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Abstract
Extended producer responsibility (EPR) initiatives have shown success in enhancing the independent collection of plastic 
waste, but the existing recycling industry framework poses challenges to achieving optimal recyclability levels. For address-
ing this issue, various legislative strategies, including non-profit EPR, door-to-door collection systems, and deposit refund 
schemes (DRS), have been implemented in some countries such as the UK and Germany. As plastic waste management 
responsibility is shared between consumers and producers in Europe, with consumers generating 40% of plastic waste and 
producers being responsible for the remaining 60%, this review examines the impact of EPR and DRS programs on consumer 
and producer behaviors. The article also explores the potential for circularity and sustainability of recycling technologies, 
including their challenges and limitations. The significance of this study lies in its examination of the impact of EPR and DRS 
programs on consumer and producer behaviors, providing insight into sustainable practices that promote waste minimization 
and foster the adoption of recycling methods. Ultimately, the review recommends quick action in four crucial areas, including 
standardization, infrastructure investment, partnership models, and the production of higher-value recycled materials, all of 
which require supply chain collaboration.
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Introduction

The generation of solid waste, encompassing plastic, 
aluminum, and glass is becoming increasingly prevalent 
in modern society and is rapidly becoming a ubiquitous 
aspect of daily life (Deus et al. 2020). The proliferation of 
plastic waste, with its numerous applications and forms, 
constitutes a global crisis with far-reaching implications 
(Andeobu et al. 2022). Studies have shown that there are 
more than 5 trillion pieces of plastic waste in the world’s 

oceans, causing harm to marine wildlife and disrupting 
delicate ocean ecosystems. Moreover, it is estimated that 
by 2050, plastic in the ocean will outweigh fish (Brindha 
et al. 2021; Ramasubramanian et al. 2022c). In order to 
rapidly achieve a circular economy within the framework 
of the waste management hierarchy, extended producer 
responsibility (EPR) is regarded as an effective means of 
mitigating the negative environmental impacts associated 
with post-consumer waste by promoting reduced packag-
ing usage and the development of more reusable packaging 
options (Lorang et al. 2022) (Pandey et al. 2022; Subbaiyan 
et al. 2022; Ragupathy et al. 2022). Approximately 400 
EPR systems are operating worldwide, most of which are 
located in European union (EU) member states wherein 
trash regulation offers general rules for their use. Not-
withstanding EU rules, the national EPR program and its 
effectiveness in attaining set reuse and recycling objectives 
fluctuate between countries but have similar agendas (Deus 
et al. 2020; Pandey et al. 2022).

At the UN Environmental Summit, the UK contributed 
to the start of discussions for an enforceable convention 
against plastic pollution, i.e., the deposit refund scheme 
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(DRS) (Snowdon 2019). The UK has joined forces with 
international partners to advance discussions towards the 
creation of a new legally binding treaty aimed at address-
ing plastic pollution, as the fifth session of the United 
Nations Environment Assembly (UNEA-5) in Nairobi 
gathers global attention (Lorang et al. 2022). The enhance-
ment of waste minimization, recovery, and recycling has 
been aided by the initiatives of EPR in Europe. The ~26 
million tonnes of post-consumer plastic garbage pro-
duced in 2015 were recycled 30% of the time, and 40% 
were burned with electricity extraction (Oke et al. 2020; 
Ramasubramanian et al. 2022a). As an example, in other 
countries, Germany has already implemented the dual-role 
plastic management scheme. It has organized countrywide 
gathering, categorizing, and recycling of old packag-
ing according to network cooperation and to record the 
achievement of the sustainable objectives in line with the 
legislation in favor of business and commerce (Snowdon 
2019; Oke et al. 2020).

Thus, this review compares the existing and upcom-
ing plans in Germany and the UK, promoting the aware-
ness and visibility to follow similar traits in other coun-
tries ([CSL STYLE ERROR: reference with no printed 
form.]; Burgess et al. 2021). The current policies, the 
producer and consumer responsibilities, shortcomings 
of the schemes, the recycling process, and technologies 
with future improvement rubrics have been covered in 
this review (Fig. 1).

Rethinking Plastic: Case Studies on Waste 
Management in UK and Germany

Case Studies of Plastic Recycling in UK

Polymers and composites are highly customizable to meet 
specific application needs and can be cost-effectively pro-
duced (Burgess et al. 2021). As a result, in the UK alone, 
millions of tons of plastic were sold in 2017, with packag-
ing being the largest contributor at 1.5 million tons (49%) 
in households and buildings ([CSL STYLE ERROR: refer-
ence with no printed form.]; Burgess et al. 2021). However, 
only 4% of plastic films are recovered, and the collection 
rate for solid plastics, such as drink and detergent bottles 
and grocery store trays, is only slightly better at 54%. This 
low collection rate can be attributed to factors such as on-
the-go disposal and the lack of success in household col-
lection programs, which are critical to increasing recycled 
tonnages as they represent a significant portion of uncol-
lected waste (Snowdon 2019; Burgess et al. 2021).

