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More than 8 billion tonnes of plastic have been produced globally since 1950, with almost 80% of the plastic
generated annually turning into waste. This plastic waste represents a significant environmental challenge and
reflects a major economic loss. Catalytic methods capable of transforming plastic waste into valuable
chemicals and fuels offer the opportunity to turn plastic pollution into a viable resource, promoting a circular
plastic economy that is crucial for achieving sustainability in energy sectors. This review examines the latest
research advancements in catalytic processes for recycling plastic waste into chemicals and fuels. These
technologies are emerging as potential solutions in the search for a sustainable circular plastic economy and
energy markets, offering alternatives that incineration and mechanical recycling have largely failed to deliver.
Various catalytic processes are comprehensively accessed, including pyrolysis, hydrocracking, chemolysis,
hydrogenolysis, photocatalysis, electrocatalysis, biocatalysis, and metathesis, which efficiently convert plastic
waste into valuable chemical building blocks, fuels, and other high-value products. These technologies not
only address the environmental issues associated with plastic pollution but also contribute to resource
recovery and energy sustainability with potential to produce low-carbon fuels, chemicals and building blocks
to enhance plastic circularity. Moreover, this review addresses the current challenges and future research
directions essential for accelerating the transition towards sustainable circular plastic economy. It offers
a comprehensive evaluation of catalytic recycling technologies, including pyrolysis, hydrocracking, chemical
depolymerisation, and metathesis, with a focus on mitigating Scope 3 Emissions and fostering sustainable
energy solutions. The objective is to promote the advancement of catalytic technologies, recognizing the
potential of catalysis to enhance economic efficiency and capitalize on the conversion of plastic waste into
high value chemical feedstocks and energy. The review highlights recent developments in catalytic processes,
including catalysts, plastic feedstocks, reaction parameters, and their impact on product distribution and yield.
While the gasification method is briefly mentioned, this review does not cover thermosetting plastics, physical
recycling, or non-catalytic processes such as thermal recycling, mechanical recycling, or incineration.

A circular plastic economy is essential in tackling the global plastic waste crisis through sustainable and scalable solutions. It investigates how advanced
catalytic and chemical recycling technologies can create new value from plastic waste while reducing reliance on fossil resources. By analysing recent

advancements in chemical recycling and catalysis-driven approaches, the article outlines methods for converting plastic waste into valuable materials. It

highlights innovations aimed at lowering lifecycle emissions, minimising environmental impacts, and promoting circularity in production systems. The
technological insights shared directly contribute to the achievement of several UN Sustainable Development Goals, including SDG 9 (Industry, Innovation, and
Infrastructure), SDG 12 (Responsible Consumption and Production), and SDG 13 (Climate Action), by enabling a resilient shift toward low-carbon, resource-
efficient, and innovation-led plastic systems.

1. Introduction

through its versatile applications across various industries.*
Plastics are used for manufacturing a wide range of products,
and are crucial to innovation in many industrial segments

Plastic has become a ubiquitous part of human life and plays
a significant role in the improvement of human living standards
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including automotive, aviation, electronic, construction,
healthcare, packaging etc. The mass production of plastic
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started in the 1950s, since then the worldwide production of
plastic materials has reached more than nine billion metric
tonnes (Fig. 1). With the massive increase in the world's pop-
ulation, the plastic demand is continuously increasing due to its
various advantages such as good insulating properties, light
weight, durability, comparatively low cost, erosion resistance,
ease of processing, mouldability, etc.>* In 2023, the annual
plastic production was 413.8 million tonnes and is projected to
rise to 590 million tonnes by 2050.°® In 2015, fossil fuel-based
plastic production contributed 1.7 Gt CO, equivalent (CO,e)
in greenhouse gas (GHG) emissions over their life cycle. If
current trends continue, both plastic production and associated
GHG emissions are expected to nearly quadruple by 2050.°

