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Abstract

The increased use of carbon fiber composite (CFC) materials in
various industries has stirred environmental worries regarding
their disposal, necessitating the development of efficient recycling
technologies. The study explores the development of CFC
recycling with Egypt as a case study to assess the opportunities
and challenges of embracing sustainable waste management.
Egypt's growing industrialization and commitment to
sustainability highlight the need for cutting-edge recycling
approaches aligned with the concepts of circular economy. The
article addresses several recycling technologies including
pyrolysis, catalyst-supported recovery, and biodegradation, with
an emphasis on their applicability in Egypt's environmental and
industrial context. It also addresses waste handling attitudes,
policy, and the application of artificial intelligence (Al) and
machine learning (ML) in optimizing recycling efficiency. Results
indicate that while Egypt has made some progress in waste
management initiatives, investment in advanced recycling
facilities, policy reform, and public awareness-raising campaigns
is of the highest priority. The study recommends the adoption of
Al-powered waste sorting technologies, increased government-
industry collaboration, and the expansion of recycled carbon fiber
applications in construction, transportation, and renewable energy
industries. By integrating eco-friendly recycling technologies into
Egypt's economic and environmental strategies, the country will
be in a position to enhance resource efficiency, prevent
environmental deterioration, and contribute towards fostering
global sustainability.

Keywords: Carbon Fiber Recycling, Circular Economy, Waste
Management, Sustainable Technologies, Egypt.

- Lecturer — College of Management & Technology (Cairo) Arab Academy for Science,
Technology & Maritime Transport.

2025 A 3l - 39 daal Ay ) il g 5 gl Aalall Alanal
1695



Al-Driven Optimization of Food Waste Recycling in Egypt:
Enhancing Circular Economy Strategies through Machine Learning
and Automation

Jajad :gsujam'ﬂ S ddai) g alﬂd\ bl gl 3ale) Cppmal
¥y M) abaill A (e A SLaBY) Ciliadi i
gdla

alide 3 (CFC) Ayl sl Gl sl wljial) aladsa) (s
Gl ek i Lee clgie paldill olis ddn Gaglae 3B ) clelial
ASyall OenSll Gl g sale) elat Auhall s CaiSin (Allad ey sale)
Bl iy dadjll Chaailly el apil Als LS jae Lo S5 aa
lalilly ymn A oliiall mieatl) o egall dahall Lals L clall Aol ticse
palie aa AL Byoliia et Bale] cullal 5 ety le dalma¥l
il @y 3 Ly ool BaleY s s Jhd) (8l gl Loyl
S o S e aslonll dlailly cclinally aseaddl A2y (gl
Gl e daladl) Cilg Joliy LS L ymn b delically diall Lgieedle
Bale] 8elS Gt 3 (ML) V1 alelly (Al) elidaial) olSH) o5 cilubandly
Bl sl b pdl) Gl Shal e ai ) o ail ) @l ads . gl
el chadiiall puenl) sale) G B LR O eae B oLl
el Aahll asi ol Chigldl add dalall dcgl) Clleay cilubid)
e lially LasSall o (pslaill Balijy ¢ el oIS o AN Sl il
aslally Jally bl clela & laygsi sleall (oSl G aladin) aaugi
Gladliay) & Al ddnall peal) sale] Gl med P ey 32235
Dlsall 3ol (ranty g ey gy (A Dl S ¢ peaal dhadly ol
gallall Al 555 & dadlesally ¢ Sl ol aiag

bl slal eyl alai@BY) (el Gl am sale) daalidall cilalsl)
o yan (Aaldicedd) bzl

2025 A 3l - 39 daal Ay ) il g 5 gl Aalall Alanal
1696



Hanan Alaa Eldin Abdel Sadek Gaffar

1. Introduction

Food waste is an urgent global problem, with a estimated
1.3 billion tons of waste annually, contributing significantly to
environmental pollution, greenhouse gas emission, and resource
depletion (United Nations Environment Programme, 2024). The
inefficiency of traditional waste management systems in
collection, sorting, and processing further exacerbates the issue,
demanding innovative and data-driven solutions.

Artificial Intelligence (Al) has been a transformative tool
in optimizing food waste recycling and valorization processes
(Onyeaka et al., 2024). By using machine learning, deep
learning, and automation, Al-based systems can enhance waste
classification, bioconversion efficiency, and supply chain
logistics, following the guidelines of the circular economy
(Simranjeet, 2025; Fang et al., 2023; Lotchi, 2024). Despite the
development of the technological side of Al-based waste
management, its economic feasibility and financial returns on
such practices have been largely unexplored.

This study aims to address this gap by investigating the
use of Al and Internet of Things (loT) technologies for
recycling food waste in Egypt. It aims to develop predictive
analytics models, automated sorting, and process optimization
systems that can enhance sustainability while offering
economic advantages to municipalities and industries. By
ascertaining the impact of Al-driven recycling programs, this
research contributes to environmental sustainability, in addition
to the economic viability of waste management practices,
paving the way for waste reduction processes that are not only
more efficient but also scalable in Egypt.

