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Abstract— Plastic has become an essential component of
modern science and industry due to its widespread use, which is
characterized by its remarkable durability and protective
qualities. However, it is precisely these characteristics—its
resistance to degradation and widespread use—that have
resulted in a significant problem for the environment: plastic
waste that persists in the ecosystem indefinitely. A sustainable
solution has not been provided by landfilling, incineration, or
mechanical recycling as traditional methods of disposal. The
COVID-19 pandemic has made the problem worse by making a
lot of plastic waste, especially from people throwing away their
personal protective equipment. Microplastic pollution is largely
attributable to the widespread use of face masks, primarily
made of polypropylene, as well as poor waste management
practices. The long-term environmental consequences could be
severe if nothing is done immediately.This study aims to:

1. Raise awareness about the potential and pitfalls of
plastic-degrading bacteria;

2. Investigate the long-term microbial sustainability in
plastic degradation processes; and

3. Explore the conversion of plastic waste into valuable
byproducts.

Keywords— Boon & bane, Degradation, Microbial
Sustainability, Mechanical, Microbial Science

I. INTRODUCTION

In March 2016, scientists in Japan made a startling discovery.
They found that some of the bottles at a recycling plant were
being broken down by bacteria. The newly discovered
bacteria were named Ideonella sakaiensis. In 2001, a
gathering of Japanese researchers made a surprising
disclosure at a refuse dump. In channels loaded with soil and
waste, they found a disgusting film of microorganisms that
had been joyfully biting through plastic containers, toys and
other bric-a-brac. As they separated the junk, the microscopic
organisms gathered the carbon in the plastic for energy,
which they used to develop, move and gap into considerably
more eager for plastic microbes. Regardless of whether not in
a remarkable hand-to-mouth-to-stomach way we ordinarily
comprehend it, the microbes were eating the plastic.

In the years since the gathering's disclosure, plastic
contamination has become difficult to overlook. Inside that
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around 20-year range, we have created 2.5bn lots of plastic
waste and every year we produce around 380 million tons
more, with that sum projected to significantly increase again
by 2060. A fix of plastic junk multiple times the size of
Extraordinary England sits in the Pacific Sea, and plastic
waste stifles sea shores and overspills landfills across the
world. At the little scope, microplastic and nanoplastic
particles have been tracked down in foods grown from the
ground, having gone into them through the plants'
foundations. What's more, they have been tracked down held
up in essentially every human organ - they could pass from
mother to youngster through bosom milk.