Plastic demand mainly involves high-density polyethylene
(HDPE), low density polyethylene (LDPE), polyethylene tere-
phthalate (PET), polypropylene (PP), polystyrene (PS), poly-
urethane (PU), and polyvinyl chloride (PVC). HDPE is used in
the manufacture of storage boxes, bottles, pipes, cable insu-
lation, toys, etc. LDPE is applied in agricultural films, pack-
aging, reusable bags, and computer components. PET is used in
beverage bottles, food containers, and films. PVC is used to
manufacture plumbing pipes, tiles, cables for insulation,
garden hoses, automotive upholstery. PP is used in packaging,
automotive parts, bank notes, and microwave containers. PS
serves in insulation, food packaging, electrical equipment,
eyeglass frames, etc. Fig. 2 represents the global demand and
use of these polymers across segments."’
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The continuous increase in plastic production has led to
increased plastic waste accumulation, with almost 60% of the
global plastic ending up in the environment as plastic waste.
Plastic waste is categorised as industrial and municipal waste.
Industrial plastic waste, being more homogeneous and less
contaminated, is easier to recycle into lower grade products. In
contrast, municipal plastic waste is heterogeneous and often
contaminated, comprising HDPE, LDPE, PET, PP, PS, and PVC.
Packaging, single use plastics, dominates plastic consumption
and accounts for over 50% of global plastic waste.'*"** Different
polymers reach the waste status at varying rates, as shown in
Fig. 3. Plastic packaging has a short life span and typically
becomes waste within 6 months of its production, leading to
a significant economic loss of ~100 billion dollars annually, in
addition to disposal and environmental costs."”® About ~11%
(by mass) of the total metropolitan solid waste (MSW) stream is
made up of synthetic polymers but occupy an uneven volume in
landfills.** Most of these polymer materials degrade slowly in
landfills, and stay there for an indefinite period. The collection
of municipal solid waste can cost hundreds of dollars per metric
tonne, though disposal cost varies by region."” In addition,
cleaning up of synthetic polymers that skip collection can be
very costly. For instance, about 500 million dollars is spent
annually to remove litter, mostly plastics, from the west coast of
US only.*

Scope emissions encompass greenhouse gases emitted
across the entire value chain. In particular, Scope 1 emissions
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are direct emissions from an organization's controlled
processes. In plastic manufacturing, a major source of carbon
emissions is the extraction of raw materials, such as petroleum
hydrocarbons from fossil fuels. Another significant contributor
is the conversion of raw materials into polymer resins and final
plastic products. Scope 1 emissions, being directly controlled by
organisations, are the most manageable. Scope 2 emissions,
however, arise indirectly from purchased energy, with energy-
intensive processes like injection and extrusion moulding
amplifying their impact. To mitigate these emissions, organi-
sations can implement energy-efficient practices or transition to
low-carbon and renewable energy sources.

Scope 3 emissions refer to indirect emissions occurring from
the entire value chain of an industry or organization,

Sarim Dastgir studied chemistry
at the University of Oxford, UK,
where he completed his DPhil.
(PhD) thesis in 2005 in the
research group of Malcolm L. H.
Green, FRS. He then joined the
Research Group of Professor
Chao-Jun Li at McGill (2006-
2007) and later the Research
Group of Professor Gino Lavoie at
York University (2007-2012), as
a postdoctoral research fellow.
Before joining Green Global
Group of Companies as partner
and member of board, Sarim worked as a Senior Scientist and
Program Director at Qatar Energy and Environment Research
Institute (QEERI), Hamad Bin Khalifa University (HBKU), a part of
Qatar Foundation. At Green Global Group, Sarim guides strategic
growth, enhances market competitiveness, and oversees physical
commodity trading, engineering and emerging technology portfo-
lios. He has extensive project management & business background
and effectively merges strategy with execution by leveraging expe-
rience from R&D to Startups and industrial deployment in
a forward-thinking and collaborative approach. Sarim has strong
focus on sustainable development, life cycle assessments (LCAS),
quality & environmental management systems, regulatory compli-
ance, net zero, risk management and business continuity planning
for industry 5.0 transition. Sarim's career highlights includes brown
& green field technologies for carbon management (CCUS),
hydrogen economy, gas processing and treatments, waste manage-
ment, polymer recycling, olefin polymerisation, oligomerisation,
engineering plastics, sustainable fuels and base oils and materials
for chemical and biochemical applications along with his strong
focus on circular economy, management & cost recovery systems,
certification, accreditation, compliance & regulatory overview,
audits, risk management, HI/HO data management, data analytics
& software controls. He is also a strong influencer & negotiator with
expertise that includes creative problem-solving, intellectual prop-
erty, technology development & transfer, product development,
manufacturing, commercialisation, and merger & acquisitions
across diverse sectors.