2. Literature Review

The mass application of carbon fiber composite (CFC)
materials in various industries calls for the development of
efficient recycling technology. Interest worldwide in circular
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economy values and protecting the environment has catalyzed
extensive research in recycling technology of CFC. Extant
studies have examined recycling technology development
trends, bibliometric study, and the future trends of research,
showing the increased importance of managing green carbon
fiber waste.

A bibliometric analysis by Guo et al. (2025) examined
5,979 articles published between the period 2000 and 2023,
which reflected significant growth in the research dedicated to
recycling carbon fibers in an environmentally friendly way. The
review identified that pyrolysis was the dominant recycling
technology but noted that advancements in scalability and
material quality would be necessary to enhance its performance.

Following this, Huang et al. (2025) introduced a Ni—
Pd/CeO2 catalyst for selective hydrogenolysis that enables
efficient carbon and glass fiber recovery from epoxy
composites without degrading their structural properties. This
work is a significant step toward more efficient and sustainable
recycling. Further, Xiao et al. (2025) researched lysosome-
targeting peptides to degrade proteins in biomedical
applications and suggested potential findings into novel
material recovery strategies pertaining to carbon fiber recycling.
Similarly, Dhairiyasamy and Gabiriel (2025) examined green
mobility solutions within India's electric vehicle sector, linking
carbon fiber recycling to supply chain sustainability as a
measure against environmental impacts.

Aside from technology advancements, behavioral studies
have provided insights into optimizing waste management
systems for carbon fiber composites. Mhaddolkar et al. (2025)
also investigated waste sorting behavior in Spain and Austria
and concluded that recycling efficiency is influenced by
education, habits, and beliefs. Agwe et al. (2025) further
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highlighted the variation in seasonal waste composition in
Uganda, finding increased plastic content during the rainy
season and proposing the optimization of recycling processes.
These findings bring to the forefront the importance of public
sensitization and waste management practices towards
optimizing recycling efficiency.

Recovered carbon fibers have demonstrated vast
potential towards application in various industries. Rohit and
Chandrasekhar (2025) investigated mechanical trade-offs on
geopolymer mortars based on slag with recyclable fine
aggregates, demonstrating feasible applications of green
construction. Wang et al. (2025) explored applying lignin-
asphalt as an eco-friendly blend for carbon storage, noting that
it has the potential to abate climatic impacts in maximized
pavement life. Moreover, Viswanathan et al. (2025)
demonstrated that carbon nanoparticles derived from banana
peel waste can be applied to enhance plant growth and
chlorophyll levels to support sustainable agriculture. For
environmental monitoring, Zheng et al. (2025) designed a
flexible SERS sensor for pesticide residue monitoring,
incorporating recyclability into advanced food safety
monitoring systems.

The integration of carbon fiber recycling into large waste
management systems aligns with circular economy principles,
promoting resource efficiency and sustainability. Optimizing
supply chain resilience for food waste management was
promoted by Zhao et al. (2025), and An et al. (2025) proposed
valorizing food waste using plant ash and biochar as sustainable
use of resources. Besides, innovation in sustainable packaging
(Zhang et al., 2025; Ma et al., 2025) and novel bio-based
materials (Deshmukh et al., 2025) exhibit the potential of
integrating carbon fiber recycling with other novel
sustainability initiatives.
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As carbon fiber composite waste is increasingly
produced, there is a need for green recycling practices in order
to decrease environmental impact. Synthesizing carbon fiber
recycling with the principles of circular economy can make
resources more efficient and supply chains more sustainable.
Emerging chemical, biological, and new recycling strategies
offer promising new avenues to the traditional pyrolysis
pathway, which are worth further research. Moreover, insights
into the influences on recycling efficiency can optimize carbon
fiber composite waste management systems. The application of
recycled carbon fibers in construction, infrastructure,
agriculture, and the environment also further highlights the
necessity for scalable and efficient recycling methods.

Furthermore, Liu et al. (2025) explores solvothermal
liquefaction (STL) of kitchen waste to produce bio-oil using Fe-
Ni bimetallic catalysts and recycled ethanol. The catalytic
process significantly enhances hydrocarbon and ester yields,
improving bio-oil quality while reducing nitrogen and sulfur
content. The research also highlights the economic and
environmental advantages of STL, providing valuable insights
for optimizing bio-oil production technologies. On the other
hand, Gritsch et al. (2025) investigates the quantity and quality
of paper-based packaging in municipal solid waste (MSW) and
separate paper collection (SPC) in Vienna. By manual sorting,
it identifies opportunities to enhance recycling rates and
emphasizes the need for improved consumer communication
and disposal methods to increase the recycling of paper
packaging, particularly low-contamination streams like dry
food packaging. In addition, Im et al. (2025) focuses on
recovering short-chain fatty acids (SCFAs) from food waste
condensate using supported liquid membrane contactors. It
demonstrates high recovery efficiency, particularly for butyric
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acid, using trioctylamine (TOA) membranes. The study
introduces real-time wettability monitoring and highlights the
potential of modified membranes for long-term SCFA recovery
applications, supporting sustainable waste recycling and
bioenergy production.