Plastic moderation requires consideration from a few unique
fields of study. This issue can be pondered through a few
unique focal points: financial matters, nature (the
investigation of organic entities and their relationship to their
actual climate), microbial science (the investigation of living
creatures too little to possibly be noticeable with the unaided
eye), macrobiology (the investigation of enormous living life
forms), sea life science, and natural science. Every one of
these disciplines examines what plastics straightforwardly
mean for what is important to them. For instance, scientists
are keen on what plastic or biodegradable items mean for the
climate and creatures; those in financial matters worry about
how networks are fiscally affected by plastics and reusing
overall (Eriksen et al., 2018). In the ongoing monetary model,
the minimal expense of plastic creation doesn't mirror the
significant expense of reusing or garbage removal as it isn't
borne by the maker or the shopper. Moreover, the way of life
of current cultures isn't steady with a strategy of restricting
the development of plastic waste. For instance, more than half
of the plastics created are single-use or brief (e.g., bundling,
food packs) and just 20% are extensive (e.g., pipes and other
development parts). The excess 30% are halfway life plastics
utilized in gadgets, car or furniture plan. Until now, there are
three choices for plastic toward the finish of'its life cycle: (1)
cremation (the main strategy for complete annihilation)
regardless of recuperation of the energy delivered in power
and intensity; (2) reusing and recuperation of unrefined
substance; (3) and removal in landfills or in the climate.
Altogether, starting around 1950, 79% of the plastics
delivered have been saved in landfills or in the climate.
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II. LITERATURE REVIEW: COMPARATIVE ANALYSIS misinformation detection that is often missing in
Western-centric studies.
The following table provides a comparative summary of c. Feature Fusion for Rich Representation: The
notable prior works in the domain of fake news detection, integration of both syntactic (POS tagging, TF-IDF)
highlighting their methodologies, datasets, performance, and and semantic (BERT embeddings) features
existing research gaps: enhances the model’s capacity to handle complex
textual cues such as sarcasm, irony, or regional
Authors Model Dataset Results | Research dialects
& Year Used (Ayc/;l;r)ac I dgili)ﬁe d. Improved Performance Metrics: The experimental
d results show considerable improvements in
Shu et al. SVM, LIAR 66.7% Limited accurailcy 2'1nd Fl-score over existing .method.s,
(2019) | Decision | Dataset | accuracy | to textual especially in low-resource language settings. This
Trees features, highlights the model’s generalizability and real-
no world applicability.
cogte?gt e. Inclusion of Social Context: Unlike conventional
W TS TTAR 930 moNehng models focused solely on textual analysis, this work
an . 0 . o g
@ 01% (Political accuragy multiling incorporates user metadata and source credibility—
Fact- ual critical elements in understanding the propagation
checking evaluatio dynamics of fake news.
) n
Kaliyar | CNN- | FakeNe | 78.6% | Lack of IV. PURPOSE OF THE STUDY
;.:)glll Iljlsglv(li wsNet | accuracy | Indian A. Plastic- A Boon or Bane
( ) yon COEE)etXt’ Plastic — a boon or bane
robust
for Aspects Author Boon Bane
sarcasm Zhou et al.
Gupta & [ BiLSTM | Custom [ Fl-score [ No Wangetal, | syme actvty, | sl qualt
Kalla Hindi- 82.1% transfer (2022) [16]
(2022) English learning; -Improved soil |\, L of
Fake limited . Zhou et al. catioq exchange physical structure
News feature Impact on Soil (2021) [16] S?Z:Sitcycaa?gon negatively affecting
Dataset diversity content soil properties.
This BiLSTM | English | Accurac | Firstto Horton & | -~ Enthanced soil
Work +BERT | +Hindi | y 89.5%, use Dixon structure and
(2025) (Hybrid) Real- Fl-score hybrid (2018) [18] Z; ztelggs(yl?tems)
world 91.2% model -
! Zhou et al. P ial Th lobal
News with (2021); - Potentia - Threat to globa
Dataset social + Singh & positive effectg on ?errest?lal ecosystems,
. Bh t agricultural soil including
semantic Agriculture and (20a2g2\;] EEI 6] fertility. agroecosystems.
info Ecosystems - Toxicity to plants
Weis (2020) and microbes due to
[19] adsorption of
III. UNIQUE ASPECTS AND CONTRIBUTIONS pollutants.
. . . . Amob - Provid .
a. Hybrid Model Architecture: Unlike prior works that e bior(;)evglr;dsable -%ong-tepm reservoir
. . . ' . t t
utilize either deep learning or transformer models (2021); options that could ?errcgsr;r?g ;r:;]:nu];ic
. . . ) . Weis (2020) | break down in q
independently, this research introduces a unique Environmental | 1, certain conditions. | €cOsYstems.
fusion where BiLSTM is used for feature extraction Contamination Horton & - Persistent
and BERT for contextual understanding and Dixon ?gtcel;r:iltli]:;lg:ological
classification. This combination leads to a more (2018) [18] risks.
robust capture of both sequential and semantic - MPs provide - Adsorption of toxic
: dat Atugoda et | surfaces for substances like
nuances 1 news data. al. (2021); | microbial S ibioties and
b. Multilingual and Indian Context: The proposed Guo & colonization and | g iz creases
: . Wang biofilm formation, | . .
metthology ac'ic'iresses the underexploresi doma{n Aquatic (2019) [23] | which could have | "iSks 0 aquatic
of Indian multilingual fake news detection. It is Ecosystems research benefits, | *T&4MSMS:
tested on both English and Hindi datasets, a Horton & - Facilitates food web
L . . Dixon transfer and