In response to these challenges, the four constituent 
governments of the UK conducted joint consultations in 
2019–2020 on waste management, including waste collec-
tion methods, consumer taxation, extended producer respon-
sibility (EPR) policies, and the drink bottle deposit return 
scheme (DRS). Scotland has committed to implementing a 
DRS in 2022, while Wales has already implemented a charge 
for carrier bags and aims to become a circular economy with 
100% recycling and zero waste by 2050. The Welsh Govern-
ment established legally binding recycling targets for local 
authorities, resulting in a remarkable boost in household 
recycling from 5.2% (1998–99) to a world-leading 60.7% 
(2018–19), with the recycling rates of municipal waste also 
significantly rising from 4.8 to 62.8% over the same time 
frame (Burgess et al. 2021). Various corporate governance 
approaches make it challenging to create a single UK-wide 
waste management system that considers customer engage-
ment, retail and garbage company strategies, and the wide-
spread usage of identical plastics throughout the nation. To 
address this, starting in 2023, UK-based businesses han-
dling packaging must report waste data, with EPR charges 
for producers taking effect in 2024 and recyclability-based 
packaging taxes in 2025. The packaging waste recycling 
note (PRN) is used to identify and classify different types 
of plastic resins, typically used in packaging materials. The 
PRN system uses a numbering system from 1 to 7 to desig-
nate different types of plastic resins based on their chemical 
composition and properties. This information helps with the 
proper disposal and recycling of plastic materials. This PRN 
system will continue to track recycling for both household 
and non-household packaging, and starting in April 2024, 
fees for household packaging waste and street bin packaging 

Fig. 1  Overview of the review includes six key recommendations 
for effective EPR and DRS, namely correct resource usage, efficient 
waste collection, collecting segregated trash, producer stewardship, 
consumer responsibility, and new government initiatives
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will be set, with fees adjusted based on recovery and recy-
cling rates starting in 2025 (Campbell-Johnston et al. 2020) 
(Richter and Koppejan 2016). The UK government plans 
to establish a list of recyclable goods by 2023 to achieve 
uniformity in the collection, with hopes that Wales and 
Scotland will follow suit to prevent uncertainty across bor-
ders (Kalimo et al. 2015). The main obstacle to bin color 
standardization is cost, but the UK government proposes a 
£200/ton Plastic Packaging Tax starting in April 2022 for 
any packaging containing less than 30% recycled material 
(Kalimo et al. 2015) (Gupt and Sahay 2015). The govern-
ment is also investigating DRS for both glass and plastic 
drink bottles, requiring a £0.20 refundable fee for each bottle 
sold, to be implemented in phases, starting with Scotland. 
However, issues such as shops setting up collection facilities 
and the possibility of deception need to be addressed (Gupt 
and Sahay 2015).

Case Studies of Plastic Recycling in Germany

Over the past 2 decades, Germany’s population has experi-
enced only a slight increase, but waste plastic production has 
more than doubled, resulting in a twofold increase in waste 
production per capita. The growing concern about the envi-
ronmental impact of packaging and secure waste disposal 
led the European Commission to establish the Packaging 
and Packaging Waste Directive 94/62/EC in 1994 (Ghar-
falkar et al. 2015). In line with the polluter pays principle 
(PPP), many nations within the OECD (a global platform 
where leaders of 37 democracies with business economic 
systems collaborate to establish standards for public policy 
to promote long-term economic growth) are taking meas-
ures to promote energy (Ramasubramanian et al. 2021; 
Kowal et al. 2022) and resource conservation, reduce efflu-
ent discharge, and minimize waste intended for end-of-life 
(Gharfalkar et al. 2015). To achieve these goals, an extended 
producer responsibility (EPR) strategy aims to hold corpora-
tions accountable for actions that reduce ecological impacts 
from the use and disposal of their products while promot-
ing the consumption of recovered resources and recycling 
(Gharfalkar et al. 2015) (Pani and Pathak 2021). However, 
managing solid waste in the supply chain segment of pack-
aging presents specific challenges when implementing an 
EPR strategy because packaging waste is often discarded 
in large quantities from various sources shortly after manu-
facturing and is intrinsically contaminated. In 1991, Ger-
many became the first country to establish legally binding 
requirements for the recovery and recycling of retail packag-
ing under the packaging ordinance, which came into effect 
on June 12, 1991, as part of the German Waste Act (Peng 
et al. 2018). The primary objective of the ordinance is to 
ensure that manufacturers and sellers return a fixed percent-
age of packaging materials each year and recycle them in 

accordance with the guidelines outlined in the legislation. 
The German corporate industry has taken responsibility 
for waste prevention and reduction by agreeing to recycle 
and collect materials, including plastic packaging, glass, 
and metals, among others (Zhao et al. 2021). In Germany, 
the present state of waste management is divided into three 
categories: “return and collection,” “wastewater treatment,” 
and “stop wasting disposal.” Municipalities are required to 
separate their collection and recovery of hazardous electri-
cal waste, end-of-life vehicles, and batteries (Kumar et al. 
2019; Ramasubramanian et al. 2022b; Rajagopalan et al. 
2022), while municipal garbage includes home waste and 
specific recyclable items such as sewage sludge, packag-
ing, glassware, papers, and large items. In Germany, “urban 
waste” refers to household garbage generated by businesses, 
industries, and residences (Rubio et al. 2019; Ribeiro and 
Kruglianskas 2020; Cai and Choi 2021).

In Germany, waste management is regulated by a hierar-
chy of strategies that prioritize different methods of handling 
solid waste. The first step is to reduce waste by minimizing 
production through communication between the waste pro-
ducer, manufacturer, and consumer. Reusing products is the 
next practical step, which typically requires less energy than 
recycling. Recycling is a crucial approach to dealing with 
solid waste, and it aims to keep products out of landfills by 
reusing waste resources (Gharfalkar et al. 2015). Various 
methods like separation, mechanical, and thermal treatments 
are employed in recycling. The next step is recovery, which 
includes microbial degradation, incineration, energy recov-
ery, and other energy-producing techniques. The final step 
is disposal, which involves getting rid of something without 
trying to recover energy and is typically achieved through 
incineration or landfilling (Dornack 2018).