The challenges of the research are met here by applying
artificial intelligence (Al) and machine learning (ML) to
improve food waste recycling and supply chain optimization.
Specifically, the objectives of this research are to develop Al-
predictive models for food waste generation and supply chain
optimization, utilize machine learning algorithms for automated
sorting and classification of food waste, and enhance
bioconversion processes such as composting and anaerobic
digestion through Al-assisted monitoring systems. Secondly,
this study seeks to integrate 10T sensors with Al models for
real-time adaptive control of waste processing machinery and
assess the economic impacts of Al-automated food waste
recycling, including cost reduction, efficiency gains, and
profitability for business and municipalities.

The present research contributes to the development of
sustainable  recycling  technologies, improved waste
management technologies, and enabling the integration of the
circular economy in carbon fiber recycling. Greater research
into new recycling technologies and artificial intelligence-based
waste management technologies will be crucial to long-term
environmental sustainability and industrial performance.

3. Methodology

This study employs a qualitative approach. Primary data
will be collected through semi-structured interviews with waste
management official in Egypt. The interview will provide
qualitative insights into the challenges, feasibility, and impact
of Al-driven food waste recycling in Egypt.
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4. Results and Analysis

The interview findings provide a good understanding of
the current situation with food recycling in Egypt, what
challenges are to come, and how Al technologies can contribute
to improved waste management. The interviewees highlighted
that food recycling in Egypt today lacks proper infrastructure,
no government incentives, and reliance on the informal waste
collection system, particularly the Zabbaleen. Despite the use of
such traditional waste collectors, their work remains largely
manual and without any technological support. Public
education concerning food waste recycling is also limited, with
households contributing little towards sorting and recycling
efforts.

The efficiency and viability of current food waste
recycling mechanisms in Egypt are still low. Most of the food
waste ends up in landfills, and as a result, the environment is
degraded. Although some companies have the practice of
composting and biogas production, these activities are mostly
on a small scale. The informal sector, despite having a huge
network, is not endowed with high-technology devices that can
optimize  efficiency and sustainability.  Interviewees
hypothesized that Al can revolutionize food waste recycling
operations by optimizing waste segregation, optimizing
collection routes, and enabling resource recovery. Al-based
waste sorting through computer vision would improve the
accuracy of classification, while predictive analytics would
enhance collection efficiency by forecasting peak waste
seasons, particularly during periods like Ramadan.

IoT sensors, machine learning software, and automated
sorting technology were among the Al tools cited as holding
significant promise in improving waste classification and
valorization. Restaurant and supermarket loT-enabled sensors
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can track food waste levels in real-time, and predictive analytics
can optimize waste processing and collection routes. However,
Al deployment for food waste management is hindered by a
number of constraints including high initial investment costs,
the unavailability of historical data needed to train Al models,
and resistance from the informal waste industry, which may
view automation as a threat to traditional livelihoods.

Predictive analytics was also considered an important
tool in optimizing food waste collection and recycling by
predicting trends in waste generation, geo-mapping areas of
high-waste generation in urban centers, and suggesting ideal bin
placement. An Al-based waste sorting platform should target
low-cost automation to complement manual sorting by the
Zabbaleen with image recognition built-in to distinguish
between organic and inorganic materials. Mobile applications
also could encourage businesses and residences to sort waste,
optimizing overall efficiency.

The interview respondents generally agreed that Al-
assisted auto-classification programs have an advantage over
traditional sorting methods due to being quicker and accurate.
They still recognized the capability of Egypt's informal
recycling sectors and proposed integrating a hybrid system that
involves human sorting supported by Al. Among the available
bioconversion processes, anaerobic digestion for the generation
of biogas, black soldier fly production for animal feed, and
composting for fertilizer manufacture were identified as the
most promising. Al would enable enhancing these processes
through monitoring of bacterial performance in biogas plants,
predicting optimal conditions for composting, and regulation of
inputs to achieve maximum energy outputs.
0T sensor-based monitoring was considered to be at the core of
optimization of processes in real time. Temperature and
humidity sensors could optimize composting conditions, smart
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bins could alert waste collection firms when full, and biogas
plant sensors can regulate inputs for optimal energy output. The
feasibility of Al-powered food waste recycling in Egypt was
analyzed on the basis of potential cost reduction with optimized
collection, income from sale of biogas and compost, and
potential introduction of government incentives on Al-affected
wastes.

Cost drivers for the implementation of Al-based waste
management systems included equipment expenses for sorting
machinery and loT sensors, software coding for machine
learning algorithms, training costs for waste management staff,
and ongoing data collection and maintenance. Promoting Al use
was proposed by policy measures like tax relief for
organizations employing Al-based waste recycling, government
subsidies for pilot projects, and education programs for citizens.
Al technologies were also considered to facilitate carbon
footprint reduction and promote circular economy objectives
through enhanced material recovery, optimized waste logistics,
and making biogas production from renewable energy sources
possible.