Sarim Dastgir

3726 | RSC Sustainability, 2025, 3, 3724-3840

View Article Online

Tutorial Review

450 4138
304.0 4004
400 3705 379.8 3804

50 335.0
200 288.0

2450

250

2000
200

150
100

50.0
50

Producton volume in millon metric fonnes

1.5

Fig. 1 Global annual plastic production. Source: Statista Research,
2024.

accounting for majority of the footprint. These emissions orig-
inate from activities beyond direct control but resulting from
operations, including supply chain activities, distribution,
product usage, and waste disposal. Scope 3 emissions are
extremely difficult to track and are potentially the largest
contributor to an organisation's total emissions.

According to the OECD (Organisation for Economic Co-
operation and Development) report, plastics account for 3.4%
of global greenhouse gas emissions, with 90% resulting from
their production and fossil fuel-based conversion.' Similarly,
end-of-life processes, such as recycling, incineration or
disposal, generate downstream Scope 3 emissions. Incineration
has the highest carbon emissions, releasing two tonnes of CO,
by incinerating one tonne of plastic.”*** However, upstream
Scope 3 emissions can be significantly reduced by integrating
recycled plastics into manufacturing. Recycling can reduce the
emissions from incineration by 40-50%.** Organisations can
mitigate various embedded emissions at the extraction and
processing stages by reusing and reprocessing waste into recy-
cled inputs instead of relying on virgin raw materials. Circular
economy strategies provide potential benefits to reduce and
decarbonise both upstream and downstream Scope 3 emissions
by:

e Reducing waste during manufacturing and designing
products to ensure their reuse or recyclability.

e Using recycled materials to create products leading to less
use of virgin materials, thereby reducing emissions from
extraction and processing.

e Implementing downstream solutions alongside upstream
solutions to reduce emissions throughout the entire value
chain.

Despite numerous reviews on plastic recycling technologies,
most of them focus either on specific polymer classes or on
individual catalytic approaches, such as pyrolysis or chemolysis.
While these studies offer valuable depth, they often lack
a holistic approach that considers the interconnected technical
and environmental factors shaping the broader plastic circu-
larity landscape. This review addresses that gap by encom-
passing a broad spectrum of catalytic strategies, ranging from
thermal catalysis (e.g., pyrolysis, hydrocracking) to precision
depolymerisation methods (e.g., chemolysis, metathesis), as

© 2025 The Author(s). Published by the Royal Society of Chemistry
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well as emerging low-temperature processes (e.g., photo-
catalysis, electrocatalysis, biocatalysis). It provides a compre-
hensive analysis of how these diverse catalytic technologies can
synergistically contribute to the advancement of a circular
plastic economy. A distinctive aspect of this review is its
emphasis on the potential of catalytic recycling in reducing
Scope 3 emissions, an often-overlooked yet crucial metric in life-
cycle assessments and sustainability reporting. By highlighting
catalytic pathways that enable decentralised, low-carbon valor-
isation of plastic waste, this review contributes to the expanding
discourse on climate accountability within the chemical and
energy sectors.