The implementation of pre-established disposal expenses 
and return-recycling rules can encourage manufacturers to 
use less plastic packaging in their products. The Producer 
Responsibility Organization (PRO) is crucial in raising 
awareness and promoting responsible management of dis-
carded plastic among manufacturers and consumers (Gu 
et al. 2018). However, the goal of achieving 50% recycling 
of polyethylene waste in the European Union by 2025 is 
greatly hindered by the limited processing facilities of 6.0 
metric tonnes. The transition to a circular plastic economy 
in the EU has been delayed because the recycling capacity of 
the European Union accounts for only about 23% of the total 
post-consumer plastic waste generated (Gu et al. 2018; Alev 
et al. 2019). To achieve the recycling objectives, recycling 
capacity must continue to grow rapidly, with an increase 
of 3 metric tonnes from 2018 to 2020 (Lorang et al. 2022). 
Germany has been utilizing Deposit Return Systems (DRS) 
since 2003, which was previously only used for PET and 
had a throughput of 98%. DRS programs have the potential 
to reduce pollution and increase recycling rates, but their 
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implementation is fraught with challenges due to high opera-
tional costs and the need for a complex framework (Esen-
duran et al. 2019; Andreasi Bassi et al. 2020).

Yellow containers in Germany are used to collect munici-
pal waste with plastic packaging, while pre-sorted plastic 
waste goes to material recovery facilities. Recyclable waste 
is incinerated to recover energy, and there is an effective 
producer responsibility (Peng et al. 2018). Germany has the 
highest rate of recycling based on the processed plastic waste 
in yellow containers. However, recycling is not always as 
effective as energy recovery treatment for plastic packaging 
waste, as it is intertwined with the latter. The German pack-
aging regulation mandates extended producer accountabil-
ity and the suggestion of product take-back, with suppliers 
allowing customers to return packaging, and vendors respon-
sible for recycling and disposal costs (Kunz et al. 2018; Peng 
et al. 2018; Ribeiro and Kruglianskas 2020). This approach 
is effective in reducing waste and encouraging innovation 
in environmentally friendly packaging design, replenishing, 
and recycling. The main drawback is that plastic waste pack-
aging is difficult to export due to a lack of a marketplace for 
recycled goods. The recycling potency of the ordinance’s 
energy recovery provision is lower in Germany when pro-
ducers prefer to use biomass resources rather than recy-
cled plastics as a source (Gharfalkar et al. 2015). In recent 
years, Germany has reduced the amount of plastic waste it 
exports. In 2021, only 766,200 tonnes of plastic litter were 
shipped from Germany, which represents a 25.2% decrease 
compared to the previous year when the Federal Statistical 
Office reported over a million tonnes being exported. This 
trend also indicates that plastic waste recycling rates have 
increased by almost 70% over a decade, as shown in Fig. 2 
(Nakajima and Vanderburg 2016; Favot et al. 2022; di Fog-
gia and Beccarello 2022; Compagnoni 2022).

On June 12th, 1991, the packaging regulations under the 
German Waste Act came into effect, and it was later revised 
in September 1994 as part of the “End up wasting Reduc-
tion, Recovery, and Management Act of 1986,” making Ger-
many the first country to establish recycling and recovery 
standards for sales packaging (Dornack 2018; Chaudhary 
and Vrat 2018). By law, manufacturers are required to recy-
cle a specified amount of packaging materials, with these 
quotas increasing annually. According to the OECD, several 
factors converged in 1998 to make the enactment of this 
regulation an inevitable outcome of Germany’s waste man-
agement policy and continued environmental discussions 
(Redlingshöfer et al. 2020).

The following are some of these forces:
The Waste Management, Recycling, and Disposal Act 

established the hierarchy of avoidance, reuse, and recycling. 
The polluter-paying principle was generally accepted by the 
public, who often found the manufacturer of the packaging 
material as the source of the problem as opposed to business 

consumers (Nakajima and Vanderburg 2016). Citizens were 
already in the habit of sorting waste for composting and 
recycling, and there were established systems for compost-
ing, glass recycling, and paper recycling. There were sig-
nificant public concerns about the reduction of waste sent to 
landfills and municipal waste. Public opposition to incinera-
tion was growing, making the problems outlined above even 
more pressing. Packaging made up 50% of the total amount 
of municipal waste collected, which was considered a press-
ing issue to minimize the generation and, in turn, reduce its 
harmful effects (Nakajima and Vanderburg 2016).

Another efficient initiative of Europe is the green dot. The 
Green Dot system covers all types of packaging, including 
paper, cardboard, glass, plastic, and metal. In order to 
participate in the Green Dot system, producers must become 
members of a dual system organization (DSO), which is 
responsible for collecting and managing the funds generated 
by the Green Dot system (da Cruz et al. 2014). The system 
is run by a non-profit organization called Duales System 
Deutschland (DSD). There are currently over 60 DSOs 
operating in Germany, and they represent over 90% of all 
producers. The Green Dot system funds are used to finance 
the recycling of packaging waste and to support public 
authorities in their efforts to reduce and manage packaging 
waste (Hahladakis et  al. 2018). The Green Dot system 
has been highly successful in promoting the recycling of 
packaging waste in Germany. In 2019, over 94% of all 
packaging placed on the German market was collected for 
recycling, and over 71% of this packaging was recycled. The 
Green Dot system has also been instrumental in reducing 
the amount of packaging waste generated in Germany. 
In 2019, the per capita generation of packaging waste in 
Germany was 47 kilograms (da Cruz et al. 2014), compared 

Fig. 2  Plastic packaging recycling rates from 2000 to 2020 for Ger-
many (with data adapted from, Statista, CC License)
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to an average of 63 kilograms in the EU as a whole, which 
has been embraced by more than 130,000 companies in 23 
European nations, has been hailed as a leading strategy in 
Europe with impressive outcomes. Currently, the Green Dot 
label is found on over 460 billion packages (da Cruz et al. 
2014; Hahladakis et al. 2018; Kish 2018).