Critical success factors for an Al-based food waste
recycling program in Egypt included effective cooperation
between the government and private sector, tapping the
informal waste sector, and scalability of the program across
different urban contexts. The scalability of the Al model varied
depending on the location, with great potential in major cities
such as Cairo and Alexandria due to their infrastructure and
amount of waste, moderate in tourist areas such as Sharm El-
Sheikh and Luxor, and slow adoption in rural areas due to a
lack of Al infrastructure and less production of waste.

Future Al applications for waste management in Egypt
will probably include more Al-based sorting of waste in smart
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cities, more use of Al-optimized biogas plants, and more I0T-
based waste monitoring in malls, universities, and hotels. These
findings indicate that Al has the potential to transform food
waste recycling in Egypt but will have to overcome financial,
logistical, and social hurdles through strategic policy
interventions and stakeholder collaboration.
5. Discussion

The findings of this study are in line with the existing
literature on the increasing importance of carbon fiber
composite (CFC) recycling and advances in recycling
technologies. According to Guo et al. (2025), the trend in
research on CFC recycling has grown significantly, with major
focus on pyrolysis as the most dominant process. This is
consistent with the conclusions of this research, which point
towards the necessity for recycling scalability and material
quality improvement. Huang et al.'s (2025) research on the
development of a Ni-Pd/CeO2 catalyst for selective
hydrogenolysis also works towards the further pursuit of more
efficient and sustainable recycling technology, which is also
what the present study's emphasis on optimizing recycling
processes for improved material recovery points towards.

The coupling of biological means, as in the work by Xiao
et al. (2025) through lysosome-targeting peptides, indicates a
new direction for the degradation of CFCs, which may
complement conventional pyrolysis methods. This integration
of chemical and biological means is reflected in this study, as
well, through the call to extend research on alternative recycling
approaches beyond pyrolysis. Moreover, the link between
recycling carbon fiber and sustainable supply chains, as per
Dhairiyasamy and Gabiriel (2025), further supports the
argument that CFC recycling must be examined not just
technologically but also in the broader context of supply chain
sustainability. The results of this study also highlight the role of
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CFC recycling in reducing environmental impact and
improving resource efficiency, a consideration relevant for the
use of recycled products in various industries.

Behavioral predictors of recycling effectiveness, studied
by Mhaddolkar et al. (2025) and Agwe et al. (2025), present
valuable insights into how to improve waste management to the
maximum. These studies cite that education, consciousness, and
seasonal variations in waste composition influence recycling
performance, a factor supporting the need for public
sensitization and enhanced waste-sorting technology
highlighted in this study. The need to balance public awareness
campaigns with recycling technology enhancement is crucial to
the effectiveness of waste management policies. Moreover,
Agwe et al. (2025) results regarding optimizing recycling
activities in line with seasonal changes of waste ensure that
responsive and dynamic recycling frameworks are needed, a
matter directly pertinent to the concern of supply chain
resilience and responsiveness addressed in this study.
Applications of recycled carbon fibers in all fields, as
demonstrated by Rohit and Chandrasekhar (2025) in sustainable
building, Wang et al. (2025) in sustainable asphalt mixing, and
Viswanathan et al. (2025) in agricultural enhancement, also
highlight the broad applicability of the by-products. These
studies give credence to the argument that recycling reclaimed
carbon fibers for application in industries other than the
traditional composites, such as construction and agriculture, can
contribute to scaling up efforts towards sustainability. This
aligns with the assertions of the present study, which highlight
the importance of scaling up CFC recycling technologies to as
broad an application as possible across industries.

At a larger circular economy level, Zhao et al. (2025) and
An et al. (2025) emphasize the integration of waste valorization
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practices into resource management. Their research corresponds
with the current study's emphasis on integrating carbon fiber
recycling into circular economy practice. Similarly, Zhang et al.
(2025), Ma et al. (2025), and Deshmukh et al. (2025) bio-based
material developments also reflect the growing trend towards
sustainable material development, in favor of the argument that
recycled carbon fibers should be put into a general
sustainability framework and not evaluated separately.

Continuing to push the boundaries of sustainability, Liu
et al. (2025) investigates solvothermal liquefaction (STL) for
the production of bio-oil, and Gritsch et al. (2025) examines
enhancing paper-based packaging recycling efficiency. These
investigations emphasize the complexity of recycling and waste
management, lending credence to the argument that
interdisciplinary solutions are required to maximize recycling
results. Im et al. (2025) adds to the same by demonstrating
successful recovery of short-chain fatty acids from food waste,
illustrating another new line of waste-to-resource conversion.
Implications of these studies indicate the benefit of recycling
CFC using learnings from the cross-industry in adopting
advanced catalytic processes as well as optimization of
recovery methods.