significant step toward inclusive, culturally relevant 2018); bioaccumulation of
i toxins.
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Weis (2020) (2022) [16, environmental
[18] 20] contamination.
- Potential for . Weis - Promotes
Wang ?t al. accelerating - Alters. soil (2020); - Enhances overconsumption;
(2022) properties by
Amob(;n . organic matter affecting microbial Lifestyle Impact Horton & convenience with | dependency on
Bi hemical | et al Y mineralization diversitg and y P Dixon single-use items plastics exacerbates
togeochemica ' under specific Y - (2018) [18, [and packaging. environmental
Effects (2021)b [16] L enzymatic activity.
conditions. 19] damage.
Horton & - Amplifies Amobonve |- Innovations in - Current
Dixon greenhouse gas ctal Y biodegradable biodeeradable ontions
(2018) [18] production. Sustainability 202'1 . plastics and gtl' i It)
~ Awareness about Potential (2021); sustainable are costlier, limiting
. W Weis (2020) . their widespread
Weis MPs fosters - MPs represent a practices can -
. ) . [18, 24] adoption.
. (2020); discussions on global environmental reduce harm.
g(l(l)l?iilof;lamc Campanale | sustainable challenge, leading to
et al. (2020) | alternatives and widespread
[16, 19] reduction contamination. B. Long-Term Microbial Sustainability in Plastic
strategies. Degradation:
- MPs foster . . o .
Guo & microbial - Biofilms on MPs Sustainable long-term implications of hierarchal systems for
L Wang colonization and | enhance adsorption of |  plastic waste management-The interpretation of hierarchical
Microbial (2019); enzymatic toxic substances, systems in plastic management. It is structurally organized
Interactions . activities intensifying their . . : . . :
Weis (2020) | 0ol for ransport and along the lines of producing, using, discarding, and recycling.
(16, 19] biodegradation ecological impact. This is also under the aligned waste hierarchy, which
research. advocates prevention, reduction, reuse, recycling, recovery,
;ingglltwelght, and last disposal. Enduring sustainability runs toward the
CIPET wl;rter%of and | - Non-biodegradable; | lifetime equilibrium of those processes with economic,
(n.d.); insulating; used in | persists in the env1ronmental,.and social ratlonales. Hierarchical systems
Versatility Horton & | diverse environment for can be defined in the context of plastic waste management as
DZlX]"H ) appll(lca_tlons like Cefllltur}es’ causing reducing dependency on landfills and incineration to alternate
(2018) [26] E:;h?lgcgﬁ’ and potlution. sites with innovations such as microbial degradation of
electronics. plastics.[35]
Campanale -S(lliipet(;)ue " ] l S mability i . hical
' ot al. sffordable - Overproduction ) Key Elements of Sustainability in a Hierarchica
fromomic G005 puccheias | et | Sy
. and mechanized Lo .
American ducti single-use plastics. . . . . .
(2009) [22] | Production a) Efficiency of Microbial Processes: Microorganisms
PTOCCSES. Torio addites such as Ideonella sakaiensis may degrade plastics like PET
gprton & |- Ezgenflal fo}i'k (.2, BPA, PVC into simpler molecules. [34] These enzymes, such as PETase,
ixon medical uses like - ’ : : s : :
. 1 M M b
Health 2018) syringes, artificial | SHeMicals) can leach function under specific conditions, making the process highly
Applications | w3 5020y | corneas, and g};(r)ufi?g aﬁﬂfﬁﬁ; efficient but sometimes slow. Thus, research on optimizing
[16,18] capsule coatings. | - %/ c‘; usii ¢ discases such microbial processes is crucial to their long-term
Horton & - Replaced natural | - Burning plastic application. [33]
Dixon materials (e.g., releases harmful b) Cost-Effectiveness: The translation of microbial
Revolutionary | (2018); ivory, rubber), gases like dioxinsand | jegradation from laboratory scales to the industrial level has
Impact Scientific making goods furans, causing g . Y . . .
American | more accessible | respiratory issues and | t© be made economically feasible. This "kind" of technology
(2009) [18] | and affordable. cancer. can well be established in waste management plants; bearing
Campanale |~ Thermoplastics | - Low recycling rates in mind the specific target of difficult-to-recycle plastics, the
ctal Café be fe'lmgl,ted (~101?) due to ngﬁng same is expected to reduce the burden on conventional
o . and recycled into | complexities and the
Recyclability g/gizso()é 020) other products, non-recyclable nature systems. [36] .
[22] reducing new of many plastic ¢) Environmental Balance: Indeed, bacteria that can
plastic production. | products. "eat" plastics would be taken as helpful; however, even
m(;gﬁter‘b;‘ﬁisutgn o | biodegradable ones released into the wild may pose
¥hle X the Gregt Pacific ecological - threats. Therefore, proper containment and
‘ © cerap Garbage Patch; harms | regulation are necessary to ensure environmental
Marine Impact | (2009); - . .
[19,29] ing:slgon/entangleme d) Flexibility and all-round Capability: Microbial
nt. populations that can be capable of adapting to any kind of
The - Plastic bags clog plastic and varied environments (like temperature, pH) are
, Guardian urban drainage responsible for long-term survival.[33]
Drainage Issues | (2008); - systems, causing
Weis (2020) flooding and
[19, 30] waterlogging. .. . . .
Zhou ot al. ~ Complex disposal 2) Application of synthetic biology could improve the
Waste (2021); ) methods and abilities of such organisms.
Management Singh & improper handling
Bhagwat result in
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a) Linking  with  Current Waste  Hierarchies:
Plastic-eating microorganisms will work synergistically to
overcome gaps that exist between mechanical or chemical
recycling (multi-layer plastics) methods. [36]