2. Plastic pollution: a global
environmental concern

Plastic pollution causes serious risks to human health, ecosys-
tems, and environment. In 2015, the incineration of plastic
packaging wastes emitted about 16 million tonnes of CO,
equivalents. In 2019, only 9% plastic waste was recycled, 19%
incinerated, 50% went to landfills, and 22% evaded waste
management systems and ended up in open dumps or natural
environments, or burned in open areas.'® Moreover, the Covid-
19 led to significant increase in single-use plastic waste, with
Wuhan generating 240 metric tonnes of medical plastic waste

© 2025 The Author(s). Published by the Royal Society of Chemistry
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Fig. 2 Global plastic demand by application in 2021 (left); global plastic distribution by polymer type in 2023 (right). Data are based on Plastics-
the Facts 2022 and 2024 reports.

which is nearly 6 times compared to pre-pandemic levels.”
Similarly, Singapore produced an additional 1400 tonnes waste
from packaging and food delivery during the eight-weeks period
of lockdown.>* Although recycling rates are expected to increase
to 17% by 2060, landfilling (50%) and incineration (18%) will
remain dominant, leading to continued waste accumulation.™
Landfilling is an unsustainable solution as plastic waste
dominates a large volume of landfill sites and can remain there
for many years, or even for decades, due to their high resistance
to degradation against physical, chemical, and biological
actions.>®”® Continuous disposal of plastic waste into landfills
creates serious environmental risks, including pollution and
greenhouse gas emissions (GHG).>”?® On the other hand,
incineration generates harmful emissions with limited energy
recovery. Therefore, severe pollution or disasters are caused
both by incineration and landfilling. The net material value
recovery is either none or minimum at large scale. The inter-
action of plastic with groundwater and toxic materials in landfill
sites can lead to production of harmful leachate, eventually
contributing to environmental degradation and deterioration of
surrounding land. Therefore, landfilling the plastic waste is the
most undesirable waste management strategy. The environ-
mental damage caused by plastic pollution is often considered
more severe than carbon footprints.***°

The Ellen MacArthur Foundation reported the loss of about
1/3rd of global plastic packaging waste into the environment.*
Accumulation of plastic waste in oceans has become a major
environmental challenge.®® The Great Pacific Garbage Patch
(GPGP) now spans approximately 1.6 million km?, i.e., three
times the area of Spain, comprising 99.9% plastic debris. In
2016, the foundation reported that plastic mass in oceans would
become equal to the fish that live in them by 2050, if current
plastic management trends persist (Fig. 4).'*** Even conserva-
tive studies have estimated that 8 MMT of plastic materials end
up in oceans annually.” Plastic waste now reaches even the
most remote locations, from the Virgin Islands to the ocean's
deepest depths.*® Plastic waste in the north Pacific Ocean has
increased by 100 fold during the last 40 years. The OECD's 2022
report estimates that 30 million tonnes of plastic waste have
already accumulated in oceans and seas, with additional 109

RSC Sustainability, 2025, 3, 3724-3840 | 3727
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Fig. 4 Plastic pollution in oceans and reservoirs. Figure partially
generated using iStock Al Image Generator.

million tonnes in rivers." Environmental pollution by plastic is
undoubtedly alarming, according to UNCTAD 2022 and UNEP
2022 reports, out of 369 million tonnes of plastic waste gener-
ated annually, about 11 million metric tonnes ends up in the
ocean.*