Thus the implementation of artificial intelligence (Al)
and machine learning (ML) technology in waste handling,
which was covered by this study, also aligns with emerging
studies focusing on Al-dependent waste treatment and supply
chain improvements. The objective of designing Al-predictive
models, robotically optimized sortation technologies, and Al-
simplified bioconversion processes also runs in concurrence
with contemporary technoscientific progress. Such uses of Al
with loT-based adaptive control systems are an example of the
trend toward more efficient, cost-effective, and intelligent
recycling systems. Financial advantages of Al-based recycling
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in terms of cost reduction and improvement in efficiency are an
indication of its capability to revolutionize waste management
and sustainability programs.

6. Conclusion

The study highlights the growing significance of
recycling carbon fiber composite (CFC) materials in developing
circular economy and sustainability principles in Egypt. The
increasing global production and use of CFC materials require
efficient and scalable recycling mechanisms to minimize
environmental impact and maximize resource use efficiency.
The literature review captures significant advancements in the
process of recycling, including pyrolysis, catalytic
hydrogenolysis, and biological degradation, presenting varying
degrees of efficiency and sustainability. Furthermore,
behavioral studies place emphasis on public education of waste
sorting and awareness for increasing recycling rates.

Further, applications of recovered carbon fibers in
construction  building, green  farming, environmental
monitoring, and industrial processing indicate a strong potential
for implementing recycled materials in industries. The
incorporation of machine learning and Al into waste
management and supply chain optimization offers new
opportunities for enhancing recycling efficiency, reducing
costs, and facilitating large-scale usage. However, scalability,
cost-effectiveness, and achieving consistent material quality
from recycled fibers are concerns in Egypt at present.

The work contributes to developing sustainable recycling
technology by integrating frontier —material recovery
methodology, Al-related waste management technology, and
principles of circular economies. For industry and
environmental long-term sustainability, increased research work
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and policy directions are needed towards improving recycling
efficacy, developing advanced technologies, and raising public
interest in waste handling n Egypt.

7. Recommendations

It is important to work beyond traditional recycling
approaches to enhance the sustainability and effectiveness of
carbon fiber composite (CFC) recycling in Egypt. To achieve
this, innovative methods such as enzymatic degradation and
solvothermal liguefaction must be investigated since they are
capable of maximizing material recovery at low environmental
impacts. Additionally, the development of catalyst-based
recycling technologies can maintain the structural integrity of
recycled carbon fibers, making them suitable for high-value
applications across industries. Investment in new recycling
technologies will yield more sustainable and scalable solutions
aligned with circular economy principles.

Enhancing supply chain and waste management systems
IS another aspect that requires improvement. The application of
machine learning and artificial intelligence-based forecasting
models for sorting, grading, and treatment of waste can lead to
a much better recycling outcome by enhancing efficiency and
reducing operation costs. loT sensors' utilization for the
implementation of real-time monitoring systems will also
enhance adaptive control of recycling and waste management
plants with consistent quality and performance in material
recovery. They will enable companies to build more robust and
intelligent waste management procedures that maximize the
utilization of resources.

Collaboration between policymakers, industries, and
research institutions in Egypt is essential in driving sustainable
recycling. Policymakers need to put in place policies and
regulations that facilitate sustainable waste management and
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proper carbon fiber waste disposal. Industry stakeholders need
to Dbe actively involved in research funding, strategic
partnerships, and the creation and application of scalable
recycling innovations. Encouraging cross-industry collaboration
will accelerate the commercialization of new recycling
technologies and promote a more circular and sustainable
industrial system.

Public awareness and education are also highly critical in
rationalizing waste management systems. Initiatives to generate
awareness regarding enhanced waste sorting habits and higher
participation in carbon fiber recycling initiatives must be
undertaken. Training and education on sustainable waste
management strategies should be offered at consumer as well as
industrial levels to induce permanent behavioral modifications.
Raising awareness and levels of participation by people and
organizations will make individuals and businesses more likely
to accept sustainable waste disposal practices, ultimately
enabling the successful operation of recycling programs.

Diversifying usage for recycled carbon fibers can be a
driving factor in demand, and encouraging economic viability
for recycling programs. Recycling carbon fibers gathered
should be constructed for infrastructure usage, renewable
power, and ecologically friendly packages so that these are
utilized and the use of virgin materials minimized. Industries
must integrate recycled carbon fibers into green construction,
transportation, and environmental monitoring initiatives so that
recycled products are wused effectively in high-impact
applications. By building markets and driving innovation, the
application of recycled carbon fibers can be mainstreamed into
other sectors, stimulating economic development and
environmental sustainability.

2025 A 3l - 39 daal Ay ) il g 5 gl Aalall Alanal
1710



Hanan Alaa Eldin Abdel Sadek Gaffar

8.

References

Agwe, T., Twesigye-omwe, P., Ukundimana, A., Rotimi, O., &
Gupta, V. (2025). Effects of seasonal variations of the physio-
chemical properties of municipal solid waste on effective materials
and resources recovery. Environmental Sustainability Journal,
18(3), 245-262.