b) Framework of Circular Economy:
Secondary metabolites like ethylene glycol or terephthalic
acid from the biological processes of plastic can feed back
into manufacture. This opens a possible circular flow.
Lessening any requirement for virgin materials to be
transformed is nourishing natural resources.[34]

3) Challenges to Long-term Sustainability
Slow Degradation: Plastics production exceeds the rate of
degradation of plastics by microorganisms.[33]

a) Environmental Support: The optimal condition for
the activity of the microbes requires a specific temperature
and oxygen level, which is not a possibility in every part.[37]

b) Absence of an Infrastructure Standardized.:
Application in developing countries becomes a Herculean
task without the infrastructures required for waste
management.[36]

4) Long-term Sustainability Solutions

a) Research and Innovation:
Genetic modification of microorganisms for improved plastic
degrading capabilities. Development of hybrid systems that
marry mechanical recycling with microbial degradation. [33]

b) Global Policy Support:
Governments can create policies mandating microbial
degradation for hard-to-recycle plastics. Subsidies and
incentives for industries to adopt biotechnological waste
solutions.[35]

¢) Public Awareness Campaigns:
A campaign in the public eye revolves around the public
educating on the role of microbial degradation and
encouraging the collection of discarded items to reach the
right plastics to appropriate systems.[37].

5) Analysis of Microbial Plastic Degradation:
Efficiency, Integration, and Industry Adoption

a) Quantitative Comparison of  Microbial

Degradation vs. Traditional Methods

Microbial plastic degradation presents a new mode of
processing wastes that could complement the traditional
methods of incineration, mechanical recycling, and landfill
disposal. It's under development about its effectiveness and
scalability. Studies show that it takes 6 weeks to 2 years,
depending on plastic type and environmental conditions, for
microbial degradation, while incineration is nearly instant as
it reduces the waste of plastic materials within a matter of
hours [1][2].

Energy and carbon emissions play a vital part in the actual
differences in these methods. Although burning reduces
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waste volume pretty well, it is costly in energy, using about
30 to 50 MJ for each kilogram of treated plastic and
outputting large amounts of CO: and toxic byproducts
(dioxins, heavy metals, etc.) in the process. Mechanical
recycling requires 2 to 10 MJ per kilogram; thus, it becomes
energy-efficient compared to others, yet the quality of plastic
degrades after several recycling cycles; thus limiting its long-
term sustainability. In comparison, microbial degradation
requires much less energy at between 1.5 to 5 MJ per
kilogram with low carbon footprint of only about 0.5 to 1.2
kg CO2 emitted per ton of plastic degraded [3][4].

b) Microbial Degradation Integration With Existing
Waste Management Chains

Microbial plastic degradation can be a practical solution of a
waste management system if it is actually backed up by
operational hierarchical systems including waste collection,
sorting, treatment, and disposal. This process involves the
pre-treatment phase of the plastic waste by sorting and
processing waste to remove all that may block the action of
microbes, for example, multi-layered plastics that require
specialised microbial strains for degrading different polymer
compositions.

Post-processing thus plays a major role in sustainability, as
the breakdown products of microbial degradation could also
be repurposed into bioplastics, biofuels, or compostable
materials. However, one of the major obstacles to this
technology lies in the scaling of microbial degradation to
industrial applications. Most of the current waste
management systems are not well prepared with the right
bioreactors and treatment plants to carry out large-scale
microbial processing. Further investment in infrastructure
and process optimization is essential to narrow down this

gap[7].