Plastic waste fragments over time in oceans, eventually
forming microscopic particles (~20 um diameter) which even-
tually enter aquatic animals. Large particles could harm ocean
species via entanglement, resulting a significant loss to aquatic
habitat.>>*® Animals can get entangled in plastic waste, which
can lead to injury and even death. Plastic pollution can also
affect the eating habits and reproduction of marine life,
contributing to reduction in their population. According to
United Nations, almost 1 million marine mammals and
seabirds are killed annually by plastic waste.*” If current trends
continue unchecked, it is projected that by 2100, the total mass
of microplastics in the marine environment may increase by 50
times, compared to 4.9 x 10° in 2010.*®* The composition of
microplastics is mainly represented by the following polymers:
PE, PET, PP, PS, PVC, PA (polyamide), nylon, and polyvinyl
alcohol (PVA).** Microplastics are mixtures of small particles,
ranging from 1 micron to 5 mm size, and are categorised into
two types: primary and secondary.*>*' Primary microplastics are
produced for a specific industrial or household use, such as
exfoliants in face scrubs, toothpastes, and secondary micro-
plastics are generated through the breakdown of large plastic
materials under the influence of UV radiation or mechanical
wear and tear. Microplastics enter the environment primarily
through industrial and domestic wastewater.** However, the
most likely and large-scale process of microplastic formation
results from the fragmentation of improperly disposed plastics,
such as abrasion of larger fragments of plastic on beaches. In
water, secondary microplastics degrade slowly due to low
temperatures and ultraviolet radiation, eventually breaking
down into microscopic particles. These are easier to swallow by
marine organisms, which increases the vulnerability to toxic
leaching, desorption, and adsorption. In addition, micro-
plastics can be transferred to various ecosystems through
animal migration or water currents, affecting even remote
areas.*™** Recent studies show that a variety of marine organ-
isms, including mussels, fish, shrimp, oysters, oarfish, worms
and even whales, swallow these particles.** According to studies,
ingestion of these particles causes severe health effects,
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including pathological stress, false saturation, reproductive
complications, blocking of enzyme production, decreased
growth rate, and oxidative stress.** While whales and some large
marine animals may pass microplastics without any harm due
to lack of enzymatic pathways, these microplastics adsorb toxic
chemicals such as organochlorine pesticides and polycyclic
aromatic hydrocarbons, transferring toxins into the food
chain.” Thus, even if some organisms avoid direct contact with
microplastics they still face exposure through other organisms
containing these particles. Current methods for removing
microplastics from water include flotation, enzymatic degra-
dation, photocatalytic degradation, membrane separation, and
coagulation deposition.*®

Properties of plastics are often improved with additives such
as plasticisers for flexibility, stabilisers for thermal and UV,
flame retardants, and dyes. However, some of these additives
can potentially be transmitted into the blood stream and
animal tissues via ingestion, potentially damaging blood cells
and tissues.”” Among the most concerning additives are
bisphenol A, brominated flame retardants, phthalate plasti-
cisers, and antimicrobial agents. BPA and phthalates are often
found in products including computers, cosmetics, food pack-
aging, floor coverings, medical devices, perfumes, and toys. Due
to their volatile nature, they contaminate the aquatic environ-
ment, air, and dust.” These chemicals have shown to affect
reproduction and deteriorate the development of crustaceans
and amphibians.*®

Microplastics are not confined to oceans but also contami-
nate the soil and atmosphere. Landfill sites, which contain the
highest concentration of microplastics, are a major source of
soil contamination. These microplastics can infiltrate soil
through wind, dust, rain, and erosion, where microorganisms
and enzymes break them down into even smaller fragments
than those found in the aquatic environment.** Microplastics
with a higher density remain in the ground, moving to deeper
layers and transferring pollution to groundwater, and poten-
tially transmitting to plants and the food chain. Microplastics
with a lower density remain on the surface and can be carried by
wind and water because of erosion. Hence, microplastics can
have an impact not only on marine life but also get into the food
chain of terrestrial animals and plants. Plastics can change the
pH of the soil, for example, polylactic acid and low-density
polyethylene increase the pH, whereas high-density poly-
ethylene lowers it. Such changes in the soil certainly have an
impact on organisms living in it.** Microplastics can disrupt the
growth, development and ecological processes of plants.
However, some studies have suggested beneficial effects of
microplastics such as a decrease in volume density, increased
aeration, and enhanced root growth.*

3. World energy demand and
sustainable chemical industry

The world population is steadily increasing, projected to exceed
9.7 billion in 2050 and potentially reaching 10.9 billion by
2100.°* Life expectancy is also expected to rise from the current

© 2025 The Author(s). Published by the Royal Society of Chemistry
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67 years to 75 years in 2050. This demographic shift will drive
a surge in global energy demand, which, under a “business as
usual” could triple from 13.1 million tonnes (MT) of oil equiv-
alents in 2015 to 35 MT in 2050, potentially reaching unsus-
tainable levels.** Industries will remain the dominant drivers of
this demand, with economic growth and urbanisation acceler-
ating consumption, particularly in resource intensive sectors.
However, this increasing energy demand will represent unique
challenges for the energy sector, which must balance increasing
energy needs with environmental concerns. To mitigate climate
change, greenhouse gas emissions must be reduced to half
from current levels, requiring a dramatic reduction in fossil fuel
dependence and a shift towards sustainable energy solutions.