An, L., Zhang, X., Lu, J., Wan, J., & Liu, Y. (2025). Valorization
of food waste to biofertilizer and carbon source for denitrification
with assistance of plant ash and biochar toward zero solid
discharge. Bioresource Technology, 420, Article ID 132119.
https://doi.org/10.1016/j.biortech.2025.132119

Arcega, R.D., Chih, P.-S., Hsu, P.-C., Chang, W.-H., Chen, R.-J.,
Mahmudiono, T., Lee, C.-C., & Chen, H.-L. (2025). Toxicity
evaluation and prioritization of recycled plastic food contact
materials using in silico tools. Journal of Hazardous Materials,
488, Article ID 137467.
https://doi.org/10.1016/j.jhazmat.2025.137467

Benjamin-Neelon, S.E., Ruffin, M., Grossman, E.R., Lucas, S.A.,
Marx, K., Neelon, B., & Greenthal, E. (2025). Do US-based
university pouring rights contracts with beverage companies
include provisions that promote environmental sustainability?
Preventive Medicine Reports, 51, Article ID 103001.
https://doi.org/10.1016/j.pmedr.2025.103001

Cai, P., & Dimopoulos, G. (2025). Microbial biopesticides: A one
health perspective on benefits and risks. One Health, 20, Article
ID 100962. https://doi.org/10.1016/j.onehlt.2024.100962

Carpanez, T.G., Carvalho de Lima e Silva, N., Amaral, M.C.S., &
Moreira, V.R. (2025). Reuse of wastewater and biosolids in soil
conditioning:  Potentialities, contamination, technologies for
wastewater pre-treatment and opportunities for land restoration.
Chemosphere, 373, Article ID 144185.
https://doi.org/10.1016/j.chemosphere.2025.144185

2025 A 3l - 39 daal Ay ) il g 5 gl Aalall Alanal
1711


https://www.google.com/search?q=https://www.google.com/search%3Fq%3Dhttps://doi.org/10.1016/j.biortech.2025.132119
https://www.google.com/search?q=https://www.google.com/search%3Fq%3Dhttps://doi.org/10.1016/j.jhazmat.2025.137467
https://www.google.com/search?q=https://www.google.com/search%3Fq%3Dhttps://doi.org/10.1016/j.pmedr.2025.103001
https://www.google.com/search?q=https://www.google.com/search%3Fq%3Dhttps://doi.org/10.1016/j.onehlt.2024.100962
https://www.google.com/search?q=https://doi.org/10.1016/j.chemosphere.2025.144185

Al-Driven Optimization of Food Waste Recycling in Egypt:
Enhancing Circular Economy Strategies through Machine Learning
and Automation

7.

10.

11.

12.

13.

Chen, G., Wang, L., Liu, H., Wang, L., Yu, C., & Li, H. (2025).
Effective detection of kanamycin residues by target recycling-
based enzyme-free signal dual amplification electrochemical
aptasensor. Sensors and Actuators B: Chemical, 430, Article ID
137365. https://doi.org/10.1016/j.snb.2025.137365

Chuakham, S., Putkham, A.l., Chaiyachet, Y., Saengprajak, A.,
Banlue, K., Tanpaiboonkul, N., & Putkham, A. (2025). Scalable
production of bio-calcium oxide via thermal decomposition of
solid hatchery waste in a laboratory-scale rotary kiln. Scientific
Reports, 15(1), Article ID 865. https://doi.org/10.1038/s41598-
024-84889-w

Deshmukh, R.K., Tripathi, S., Bisht, S., Kumar, P., Patil, T.D., &
Gaikwad, K.K. (2025). Mucilage-based composites films and
coatings for food packaging application: A review. International
Journal of Biological Macromolecules, 300, Article ID 140276.
https://doi.org/10.1016/j.ijbiomac.2025.140276

Dhairiyasamy, K., & Gabiriel, S. (2025). Advancements in
sustainable mobility: The role of domestic production in India's EV
sector. Journal of Sustainable Transportation, 12(3), 245-260.

Fang, B., Yu, J,, Chen, Z., Osman, A. I., Farghali, M., lhara, 1.,
Hamza, E. H., Rooney, D. W., & Yap, P.-S. (2023). Atrtificial
intelligence for waste management in smart cities: A review.
Environmental  Chemistry  Letters, 21, 1959-19809.
https://doi.org/10.1007/s10311-023-01604-3

Gritsch, L., Breslmayer, G., & Lederer, J. (2025). Quantity and
quality of paper-based packaging in mixed MSW and separate
paper collection — a case study from Vienna, Austria. Resources,
Conservation and Recycling, 215, Article ID 108091.
https://doi.org/10.1016/j.resconrec.2024.108091

Gautam, B., Tiwari, S., Pokhrel, M.R., Tomberlin, J.K., & Khanal,
P. (2025). Expanding black soldier fly (BSF; Hermetia illucens;
Diptera: Stratiomyidae) in the developing world: Use of BSF

2025 A 3l - 39 daal Ay ) il g 5 gl Aalall Alanal
1712


https://www.google.com/search?q=https://doi.org/10.1016/j.snb.2025.137365
https://www.google.com/search?q=https://www.google.com/search%3Fq%3Dhttps://doi.org/10.1038/s41598-024-84889-w
https://www.google.com/search?q=https://www.google.com/search%3Fq%3Dhttps://doi.org/10.1038/s41598-024-84889-w
https://www.google.com/search?q=https://www.google.com/search%3Fq%3Dhttps://doi.org/10.1016/j.ijbiomac.2025.140276
https://doi.org/10.1007/s10311-023-01604-3
https://www.google.com/search?q=https://doi.org/10.1016/j.resconrec.2024.108091

Hanan Alaa Eldin Abdel Sadek Gaffar

14.