Producer and Consumer Behavior 
and Economic Impact

The Environment Act 2021 (the “Act”) was approved on 
November 9, 2021, following the UK government’s prom-
ise to reach net carbon emissions by the year 2050 and 
the enthusiasm surrounding Glasgow’s hosting of COP 
26 (Cai and Choi 2021). The person who packages and 
sells items using their brand name is the brand owner. The 
organization that handled the packaging or stuffing of the 
packaging would be responsible if a brand could not be 
identified. Anyone who imports packed packaging is an 
importer (Kish 2018). Providers of services who lend or 
rent out reusable packaging. Those who create or import 
empty packaging and resell it to anybody who is not a 
required manufacturer are known as distributors. Those 
who run an online store where non-UK vendors can offer 
full or empty packaging to shoppers in the UK (Sheldon 
and Norton 2020). Sellers are individuals that provide 
filled packaging for sale to final customers. Businesses 
that put certain items on the market will be expected to 
cover all expenses related to the product under the planned 
EPR rules, which will be phased starting in 2023. Previ-
ously, the local government covered all or part of these 
expenses. The following clauses are probably included in 
the eventual regulations:

Production companies of certain goods must pay a fee, 
enroll with a regulatory scheme, and receive a registration 
document as confirmation (Gupt and Sahay 2015). Produc-
ers must also keep records of the quantities of merchandize 
in relevant EPR categories they spot on the UK market and 
inform a government-appointed regulatory scheme (Burgess 
et al. 2021). Finally, waste handling, disposal, and recy-
cling programs for a broader range of products are subject 
to increased regulation (Gupt and Sahay 2015). Measures 
for modifying the present EPR system are also included 
in the EPR recommendations outlined in the Act (Burgess 
et al. 2021).

Department of Agriculture, Rural Affairs, and Environ-
ment (UK) also set plans to declare the aim to include up to 
five current waste initiatives in the UK EPR model by the 
end of 2025, with the goal that at least one will be unveiled 
and subject to public consultation during 2022 (Snowdon 
2019; Burgess et al. 2021).

The suggested plans were to focus waste management in:

• Textiles, such as commercial and garment textiles
• Bulky garbage, such as mattresses, furniture, and carpets, 

demolition
• Construction debris
• Automobile tires and fishing equipment

Under the EU’s waste framework directive, producers of 
certain products, including those exported from Germany, 
are required to take responsibility for the end-of-life man-
agement of their products and to contribute to the cost of 
waste management. The directive sets targets for the recov-
ery and recycling of waste and requires producers to ensure 
that their products are disposed of in an environmentally 
responsible manner (Brady and Jackson 2010). In addition 
to the waste framework directive, the EU has also estab-
lished a number of specific regulations for certain product 
categories, such as electronics, batteries, and packaging. 
These regulations require producers to comply with spe-
cific obligations, including the take-back of used products 
and the financing of waste management (Gerassimidou et al. 
2022). When exporting products from the UK or Germany 
to other countries within Europe, producers must comply 
with the relevant EU regulations. This includes ensuring that 
their products are designed and manufactured in an environ-
mentally responsible manner and that they are disposed of 
in accordance with the applicable regulations (Brady and 
Jackson 2010; Gerassimidou et al. 2022).

The application of extended producer responsibility (EPR) 
regulations to products exported from the UK or Germany to 
other countries may vary depending on the importing coun-
try’s regulations and international agreements. the importing 
country may have its own EPR regulations that apply to the 
products imported from the UK or Germany. In such cases, 
the producers may be required to comply with the import-
ing country’s regulations, which may be different from 
the regulations in the UK or Germany (Brady and Jackson 
2010). Furthermore, the packaging waste export recycling 
note (PERN) system is a mechanism used to track and verify 
the export of packaging waste for recycling from the UK to 
other countries. This system was implemented as a part of 
the UK’s compliance with the European Union’s (EU) waste 
shipment regulations, which aim to prevent the dumping of 
waste in developing countries. The PERN system requires 
that any company that exports packaging waste for recycling 
from the UK must obtain a PERN from a registered compli-
ance scheme (Brady and Jackson 2010; Gerassimidou et al. 
2022). A PERN is issued for each ton of material exported 
and serves as evidence that the waste has been exported for 
recycling purposes. The PERN must be kept on file for a 
period of 2 years and made available for inspection by the 
relevant authorities. The PERN system is designed to ensure 
that all packaging waste exported for recycling is traceable, 
transparent, and fully compliant with the relevant regulations. 
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This helps to prevent the illegal export of waste and promotes 
responsible waste management practices, which are essential 
for protecting the environment and public health (Brady and 
Jackson 2010; Gerassimidou et al. 2022).

The consumer is one of the critical players in the e-waste 
issue, with consumer behavior, environmental conscious-
ness, and demand increase for energy being essential vari-
ables (Burgess et al. 2021). According to the circular econ-
omy viewpoint, consumers can follow four possible paths: 
(1) upheld usage, including exchange and repair; (2) reuse 
and redistribution; (3) remanufacture/refurbishing; and 
(4) recycling. The Green Deal of Producers and Consum-
ers becomes obvious that circular business practices and 
sustainable production and consumption choices are inter-
linked (Snowdon 2019; Burgess et al. 2021). Producers and 
consumers must adopt certain measures to speed up the 
economy’s transition (Oke et al. 2020). To advise consum-
ers on the economic effect of their expenditures, product 
lifespans, and services offered, such as repair choices, the 
European Green Deal seeks to employ a sustainability label 
(Snowdon 2019). Similar to the Ecolabel, the label has a few 
drawbacks, including the fact that it is optional and does not 
always guard against going green (Lorang et al. 2022). Nev-
ertheless, it may be viewed as a positive development as the 
available data lessens skepticism over the price-performance 
ratio (Snowdon 2019). While conducting their research, they 
focused on young customers, particularly students, and ques-
tioned their awareness, perspective, and trash disposal habits 
(Snowdon 2019; Burgess et al. 2021). The findings of this 
study indicate that even though consumers are aware of what 
electronic trash is, they need to become more familiar with 
its collection and recycling initiatives (Pandey et al. 2022). 
Additionally, these individuals demonstrate a willingness 
to discard electronic waste appropriately. Regarding these 
instances, the authors emphasize that family income should 
directly correlate with waste disposal practices (Pandey 
et al. 2022). Utilizing social media is one strategy that can 
be useful for examining customers’ behavior and society’s 
viewpoint (Lorang et al. 2022).