¢) Acceptability of microbial degradation through
controlled laboratory experiments and field trials

In laboratory conditions, the microbial enzymes have
degradation efficiencies ranging from 40% to 80% depending
on the plastic type and microbial strain used. Genetically
engineered strains of Ideonella sakaiensis are an example
because they proved to have more effective enzyme activity,
resulting in improved PET biodegradation than their naturally
occurring strains. Other fungi tested for their ability to
degrade polyurethane and polyethylene included Aspergillus
and Penicillium, which showed promising results for
biodegradation [8][9].

Further affordability is the microbial degradation in
bioreactors for various field trial studies. From large-scale
trials, it has been revealed that 80% of mixed waste plastics
could be degraded in a span of six months under optimized
conditions. There are, however, major hurdles with regard to
the scalability of these processes as degradation varies
significantly with humidity, oxygen and microbial adaptation
towards synthetic polymers, indicating the condition under
which the biodegradation was being carried out [10].

d) Financial Viability and Cost-Benefit
Considerations.

In fact, the financial feasibility of microbial plastic
degradation will depend on investment capital, operation
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costs, and revenue generation from the byproducts obtained.
Microbial degradation systems require huge startup
investments in research, development, and infrastructures
compared to traditional waste disposal systems. Bioreactor
construction, along with strain optimization and processing,
costs between $5,000 and $10,000 per ton of plastic, making
it about five times more expensive than mechanical recycling
($1,000 to $5,000 per ton). It is expensive in terms of
infrastructure ($10,000 to $50,000 per ton processed) but
indigenously profitable through energy recovery generation,
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and
sugarcane
bagasse to
produce
ethanol.[52

]

albeit with significant environmental trade-offs [12].

C. Conversion of Waste Material into a Useful Product

Conversion of Waste Material into a Useful Product
i Examples
Wast.e Conversion End Product | Application and Case
Material method Studi
tudies
- Kyotot
University
Europe
Research
work
recently
Microbial has t}})l;(iven
degradatio
. Ideonella
n using -
bacteria sakaiensis
; can
I delc;]:zlela Biodegrade Usrzi/as degrade
sakaiensis r((i)gz; s materials nﬁi};);ﬁg;g
Plastic or fungi (ep lactic for for
Waste like "(’;' ;:i d bioplastics, reevelin
Aspergillus oth le’ne textiles, roc}:lessef
tubingensis Y adhesives, p )
glycol) | 2nd resins, | - EnZyme-
C ’ based
Enzymatic luti £
breakdown solutions o
of Carbios, a
French
polymers.
company,
for
recycling
PET back
into new
plastic
bottles.[50]
Cow dung
and
agricultural
Anaerobic residues
digestion are
using Renewable | transforme
microbes energy d into
like (biogas for | biogas for
Methanoge Biogas cooking, rural
. ns or £as, heating), | energy use
Agricultur .| organic oy
fermentati fertilizer under the
al Waste compost, .
on for bioethanol for National
biofuel agriculture, Biogas
production. and biofuel | Mission in
Compostin for India. The
g using vehicles. Ethanol
microbial Blending
cultures. Programme
will
ferment
corn husks

Ethanol
production
by
converting
food waste
Fermentat from hotels
ion by into
microbes bioethanol
like U.SGd 35 |is also done
Lactobacill biofuel, | Tamil
Bioethanol, | energy Nad
Food y us,. biogas, source, adu.
spergillus . . Production
Waste or enzymes, industrial of
anaerobic animal feed eHZ)(/)rrnes, industrial
digis;ion feedstock. enfi}]/:’:es
Methanoge protease,
ns. amylase
from waste
bread and
dairy by-
products.[5
7]
-Clean
pyrogas
plant in
Karnataka,
India, to
convert
plastics and
electronic
. wastes into
Pyrfo'YS'S oils. Pilot
or :
rec}overing Pyrqusis Reuse in pr}?;szts
O.lls an.d oil, electronics | carried out
E-Waste ml:::t):ll al I‘fectgrsefiﬁii: manufactur microbial
(Plastics) leaching gold ing, energy leachlng
for silver .':1nd product.lon v
extracting cop;;er. from oils. AClcdiﬁElSOba
precious ferrooxidan
metals. s to allow
recovery of
gold and
silver from
old
electronic
circuit
boards.[53]
-India’s
Gujarat
Enzymatic | Monomers textile hubs
degradatio (like explore
I% using [ terephthalic Rec.ycled enZ}I/)matic
fungi or acid from fabru_:s for treatments
Textile bacteria t lyester) textiles, f
Waste actena to | polyester), compost or.
break down | organic for recycling
S}énthetic cofmpost farming p(zilyester
and natural rom ’ and cotton
fibers. cotton. waste. -
Polyester
degradation
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by
Aspergillus
flavus
research.[5
2]

Waste
Cooking
Oil

Microbial
treatment
using
lipase-
producing
microbes
or chemical
transesterifi
cation.