15.

16.

17.

18.

19.

20.

larvae as a biological tool to recycle various organic biowastes for
alternative protein production in Nepal. Biotechnology Reports,
45, Article 1D e00879. https://doi.org/10.1016/].btre.2025.e00879

Guo, X., Li, Y., Wang, T., & Zhang, H. (2025). A bibliometric
analysis of carbon fiber recycling research: Trends, challenges, and
future directions. Journal of Cleaner Production, 360, 132547.

Hosseini, H.A., Sadat-Barati, M., & Feizy, J. (2025). Synthesis of
GO-Si02/Zn0O/Fe304 nano adsorbent for preconcentration of
aflatoxins in food samples using SPE-HPLC-FLD method. Food
Chemistry, 470, Article ID 142264.
https://doi.org/10.1016/j.foodchem.2024.142264

Hou, C., Peng, S., Zhou, Z., Xu, L., Wang, Y., Zhu, J., Zhang, P.,
Chen, Z., Lei, Z., & Wu, D. (2025). Selective ammonia recovery
from wastewater by SDS-AC based microfiltration membrane flow
electrode capacitor deionization. Separation and Purification
Technology, 359, Article ID 130555.
https://doi.org/10.1016/j.seppur.2024.130555

Huang, J., Patel, R., & Lin, X. (2025). Bimetallic Ni-Pd/CeQ2
catalyst for selective hydrogenolysis of C-O bonds in epoxy
resins: A novel approach for carbon fiber recovery. Materials
Chemistry Advances, 48(6), 1123-11309.

Im, H., Nguyen, D.A., Jun, D.-G., Jang, S., & Jang, A. (2025).
Efficiently enhanced short-chain fatty acids (SCFASs) recovery
from food waste condensate: Real-time wettability monitoring with
supported liquid membrane contactor. Water Research, 274,
Article 1D 123093. https://doi.org/10.1016/j.watres.2025.123093

Mhaddolkar, V., Fuchs, W., & Cremades, L. (2025). Determining
the relative importance of key drivers influencing source
separation behaviour of waste producers. Waste Management &
Recycling, 32(1), 45-61.

Rohit, A., Rao, M., & Chandrasekhar, K. (2025). Fracture
characteristics of slag-based geopolymer mortars with recycled

2025 A 3l - 39 daal Ay ) il g 5 gl Aalall Alanal
1713


https://www.google.com/search?q=https://doi.org/10.1016/j.btre.2025.e00879
https://doi.org/10.1016/j.foodchem.2024.142264
https://www.google.com/search?q=https://www.google.com/search%3Fq%3Dhttps://doi.org/10.1016/j.seppur.2024.130555
https://www.google.com/search?q=https://doi.org/10.1016/j.watres.2025.123093

Al-Driven Optimization of Food Waste Recycling in Egypt:
Enhancing Circular Economy Strategies through Machine Learning
and Automation

21.

22.

23.

24.

25.

26.

aggregates under Mode | and Mode Il loading. Journal of
Sustainable Construction Materials, 27(2), 150-172.

Liu, Y., Luo, C., Hantoko, D., Sun, Y., Ye, J., Cao, H., & Yan, M.
(2025). Catalytic solvothermal liquefaction of kitchen waste for the
production of high-quality bio-oil: Effects of reusing ethanol phase
as the reaction medium. Journal of Environmental
Management, 376, Article ID 124549.
https://doi.org/10.1016/j.jenvman.2025.124549

Lotchi, K. (2024). Al-driven assessment of waste management
project feasibility in OECD countries: A project management
perspective. Vaasan Ammattikorkeakoulu University of Applied
Sciences. Retrieved from https://www.theseus.fi

Lu, Z., Mu, J., Guan, C., Sui, T., Liu, C., Guo, Z., & Liao, S.
(2025). Green and recyclable photocatalytic hydrogel film with
antibacterial and ethylene scavenging properties for fruit
preservation. Food Chemistry, 475, Article ID 143266.
https://doi.org/10.1016/j.foodchem.2025.143266

Ma, D., Liao, X., Li, X., Liu, Y., & Zhang, X. (2025). Preparation
and characterization of chitosan film modified with
polydimethylsiloxane capped by mono-terminal epoxy groups.
International Journal of Biological Macromolecules, 298,
Article 1D 139912. https://doi.org/10.1016/j.ijbiomac.2025.139912