The Producer Responsibility Organisation (PRO) pur-
view was widened in 2003 to encompass industrial, busi-
ness, and transportation packaging waste and domestic 
packaging trash. The organization was founded in reaction 
to the Packaging and Packaging Waste Directive (PPWD), 
and the trademark “the Green Dot” is registered for packag-
ing regulated by such schemes (Lorang et al. 2022). The 
PROs increase the segregated waste collection and make 
it fiscally feasible using the levies they get. The rates that 
producers must pay vary based on how easily the plastics can 
be recycled and the type of plastic, i.e., domestic, industrial, 
or commercial. An outline of the producer responsibility 
organization’s function in the plastics value chain, including 
take-back guidelines and upfront disposal costs, is given in 
Fig. 3 (Nakajima and Vanderburg 2016; Lorang et al. 2022).

The main objective of a circular economy is to reduce 
both the consumption of natural resources and the flow of 
trash produced through human activities that are returned 
to the environment. As a result, circular economy strate-
gies concentrate on increasing the operational efficiencies 
of capitalist economies to ensure their long-term ecological 
and economic sustainability. A circular economy proposes 
maintaining resources and goods at their highest worth for 
the most extended time possible (Lorang et al. 2022). As a 
result, adopting EPR systems depends on producers and the 
government and widespread public involvement.

Challenges in Current Initiatives

The existing state of affairs is complicated, ineffective, 
decentralized, impoverished, diversified, and subject to 
many, occasionally opposing, perspectives on how to move 
ahead. Although the proposed law implies an understanding 
that tighter targets necessitate national regulation, the UK 
government has, up until now, attempted to achieve national 
goals through disorganized local organizations (Critchell et al. 
2019; Peng et al. 2019). All policy recommendations, how-
ever, focus on distinct aspects of the system with little regard 

Fig. 3  Flow chart of the role 
of a producer responsibility 
organization in the plastics 
value chain with take-back 
requirements and advanced 
disposal fees
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for how the components work together or throughout a supply 
chain. Examples include a list of products that English Local 
Officials must collect for recycling by 2023 from the sugges-
tion on collections consistency. It needs to be clarified what 
should be put in which bins or what colors the containers 
should be. Thus, there is a perpetuation of non-standardization 
and ensuing misunderstanding (Atasu 2019; Shan and Yang 
2020). The principles connected to the acquisition of proof 
portray the increased expense of recycling various packaging 
substances because it is not intended to retrieve from manu-
facturers the entire cost of gathering and maintaining waste 
production but rather to encourage a rise in the packaging 
recycling rate (Banguera et al. 2018; Leclerc and Badami 
2020). Only a tiny fraction of the money earned from selling 
PRNs has gone into supporting collecting; however, it has 
helped significantly enhance the capacity for sorting and other 
associated operations. Additionally, as previously mentioned, 
the cost of PRNs and, thus, the total amount of money col-
lected through purchasing PRNs might vary significantly from 
season to year because the existing system is market-driven 
(Atasu and Subramanian 2012).

There are issues with the PRN system’s openness and the 
producers’ ability to see how their PRN payments have been 
used. Manufacturers will donate more money to the system 
under such an EPR system (Gu et al. 2018). Therefore, all par-
ticipants must know how this money is obtained and dispersed 
and what results it produces. A future system will also require 
more reliable data and open reporting to meet higher recycling 
goals. Worry over unequal gameplay concerning the proof for 
waste disposal reused in the UK (PRNs) and that which is out-
sourced due to uncertainties surrounding the problem of recy-
clable material that is not packaging waste. Packaging that is 
of poor grade and cannot be refurbished, or on pollution from 
culinary leftovers, and that recovery that can be performed at a 
reduced cost elsewhere has been promoted (Ahlers et al. 2021).

EPR falls within the broader umbrella of the polluter-
pay principle. Because the harmful repercussions of pol-
lution result from various parties’ actions, it is difficult to 
isolate the polluter as a single actor. However, the EPR 
should be viewed as a strict responsibility rather than a 
liability principle to determine who can take the initia-
tive productively and cost-effectively because they have 
the most influence and control over the critical transac-
tions along the value chain (Andreasi Bassi et al. 2020). In 
Germany, it has been argued that downstream targets which 
involve segregated collection and recycling are emphasized 
more effectively by the collective responsibility over the 
upstream targets, including design for the environment 
(Critchell et al. 2019). Although individual accountability 
is more consistent with PPP and offers greater incentive 
appreciation for upstream targets, it also has a weaker cer-
tainty that the entire target will be met. Extensive studies 
have examined the effects of different payment plans on 

subjects required to pay and the characteristics of cost-
sharing among EPR organizations and the public sector. 
The limited expansion of the recycling market space and 
the requirement for cooperation, particularly in the infant 
industry era, may be used to justify the development of 
collective compliance schemes with market strength. Addi-
tionally, a monopolistic PRO may balance off the raw mate-
rial suppliers’ market dominance. Cooperative partnerships 
may result in monopolistic organizations (Atasu and Sub-
ramanian 2012; Ahlers et al. 2021; Lorang et al. 2022).

