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Abstract

3(DVILF SRUXILRQ SDUILFXIDUWN IIRP QRQ EIRGHIUDGDEMH SIDVILFV SRVHV VLJQL; FDQI FKDXIHQJHV IR ZDWWH PDQDJIHPHQI
DQG UHQHZDEN HQHUJI\ SURGXFILRQ 7KLV FRPSUHKHQVLYH PHID DQDO\VLV LQYHVILIDIHV KH LPSDFI Rl QRQ ELIRGHJIUDGDEH
SIDVILF FRQIDPLQDILRQ RQ PHIKDQH SURGXFILRQ LQ DQDHURELF GLJHVILRQ $* VAVIHPV %\ VAQIKHVL]LQJ GDID IRP PXIILSIH
VIXGLHV IIKH DQDINVLV UHYHDOV KD QRQ ELRGHJUDGDEIH SIDVILFV FDQ VLIQL, FDQIN\ UHGXFH PHIKDQH \HIGV ZUiIK GHFUHDVHY
RI XS IR REVHUYHG 7KH SUHVHQFH RI IKHVH SIDVILFV LQIHUIHUHV ZLIK PLFURELD) DFILYLIN ERIK SK\VLFDIN\ REVIUXFILQJ
PLFURELD) SURFHVVHV DQG LQKLELILQJ NH\ PHIKDQRJIHQLF PLFUIRRUIDQLVPV $GGUILRQDIN IKH IUDJPHQIDILRQ RI SIDVILFV LQIR
PLFURSIDVILFV H[DFHUEDIHV IKHVH H HFIV IXWKHU GLVUXSILQJ $* H FHQF\ 9DUDILRQV LQ LPSDFI ZHUH QRIHG EDVHG RQ
SIDVILF INSH ZUIK VRPH SIDVILFV FDXVLQJ JUHDIHU GLVUXSILRQV IKDQ RIKHWV 7KH ¢QGLQJIV XQGHUVFRUH IKH QHHG IRULPSURYHG
ZDVIH VHSDUDILRQ SUDFILFHV IKH GHYHIRSPHQ! RI ELRGHIUDGDE(H DOHUQDILYHV DQG #KH RSILPL]DILRQ RI $* VAWHPV IR
DGGUHVV SIDVILF FRQIDPLQDILRQ 7KLV UHVHDUFK KLIKILIKIV FULILFD) DUHDV IRU LQIHUYHQILRQ IR HQKDQFH IKH VXVIDLQDELILIN DQG
H FLHQF\ RI EIRIDV SURGXFILRQ LQ IKH IDFH RI LQFUHDVLQJ SIDVILF ZDVIiH
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Introduction

Plastic pollution has rapidly become one of the most pressing
environmental challenges of our time, posing signi cant threats to
ecosystems, wildlife, and human health. Among the myriad forms of
plastic waste, non-biodegradable plastics are especially problematic
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conditions, and inconsistent methodologies. e meta-analysis on non-
biodegradable plastics and anaerobic digestion involved a thorough
review of studies that investigated the interaction between plastics and
the methane production process.  ese studies included laboratory-
scale experiments, pilot-scale trials, and full-scale AD systems, each
providing valuable data on how di erent types of plastics in uence
biogas yields [10].

Key ndings of the meta-analysis

e meta-analysis revealed several important insights regarding
the relationship between non-biodegradable plastics and methane
production in anaerobic digestion systems:

Reduced methane yields: One of the most consistent ndings
across the analyzed studies was a reduction in methane yields when
non-biodegradable plastics were present in the digester. e degree of
reduction varied depending on the type and concentration of plastic,
as well as the speci c¢ conditions of the AD system. In some cases,
methane production decreased by as much as 20-30%, highlighting a
signi cant loss in biogas generation e ciency.

Physical interference with microbial activity: Non-biodegradable
plastics were found to physically interfere with the microbial processes
essential for anaerobic digestion. Plastics can obstruct the surface
area available for microbial attachment and hinder the mass transfer
of substrates, reducing the e ciency of organic matter breakdown.

is physical interference disrupts the delicate balance of microbial
communities and slows down the overall digestion process.

Inhibition of key microorganisms: Certain studies reported
that non-biodegradable plastics can inhibit the growth and activity
of speci ¢ microbial populations, particularly methanogens—the
microorganisms responsible for producing methane. e accumulation
of plastic particles within the digester can create unfavorable conditions
for these microbes, leading to reduced methane production rates.

Microplastic fragmentation: Over time, non-biodegradable
plastics can fragment into smaller particles, known as microplastics,
within the anaerobic digestion system. Microplastics have been shown
to exacerbate the negative e ects on methane production by further
interfering with microbial processes and increasing the surface area for
microbial attachment, which can clog pores and reduce gas ow.

Variability in plastic types: e type of plastic present in the
digester plays a critical role in determining its impact on methane
production. For example, polyethylene and polypropylene tend to have
less severe e ects on methane yields compared to polyvinyl chloride
and polystyrene, which are more resistant to degradation and can

cause greater disruption to microbial activity. e speci ¢ chemical
composition and structural properties of each plastic type in uence its
interactions with the AD process.

Operational and design considerations: e meta-analysis also
highlighted the importance of AD system design and operational
parameters in mitigating the negative e ects of non-biodegradable
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