Biodiesel,
glycerin
(by-
product).

Alternative
fuels for
vehicles,
industrial

use of
glycerin.

- The
Biodiesel
program of
Mumbai
processes
kitchen
waste from
hotels for
biodiesel
production
and
supplies
biodiesel
for
municipal
buses. -
DBT and
Indian Oil
Corporatio
n will
jointly
produce
biodiesel
from used
kitchen
0ils.[52]

Municipal
Solid
Waste

Microbial
compostin
g for
organic
waste,
anaerobic
digestion
for biogas
production.

Organic

compost,

methane
gas.

Used in
agriculture
as
fertilizer,
biogas for
energy
production.

- Pune
Smart City
endeavors

use
microbial
composting
as one of
the
strategies
to recycle
municipal
biodegrada
ble waste. -

Indore
Municipal
Corporatio
n generates

biogas

from
biodegrada
ble waste
to fuel their
city
buses.[54]

Paper
Waste

Microbial
pulping
using fungi
like
Trichoderm
a reesei or
anaerobic
digestion
for
methane.

Recycled

paper pulp,
biogas.

Paper
manufactur
ing,
renewable
energy.

- The
Microbial
Pulps IIT, a
division of
ITC
Paperboard
s and
Specialty
Papers in
India, uses
microbial
pulping in
recycling
paper. -
Methane
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recovery
from
wastepaper
treatment
plants in
Tamil
Nadu,
India.[57]

Medical
Waste
(Plastics)

Pyrolysis
and
microbial
degradation
of synthetic
medical
plastics.

Pyrolysis
oil,
recyclable
polymers.

Energy
production,
raw
materials
for
industry.

- Pyrolysis
plants fuel
from
plastics of
medical
wastes in
Hyderabad.
- The
studies of
Pseudomon
as putida
degrading
polystyrene
used in
medical
syringes
and
packing.[5
9]

Rubber
Waste

Devulcaniz
ation using
microbial
enzymes or
chemical
processes.

Recycled
rubber,
oils.

Manufactur
ing tires,
mats, and

playground
surfaces.

- IIT Delhi
investigate
d microbial
degradation
of natural
rubber into
areuse
material. -
Devulcaniz
ed rubber is
being
processed
for
manufactur
ing new
tyres at tire
recycling
units in
Mabharashtr
a.[51]

Glass
Waste

Crushing
and
melting or
microbial
silica
extraction.

Recycled
glass, silica
nanoparticl

es.

Reused in
glass
manufactur
ing,
constructio
n materials.

- Glass
waste is
recycled
into
constructio
n-grade
glass fibers
in Gujarat.
- Silica
extracted
from glass
waste has
different
electronics
application
s.[53]

V. VISION LONG-TERM:

Conversion of waste into valuable material will transform

radically the thinking of society regarding waste.
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Waste management becomes an important social dimension
as much as waste becomes valuable resources. By adopting
waste into a resource instead of a heavier load for society to
lift, humanity can very well lessen environmental pollution,
conserve its natural endowments, and create greater
opportunities economically. This gem is also quite
complementary to worldwide goals of sustainability,
including from the Sustainable Development Goals (SDGs)
of the United Nations.

Solutions that could deliver much for a country as peculiar as
India that has a growing population and increasing waste
problems could be microbial technology, engaging public-
private partnerships, and creating a strong policy framework.
However, they would be easy to apply in effective ways
within the domain of sustainable waste management
policy.[58]

VI. CONCLUSION

In the global effort to combat environmental degradation,
resource scarcity, and the broader effects of climate change,
the transformation of waste into valuable resources has
emerged as a crucial strategy. The combination of cutting-
edge technological innovations in waste management with
microbial processes is one of the most promising solutions. A
biologically sustainable approach to reducing plastic
pollution is provided by microorganisms like Ideonella
sakaiensis, which can break down traditionally non-
biodegradable plastics. Similarly, technologies like anaerobic
digestion of agricultural residues enable the generation of
renewable energy while managing organic waste. Together,
these strategies present environmentally friendly, scalable,
and practical routes to a circular economy and cleaner future.
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