis, A.E. (2013) ‘Sustainability assessments of bio-based polymers,’ 
Polymer Degradation and Stability, Vol. 98, Issue 9, pp. 1898-1907 [Online]. DOI: 
10.1016/j.polymdegradstab.2013.06.016 (Accessed 10 October 2019). 
 
James, K. and Grant, T. (2005) LCA of Degradable Plastic Bags [Online]. Available at 
www.citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.522.7858&rep=rep1&type=pdf (Accessed 
17 July 2019). 
 
Kjeldsen, A., Price, M., Lilley, C., and Guzniczak, E. (n.d.)  
A Review of Standards for Biodegradable Plastics [Online]. Available at 
www.assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/
817684/review-standards-for-biodegradable-plastics-IBioIC.pdf (Accessed 10 October 2019). 
 
Koch, D. and Mihalyi, B. (2018) ‘Assessing the Change in Environmental Impact Categories when 
Replacing Conventional Plastic with Bioplastic in Chosen Application Fields,’ Chemical Engineering 
Transactions, Vol. 70, pp. 853-858 [Online]. DOI: 10.3303/CET1870143 (Accessed 10 October 2019). 
 
Lambert, S. and Wagner, M. (2017) ‘Environmental performance of bio-based and biodegradable 
plastics: the road ahead’, Chemical Society Reviews, Vol. 46, Issue 22, pp. 6855-6871 [Online]. DOI: 
10.1039/C7CS00149E (Accessed 10 October 2019). 
 
Martínez, P., Garraín, D., and Vidal, R. (2007) ‘LCA of biocomposites versus conventional products’, 
LCM 2007. Zurich, 2007 [Online]. Available at 
www.researchgate.net/publication/228463769_LCA_of_biocomposites_versus_conventional_produ
cts/file/72e7e5166fc2d46b18.pdf (Accessed 27 March 2019). 
 
Napper, IE and Thompson, RC. (2019) Environmental Deterioration of Biodegradable, Oxo-
biodegradable, Compostable, and Conventional Plastic Carrier Bags in the Sea, Soil, and Open-Air 
Over a 3-Year Period’ ENVIRONMENTAL SCIENCE & TECHNOLOGY, Vol. 53, Issue: 9, Pages: 4775-478. 
DOI: 10.1021/acs.est.8b06984  
 
Narodoslawsky, M., Shazad, K., Kollmann, R., and Schnitzer, H. (2015) ‘LCA of PHA Production – 
Identifying the Ecological Potential of Bio-Plastic,’ Chemical and Biochemical Engineering Quarterly, 
Vol. 29, No. 2, pp. 299-305 [Online]. DOI: 10.15255/CABEQ.2014.2262 (Accessed 10 October 2019). 
 
Pagliano, G., Ventorino, V., Panico, A., and Pepe, O. (2017) ‘Integrated systems for biopolymers and 
bioenergy production from organic waste and by-products: a review of microbial processes,’ 



22 
 

 22 

Biotechnology for Biofuels, Vol. 10, No. 1, p. 113 [Online]. DOI: 10.1186/s13068-017-0802-4 
(Accessed 10 October 2019). 
 
Partridge, C. and Medda, F. (2019) ‘Opportunities for chemical recycling to benefit from waste policy 
changes in the United Kingdom’, Resources, Conservation & Recycling, Vol. 3 [Online]. DOI: 
10.1016/j.rcrx.2019.100011 (Accessed 10 October 2019.) 
 
Plastic Waste Innovation Hub (2019) [Online]. Available at www.plasticwastehub.org.uk (Accessed 
11 October 2019). 
 
Razza, F., Degli Innocenti, F., Dobon, A., Aliaga, C., Sanchez, C., and Hortal, M. (2015) ‘Environmental 
profile of a bio-based and biodegradable foamed packaging prototype in comparison with the 
current benchmark,’ Journal of Cleaner Production, Vol. 102, pp. 493-500 [Online]. DOI: 
10.1016/J.JCLEPRO.2015.04.033 (Accessed 10 October 2019). 
 
Razza, F., Fieschi, M., Degli Innocenti, F., and Bastioli, C. (2009) ‘Compostable cutlery and waste 
management: An LCA approach,’ Waste Management, Vol. 29, Issue 4, pp. 1424-1433 [Online]. DOI: 
10.1016/J.WASMAN.2008.08.021 (Accessed 10 October 2019). 
 
Ruggero, F., Gori, R., and Lubello, C. (2019) ‘Methodologies to assess biodegradation of bioplastics 
during aerobic composting and anaerobic digestion: A review,’ Waste Management & Research, Vol. 
37, Issue 10, pp. 959-975 [Online]. DOI: 10.1177/0734242X19854127 (Accessed 10 October 2019). 
 