Significant economic growth is anticipated over the next few
decades, with the world economy projected to expand to 280
trillion US dollars in 2050 from 75 trillion dollars in 2010, and
this in turn would produce an enormous growth prospect for
the chemical industry (Fig. 5).** The size of chemical industry
could potentially increase to US$ 18.7 trillion. Rising life
expectancy and economic growth will increase chemical
demand strongly across various sectors, from basic and
specialty chemicals to pharmaceuticals. However, there will be
enormous pressure to reduce greenhouse gas emission and
fossil fuel consumption to circumvent the environmental
challenges. Consequently, energy industries in future will be
under pressure to substitute their naphtha and oil demands for
more sustainable feedstocks.>>>*

By 2050, the current industrial practices and BAU scenarios
suggest that two and a half earth resources would be required to
support the basic demand, leading to an unsustainable future.*®
For a sustainable economy, a corrective path is vital with the
development of a circular economy by improved industrial
practices. To address these challenges, innovation and
increased efficiency would play a key role for a sustainable

The World in 2050 — “BAU” Scenario
“Unsustainable” scenario
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Fig. 5 Status of the world in 2050 — BAU scenario. The values are
taken from ref. 52. Figure partially generated using iStock Al Image
Generator.
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society. The circular economy provides a structured framework
to address these challenges by minimising waste and max-
imising resource utilisation. One potential approach involves
reusing waste plastics to make feedstock chemicals, offering
a viable solution to support circularity and resource efficiency.

The recent global stocktake by the United Nations Frame-
work Convention on Climate Change (UNFCCC) underscores
the alarming gap in current climate mitigation efforts. Projec-
tions reveal that the remaining global carbon budget to limit
warming to 1.5 °C has reduced to 275 gigatonnes of CO, which
is equivalent to less than seven years of emissions at current
rates. Fossil-based transportation fuels contribute approxi-
mately 20% of global CO, emissions, requiring a rapid transi-
tion to low and zero carbon alternatives. Initiatives such as the
EU's ReFuelEU Aviation program signify this shift directing
a gradual increase in the adoption of sustainable aviation fuels
(SAFs) and synthetic fuels. By 2035, a minimum of 20% of
aviation fuel supplied at EU airports must comprise SAFs,
a target representing a 900% rise from 2025 levels. This tran-
sition is crucial in decarbonising the aviation sector and miti-
gating its environmental footprint.

Concurrently, the global waste crisis presents another huge
challenge, with over 2 billion tonnes of solid waste generated
annually. Plastic waste, which constitutes about 12% of global
solid waste, predominantly ends up in landfills, incinerators, or
is poorly managed, further worsening environmental degrada-
tion. The circular plastic economy has the potential to play
a crucial role in addressing the world energy demand and
developing a sustainable chemical industry by transforming
waste into a resource, thus reducing the dependence on virgin
fossil fuels. By recycling and reprocessing plastics, the circular
economy significantly cuts down on the energy-intensive
extraction and processing of raw materials, leading to energy
conservation and reduction in greenhouse gas emissions. This
shift also drives innovation in the chemical industry, promoting
the development of sustainable processes and materials that are
more energy-efficient and ecofriendly. Advanced recycling
technologies such as chemical recycling enables the conversion
of plastic waste into valuable chemicals and fuels, contributing
to more resilient and diversified energy supply. By enabling the
recycling of a broader range of plastics, these innovations
support the sustainable energy landscape by contributing to
resource efficiency, reducing greenhouse gas emissions,
conserving energy, and fostering circular economy. Overall, the
circular plastic economy plays a vital role in shaping a sustain-
able chemical industry that meets global energy demands and
minimises environmental impact. Continuous advancements
in recycling technologies, particularly chemical recycling, can
convert plastic waste into monomers, chemical building blocks,
high-quality raw materials, or even fuels, contributing to the
development of sustainable energy markets.