In terms of what the UK and Germany can learn from each 
other’s EPR policies, both countries have already made signif-
icant progress in implementing EPR and can learn from each 
other’s experiences and challenges. For example, the UK has 
established a comprehensive framework for the implementa-
tion of EPR, including the introduction of producer respon-
sibility obligations for a range of product categories. This 
has resulted in a significant increase in household recycling, 
with household recycling rates rising from 5.2% (1998–99) 
to 60.7% (2018–19) (Hahladakis et al. 2018). In comparison, 
Germany has made significant progress in implementing EPR, 
including through the introduction of deposit systems for 
certain products and the promotion of recycling through the 
“Green Dot” scheme. These initiatives have helped to increase 
municipal waste recycling rates from 4.8 to 62.8% during the 
same period (da Cruz et al. 2014).

Possible solutions to enhance the implementation of 
extended producer responsibility (EPR) policies in the UK and 
Germany include harmonizing EPR policies across the EU and 
encouraging product design for the environment. Harmoniz-
ing EPR policies across the EU can ensure that producers are 
subject to consistent and effective EPR obligations, regardless 
of where they operate within the EU. This would create a level 
playing field for producers and minimize the environmental 
impact of their products. Encouraging producers to design 
products with the environment in mind can reduce waste and 
the environmental impact of products (da Cruz et al. 2014).

It is important to cover technological factors with poli-
cies for recycling plastics because technology plays a cru-
cial role in the recycling process. Recycling plastics can 
help reduce waste and minimize the impact of plastics on 
the environment, but it requires an efficient and effective 
recycling infrastructure that can handle the volume and 
diversity of plastic waste.

Technologies for Processing PET, HDPE, 
Glass, and Aluminum

Figure 4 displays the various kinds of PET containers, the 
potential scale of recovery, and the worth of their DRS end 
product involved in the target, as part of all PET packaging 
available on the market (Khoo 2019). These categories are 
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divided into primary, secondary, tertiary, and quad waste 
plastic recovery processes. Reserves refer to the scraps and 
by-products produced during the extrusion or final product 
production of the same plastic type. Secondary recovery 
involves actively processing recycled plastics to produce new 
plastic products, such as powders, flakes, or granules, which 
reduces their volume (Anuar Sharuddin et al. 2017). Tertiary 
recovery breaks down the elemental composition of plastic 
waste components through pyrolysis to generate oil and gas 
components in the presence of oxygen at high temperatures. 
Intermediate recycling frequently employs catalytic cracking, 
steam cracking, and liquid-gas gasification. To transform pre- 
or post-consumer polymers into a market-acceptable commer-
cial fuel, tertiary recovery or task-engineered fuel production 
is required (Mwanza et al. 2018).

Thermochemical techniques like pyrolysis, liquefaction, 
and gasification offer possible solutions for managing plastic 
waste, as explained in the article (Khoo 2019) (Anuar 
Sharuddin et al. 2017). Pyrolysis is a process where plastic 
waste is converted into liquid hydrocarbon fuels like oil, 
char, and producer gas in an oxygen-free environment. 
Plastic waste can also be liquefied into energy-dense oil 
under high pressure and with the help of catalysts [49]. Using 
alkali catalysts during liquefaction can help increase the 
amount of oil produced while also reducing the formation of 
char (Khoo 2019). Another technique, gasification, involves 
converting organic molecules into synthesis gas through a 
thermochemical plastic-to-gas process (Anuar Sharuddin 
et al. 2017). These methods of plastic waste management 
align with the principles of extended producer responsibility 
(EPR), which places the responsibility of waste management 
on the producers of the products (Laubinger et al. 2021). 
By using these techniques, producers can take responsibility 

for the end-of-life management of their products and ensure 
that they are not causing harm to the environment. EPR 
encourages producers to design products that are recyclable 
or made from materials that can be converted into valuable 
products through the use of these thermochemical processing 
techniques (Mwanza et al. 2018).

Pyrolysis

EPR policies can play a crucial role in managing plastic waste 
by encouraging manufacturers to invest in recycling technolo-
gies such as pyrolysis. Pyrolysis is a process that can convert 
waste plastics into liquid hydrocarbon fuels like oil, char, and 
producer gas in an anaerobic environment (Davis et al. 2019). 
The distribution of the pyrolysis product depends on several 
factors like the combustion heat, growth temperature, time-
frame, and steam boiler type. The elemental composition of 
different plastics and their particle size density also affect the 
amount of fuel, charcoal, and fumes that are created. Various 
types of reactors, including ablative, fixed bed, movable bed, 
vacuum-moving bed, fluidized bed, mechanical bed, and spin-
ning cone (Kalargaris et al. 2017), can be used for combustion, 
but fluidized bed processors are the most commonly used due 
to their superior mass and temperature transfer, which results 
in better thermal degradation and higher oil yields (Kalargaris 
et al. 2017). Pyrolysis can be categorized as slow, fast-flash, 
or medium based on the reaction temperature and gas dwell 
duration (Miandad et al. 2016). After fast quenching, several 
degraded volatile compounds that could otherwise condense, 
cleave, or interact with other gases are isolated, resulting in 
the creation of non-condensable gases like hydrogen (H2), 
carbon monoxide (CO), carbon dioxide  (CO2), and methane 
 (CH4). Higher temperatures lead to more splitting processes, 

Fig. 4  Statistics and classifica-
tion of plastic waste collected 
in the UK (reproduced with 
permission from (Ahlers et al. 
2021))
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which reduce the amount of char generated (Brindha et al. 
2020; Mohanraj et al. 2021; Zhen et al. 2022). Longer vapor 
dwell duration in the reactor, caused by the reduced velocities 
at which organic solvents condense, encourages side reactions 
during pyrolysis and creates heavy compounds like tars and 
chars. The crude produced by decomposition is a mixture of 
liquid organic and aqueous components (Qureshi et al. 2020).