Rujnić-Sokele, M. and Pilipović, A. (2017) ‘Challenges and opportunities of biodegradable plastics: A 
mini review,’ Waste Management & Research, Vol. 35, Issue 2, pp. 132-140 [Online]. DOI: 
10.1177/0734242X16683272 (Accessed 10 October 2019). 
 
Samper, M.D., Bertomeu, D., Arrieta, M.P., Ferri, J.M., and López-Martínez (2018) ‘Interference of 
Biodegradable Plastics in the Polypropylene Recycling Process,’ Materials, Vol. 11, No. 10, p. 1886 
[Online]. DOI: 10.3390/ma11101886 (Accessed 10 October 2019). 
 
Siracusa V. (2019) ‘Microbial Degradation of Synthetic Biopolymers Waste,’ Polymers (Basel), Vol. 11, 
No. 6, p. 1066 [Online]. DOI: 10.3390/polym11061066 (Accessed 10 October 2019). 
 
Song, J.H., Murphy, R.J., Narayan, R., and Davies, G.B.H. (2009) ‘Biodegradable and compostable 
alternatives to conventional plastics,’ Philosophical Transactions of the Royal Society B: Biological 
Sciences, Vol. 364, Issue 1526, pp. 2127-2139 [Online]. DOI: 10.1098/rstb.2008.0289 (Accessed 10 
October 2019). 
 
Thomas, N., Clarke, J., McLauchlin, A., and Stuart, P. (2010) EV0422: Assessing the Environmental 
Impacts of Oxo-degradable Plastics Across Their Life Cycle [Online]. Available at 
http://sciencesearch.defra.gov.uk/Default.aspx?Menu=Menu&Module=More&Location=None&Com
pleted=0&ProjectID=16263 (Accessed 10 October 2019). 
 
Vert, M., Doi, Y., Hellwich, K-H., Hess, M., Hodge, P., Kubisa, P., Rinaudo, M., and Schué, F. (2012) 
‘Terminology for biorelated polymers and applications (IUPAC Recommendations 2012),’ Pure and 
Applied Chemistry, Vol. 84, No. 2, pp. 377-410 [Online]. DOI: 10.1351/PAC-REC-10-12-04 (Accessed 
10 October 2019). 
 



23 
 

 23 

Weng, Y-X., Wang, L., Zhang, M., Wang, X-L., Wang, Y-Z. (2013) ‘Biodegradation behavior of 
P(3HB,4HB)/PLA blends in real soil environments’, Polymer Testing, Vol. 32, Issue 1, pp. 60-70 
[Online]. DOI: 10.1016/J.POLYMERTESTING.2012.09.014 (Accessed 10 October 2019). 
 
Woods, J.S., Rødder, G., and Verones, F. (2019) ‘An effect factor approach for quantifying the 
entanglement impact on marine species of macroplastic debris within life cycle impact assessment’, 
Ecological Indicators, Vol. 99, pp. 61-66 [Online]. DOI: 10.1016/j.ecolind.2018.12.018 (Accessed 10 
October 2019). 
 
WRAP (2012) Eliminating Problem Plastics [Online]. Available at www.wrap.org.uk/content/the-uk-
plastics-pact (Accessed 10 October 2019). 
 
WRAP (2016) Anaerobic digestion – the process [Online]. Available at 
www.wrap.org.uk/collections-and-reprocessing/organics/anaerboic-digestion/guidance/ad-
the-process (Accessed 10 September 2019). 
 
WRAP (2018) The UK Plastics Pact [Online]. Available at http://www.wrap.org.uk/content/the-uk-
plastics-pact (Accessed 11 October 2019). 
 
WRAP (2019) Comparing the costs of waste treatment options in the UK [Online]. Available at 
http://www.wrap.org.uk/gatefees2019 (Accessed 10 October 2019). 
 
Yates, M.R. and Barlow, C.Y. (2013) ‘Life cycle assessments of biodegradable, commercial 
biopolymers—A critical review,’ Resources, Conservation & Recycling, Vol. 78, pp. 54-66 [Online]. 
DOI: 10.1016/J.RESCONREC.2013.06.010 (Accessed 10 October 2019). 
 
Zimmermann, L., Dierkes, G., Ternes, T.A., Völker, C., and Wagner, M. (2019) ‘Benchmarking the in 
Vitro Toxicity and Chemical Composition of Plastic Consumer Product’, Environmental Science 
Technology, Vol. 53, Issue 19, pp. 11467-11477 [Online]. DOI:  10.1021/acs.est.9b02293 (Accessed 
10 October 2019). 
 
 
 
 
 
 
 
 
 
 
 