The growing urgency to address plastic waste has reinforced
the need for effective recycling to reduce the environmental
impact. Plastic-to-energy projects are gaining attraction in the
energy industry as awareness about the severe environmental
harm caused by single use plastics grows. Energy recovery from
plastic waste, along with other forms of domestic, industrial,

RSC Sustainability, 2025, 3, 3724-3840 | 3729


http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
https://doi.org/10.1039/d5su00225g

Open Access Article. Published on 16 lipnja 2025. Downloaded on 18.4.2026. 5:36:01.

Thisarticleislicensed under a Creative Commons Attribution-NonCommercial 3.0 Unported Licence.

(cc)

RSC Sustainability

and agricultural waste, is now recognised as an environmentally
benign strategy to produce renewable energy.*® Sustainable
solutions that harness the energy potential of plastic waste
while mitigating its environmental harm are imperative.
Beyond recycling, the search for clean, low-cost energy
resources is vital amid growing population growth and rising
demand for plastics and energy. Generally, plastic waste-to-
energy conversion processes transform plastics into electricity,
heat, or alternative fuels. These technologies, which are well
established in Europe, can produce electricity, heat, fertilisers,
and biofuels from plastic waste, offering a good feedstock for
energy recovery.*

There are different ways to valorise plastic waste, including
chemical recycling to feedstocks and energy. These methods
harness the chemical energy stored in the hydrocarbon struc-
ture of plastics to produce chemical feedstock and fuels,
however, currently not all of them are economically viable.
Continued innovation in technology and processes will be
critical to enhance efficiency, scalability, and cost-effectiveness
in plastic to energy conversion.

4. Plastic circular economy

Synthetic polymers are typically derived from non-renewable
resources, with petrochemicals used in plastic production
accounting for 14% of world's total oil demand and 8% of gas
demand.” These figures are anticipated to rise, making petro-
chemicals the world's biggest driver of oil demand, surpassing
sectors such as aviation, shipping, and trucks. From the energy
security and economic perspective, the large scale at which
synthetic polymers are made from petroleum resources can be

I Intermediate treatment
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concerning due to high energy security and resource depletion,
as most plastics are still produced using fossil-based feedstocks.
A major portion of plastic waste ends up with an uncertain fate,
either lost during processing or escapes collection systems,
leading to severe environmental consequences (Fig. 6). The
limitations of linear plastic value chain have intensified interest
in the circular economy.*® Plastic recycling processes are
considered necessary alternatives that offer economic and
environmentally friendly solutions for plastic waste manage-
ment. Transitioning to a circular and climate neutral economy
will require substantial investment and innovation across the
plastic value chain. This shift includes developing new business
models focused on reuse, producing more recycled plastics, and
creating alternative feedstocks that reduce dependency on fossil
fuels. The circular economy presents an alternate and more
sustainable model to linear economy which follows the “Take-
Make-Waste” model by using valuable resources for longer
periods and reintegrating materials into production cycles.
Consequently, a circular economy reduces the demand for
primary raw materials, enforces waste prevention, enhances
recycling, and potentially increases resource efficiency. It is
aimed at ‘designing out’ waste and prioritising reuse and recy-
cling of resources. The industrial evolution has been dominated
by a linear model of production over the past few centuries
through technology advancements, resulting in unprecedented
prosperity to our society.”*** The “New Plastics Economy” must
be a circular economy that can eliminate waste, maximise value,
and use plastic efficiently. A hierarchical approach has been
proposed for dealing with plastic wastes, according to the
following options in the order of priority.*
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Fig. 6 Current pathways for plastic waste management. The percentages represent the global average values in 2