Polyethylene (PET) produces waxes rather than oil but 
can increase oil yield by using polystyrene and polypropyl-
ene. Because polystyrene breaks down into free radicals, 
each of which has unique synergistic effects. Various plastics 
are pyrolyzed in a fixed-bed reactor and produce  H2,  CH4, 
 C2H4,  C2H6,  C3H6,  C2H8,  C4H8, and  C4H10 (Qureshi et al. 
2020). Most of the pyrolysis liquid from HDPE, LDPE, and 
PP comprised aliphatics, alkanes, alkenes, and alkadienes, 
whereas aromatic hydrocarbons were formed from poly-
styrene, PVC, and PET. When plastics are co-pyrolyzed, 
the resulting oils contain fewer aromatic hydrocarbons and 
polycyclic aromatic hydrocarbons than separately. The pyro-
lytic oil seemed like a great place to get to some valuable 
molecules like benzene, toluene, styrene, and condensable 
aromatic hydrocarbons, all of which have practical use in 
industry (Miandad et al. 2016). By implementing EPR poli-
cies, manufacturers can be incentivized to produce more 
recyclable products and invest in recycling technologies 
like pyrolysis, thereby reducing plastic waste and its envi-
ronmental impact.

Liquefaction

The process of converting plastic waste into a high-energy-
density liquid using extreme pressure and catalyst sup-
ports is a promising technique. When alkali catalysts are 
used during liquefaction, they can increase oil yields and 
reduce char generation. Conversely, acidified catalysts can 
decrease the liquefaction heat and reaction speed. The use 
of liquefaction can produce commercially relevant prod-
ucts, including epoxies, sealants, and urethane sponges, as 
well as oil (Qureshi et al. 2020). Through condensation, 
the resulting monomers re-polymerize to produce oils and 
a small amount of charcoal. However, certain solvents can 
prevent the formation of harmful condensing reactions and 
solid-state reactions that typically result in char creation. 
Supercritical methanol is a suitable solvent for liquefying 
polymers (Miandad et  al. 2016). Supercritical alcohols 
are advantageous for enhancing the solubility and crack-
ing of organic components, which can result in improved 
hydrogen-donating characteristics, increased oil output, 
and enhanced phase separation due to the alcohol’s low 
boiling point. Hydrothermal liquefaction uses water as the 
aqueous reaction media due to its superior solvation quali-
ties, low cost, non-toxicity, and abundance (Qureshi et al. 
2020). Supercritical alcohols are favorable for improving 

the solubility and cracking of organic components, which 
may lead to better hydrogen-donating properties, greater oil 
production, and improved phase separation because of their 
low boiling points. Water is used as the aqueous reaction 
medium in hydrothermal liquefaction because of its out-
standing solvation properties, low cost, lack of toxicity, and 
availability (Davis et al. 2019). The liquid polymer products 
contain branched paraffin elements that resemble gasoline. 
The liquefied plastics produce oil with reduced water con-
tent, and the lower oxygen level of the oils produced contrib-
utes to their fuel properties and utility as a heater. Catalytic 
fuel improvement methods, including hydro refining, hydro 
treatment, and hydrodeoxygenation, are frequently much less 
effective due to the low moisture content of plastic-derived 
oils (Qureshi et al. 2020) (Al-Salem et al. 2017). Overall, 
the use of high-performance liquefaction processes can help 
alleviate the environmental impact caused by plastic waste 
by reducing the quantity of plastic waste that is disposed of 
in landfills or the environment.

Gasification

Implementing EPR policies could encourage the use of the 
thermochemical plastic-to-gas process called gasification, 
which converts organic molecules into synthesis gas. The 
resulting H2 and CO-based synthetic gas contains small 
amounts of  CO2,  CH4,  C2H2,  C4H8, and  C2H6. Gasification 
is a more modern process that can function at lower tem-
peratures with higher reactivity compared to coal gasifica-
tion, a well-established technique for making syngas at high 
temperatures (Mojaver et al. 2022). Gasification is preferred 
over other thermochemical processes since it produces  H2, 
which could help reduce energy loss during power plant 
combustion. Gasification can be carried out using air, steam, 
or liquids, and subcritical or supercritical water is used as 
the reaction media (Ciuffi et al. 2020). Traditional gasifica-
tion involves a series of thermochemical processes, such as 
partial oxidation, pyrolysis, and steam gasification. Pyrolysis 
produces oil, gas, and charcoal by thermally cracking plas-
tics in the absence of oxygen. In contrast, partial oxidation 
uses less oxygen than molar ratio combustion. Additionally, 
steam reforming involves reforming organic compounds in 
water to CO,  CO2, and  H2 (Ciuffi et al. 2020). Hydrother-
mal gasification has features such as the rapid conversion of 
plastic polymers to monomers, improved monomer solubil-
ity, greater carbon conversion efficiency, increased syngas 
yields, reduced formation of char and tar, and a lower pos-
sibility of intermediate polymerization (Ciuffi et al. 2020).

Although the conventional regenerative method has been 
extensively industrialized, novel techniques such as altered 
regenerative method, cracking regeneration technology, etc. 
are critical for recycling and reusing HDPE (Hasanzadeh 
et  al. 2022). The mechanical properties of recycled  
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products are significantly reduced due to the aging of waste 
HDPE during use and regeneration processes, rendering 
them unsuitable for high-grade manufacturing (Zhao and 
You 2021a). Filling alteration technology, plastic alloying 
technology, and cross-linking modification technology are 
the three emerging methods for processing plastic bags. By 
proportionately mixing plastics with varying densities and 
contents, plastic alloying technology can produce mixed 
alloy materials with unique properties. The plastic bags are 
broken, cleaned, and dried, then treated with cross-linking 
modification technology to create a 3D recycled material 
with improved mechanical properties for new applications 
(Zhao and You 2021b; Liew et al. 2021; Hasanzadeh et al. 
2022). By adopting an EPR approach, manufacturers can be 
incentivized to produce more recyclable products and invest 
in these recycling technologies.

Aluminum and Glass Recycling

The extended producer responsibility recycle rate for alu-
minum packaging is displayed in Fig. 5a. Juice pouches 
make up the majority of aluminum packaging; they are 
included by the Scottish deposit return scheme and are 
anticipated to be included in the English, Welsh, and Ire-
land deposit return schemes as well (Mojaver et al. 2022). 
The impact evaluation assumes that 229 kt of aluminum 

containers will be sold in 2023; 98kt is non-can and falls 
within EPR. This is by market projections for the tonnage 
of beverage cans in 2019 (Burke et al. 2019; McNicholas 
and Cotton 2019). Once the containers have been elimi-
nated, the research estimates that the remaining weight 
includes packages with a low recycling rate, such as sprays 
and foils, mainly as these are not accepted for recycling 
by all regional officials. This causes a poor recycling rate. 
Suppose all local councils are obliged to gather such items 
from homes, especially aerosol cans, foil, and lids, the 
recycling process will rise, and a greater goal for alu-
minum might be established. The researchers should keep 
working with industry while the government does further 
study (Kosior and Mitchell 2020; Watermeyer et al. 2021).

Glass packaging is primarily used for packaged foods 
like toppings, gravies, and preserves. A considerable per-
centage of glass bottles in beverage bins are covered by 
the Scottish DRS and suggested to be covered by Britain, 
England, and Northern Irish DRS. Since this packaging 
is easily recycled, a high standard for non-bottle manu-
facturing products may be set. For a few decades previ-
ously, there has been a “re-melt” objective for glassware 
to encourage more glasses to be used in re-melt uses (such 
as putting bottle glass back into the container), which pro-
motes good quality and more critical ecological quality 
than other uses like aggregates. The objective for re-melt 
in the UK in 2021 and 2022 is 72% (Kosior and Mitchell 

Fig. 5  a EPR packaging materials and expected growth in 2030 and 2040 in the UK b DRS and EPR % increase in 2020 and 2030 in the UK 
(data obtained from https:// www. gov. uk/ gover nment/ stati stics/ uk- waste- data)

https://www.gov.uk/government/statistics/uk-waste-data
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2020; Watermeyer et  al. 2021). The DRS and EPR % 
increase in 2020 and 2030 in the UK, a timeline of EPR 
and DRS activities is shown in Fig. 5b.

Conversely, COVID-19 has significantly impacted how 
producers apply regulations like DRS and EPR. The eco-
nomics report’s investigation indicates that COVID-19 is to 
blame for the most extensive global economic catastrophe 
since World War II and maybe even the Great Depression. 
Additionally, COVID-19 has stopped production, putting 
manufacturers under much stress concerning rent, equipment 
depreciation, and loan interest, as well as creating a danger 
of capital chain disruption (Winternitz et al. 2019; Tian et al. 
2020; Watermeyer et al. 2021). The timeline and expected 
EPR initiatives were shown in Fig. 6.

Future Trends and Circular Economy 
Prospects

The essence of circularity is to optimize resource usage 
while minimizing waste generation by establishing priorities 
through the “6Rs.” These include cutting back on raw mate-
rial use, remodeling products to facilitate reuse or recycling, 
preventing the use of plastics, recycling through closed-loop 
processes, and extracting energy via combustion or the sepa-
ration of chemicals and fuels. Adhering to these principles is 
crucial for achieving a circular economy and reducing waste 
production (Peng et al. 2019).

In order to implement the circular economy, it is impor-
tant to redesign products to promote circularity from the 
outset. This involves removing qualities that hinder recy-
cling and incorporating those that facilitate it throughout the 
product design process. By doing this, the transition from a 
linear to a circular economy for waste management can be 

simplified. All stakeholders, from manufacturers to end-of-
life deployment, must work together towards a shared objec-
tive of creating a waste-free circular economy that benefits 
everyone and imposes no externalized costs on society. This 
requires a fundamental shift in the way we produce, con-
sume, and dispose of goods, and a commitment to sustain-
able and responsible practices. By embracing circularity, we 
can create a more efficient, equitable, and environmentally 
conscious society (Bonsu 2020).

Conclusion

The circular plastics economy can be achieved through the 
promotion of mechanic, pharmacological, and reusable recy-
cling channels. By categorizing UK plastic waste based on 
relative value instead of polymers, higher plastic recycling 
quantities can be generated. To achieve this, quick action 
is needed in four critical areas, including standardization, 
infrastructure investment, partnership models, and the pro-
duction of higher-value recycled materials, all of which 
require supply chain collaboration. Although many organi-
zations have made efforts to recycle plastics, it is necessary 
to adopt a team effort approach that includes cooperative 
producer, consumer, and government objectives to create 
a more aspirational, system-wide framework for success. 
To achieve success in the circular plastics economy, it is 
important to develop material recovery data using available 
open standards and achieve cross-supply channel uniformity. 
This involves implementing unified bin collection, reducing 
plastic usage, decreasing pollutants, implementing uniform 
labeling, and defining policies to create a more consistent 
and effective system. The implementation of a collaborative 
approach involving all stakeholders is crucial to achieving 

Fig. 6  Timeline of EPR and 
DRS activities in the UK
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this goal, as well as investing in infrastructure and research 
to create new, higher-value recycled materials. With these 
efforts, a circular plastics economy can be realized, reduc-
ing the environmental impact of plastic waste and creating 
a more sustainable future.
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