Nahar, K., Hakeem, 1.G., Surapaneni, A., Ball, A.S., & Shah, K.
(2025). Co-processing of sewage sludge with alum sludge and food
and garden organics: Towards boehmite generation and enhanced
product properties. Journal of Environmental Chemical
Engineering, 13(2), Article ID 115792.
https://doi.org/10.1016/j.jece.2025.115792

Okubo, K., Manago, G., Tanabe, T., Yu, J., Liu, X., & Sasaki, T.
(2025). Identifying plastic materials in post-consumer food
containers and packaging waste using terahertz spectroscopy and

2025 A 3l - 39 daal Ay ) il g 5 gl Aalall Alanal
1714


https://www.google.com/search?q=https://doi.org/10.1016/j.jenvman.2025.124549
https://www.google.com/search?q=https://doi.org/10.1016/j.foodchem.2025.143266
https://www.google.com/search?q=https://www.google.com/search%3Fq%3Dhttps://doi.org/10.1016/j.ijbiomac.2025.139912
https://www.google.com/search?q=https://doi.org/10.1016/j.jece.2025.115792

Hanan Alaa Eldin Abdel Sadek Gaffar

217.

28.

29.

30.

31.

32.

machine  learning. Waste Management, 196, 32-41.
https://doi.org/10.1016/j.wasman.2025.02.018

Onyeaka, H., Tamasiga, P., Nwauzoma, U. M., Miri, T., Juliet, U.
C., Nwaiwu, O., & Akinsemolu, A. A. (2023). Using artificial
intelligence to tackle food waste and enhance the circular
economy: Maximizing resource efficiency and minimizing
environmental impact. Sustainability, 15(13), Article 1D 10482.
https://doi.org/10.3390/su151310482

Pratt, C., & Soares, A. (2025). New opportunities for biologically
and chemically mediated adsorption and precipitation of
phosphorus from wastewater. Current Opinion in Biotechnology,
92, Article ID 103261.
https://doi.org/10.1016/j.copbio.2025.103261

Roobab, U., Aadil, R.M., Kurup, S.S., & Magsood, S. (2025).
Comparative evaluation of ultrasound-assisted extraction with
other green extraction methods for sustainable recycling and
processing of date palm bioresources and by-products: A review of
recent research. Ultrasonics Sonochemistry, 114, Article ID
107252. https://doi.org/10.1016/j.ultsonch.2025.107252

Saxena, P., Sarkar, A., Zhang, B., & Achari, G. (2025).
Sociodemographic drivers of waste management behaviors and
public perceptions of environmental contaminants in coastal
communities of Newfoundland, Canada. Journal of
Environmental Management, 377, Article ID 124654.
https://doi.org/10.1016/j.jenvman.2025.124654

Shoaie, P., & Bazargan, A. (2025). Emergence of gasoline as a
cheap and effective solvent for recycling shelf-stable multi-layer
aseptic cartons. Frontiers of Environmental Science and
Engineering, 19(4), Article ID 44. https://doi.org/10.1007/s11783-
025-1964-0

Simranjeet. (2025). Food waste management: Al-driven food
waste technologies. Analytics Vidhya. Retrieved from
https://www.analyticsvidhya.com

2025 A 3l - 39 daal Ay ) il g 5 gl Aalall Alanal
1715


https://www.google.com/search?q=https://www.google.com/search%3Fq%3Dhttps://doi.org/10.1016/j.wasman.2025.02.018
https://doi.org/10.3390/su151310482
https://www.google.com/search?q=https://www.google.com/search%3Fq%3Dhttps://doi.org/10.1016/j.copbio.2025.103261
https://www.google.com/search?q=https://www.google.com/search%3Fq%3Dhttps://doi.org/10.1016/j.ultsonch.2025.107252
https://www.google.com/search?q=https://doi.org/10.1016/j.jenvman.2025.124654
https://www.google.com/search?q=https://doi.org/10.1007/s11783-025-1964-0
https://www.google.com/search?q=https://doi.org/10.1007/s11783-025-1964-0
https://www.analyticsvidhya.com/

Al-Driven Optimization of Food Waste Recycling in Egypt:
Enhancing Circular Economy Strategies through Machine Learning
and Automation

33.

34.

35.

36.

37.

38.

39.

Talhami, M., Kashem, A.H.M., Alkhamri, K.A., Albatarni, O.,
Thaher, M.l., Das, P., AL-Ejji, M., & Hawari, A.H. (2025).
Sustainable and low-cost protic ionic liquid-based recovery of oil
from agricultural wastes "date pits" for biofuel production.
Resources, Conservation and Recycling Advances, 25, Article
ID 200246. https://doi.org/10.1016/j.rcradv.2025.200246

United Nations Environment Programme (2024). Food Waste
Index Report 2024. Retrieved from
https://www.unep.org/resources/report

Vargas-Estrada, L., Garcia-Depraect, O., Zimmer, J., & Mufoz, R.
(2025). Analysis of biological treatment technologies, their present
infrastructures and suitability for biodegradable food packaging -
A review. Journal of Environmental Management, 376, Article
ID 124395. https://doi.org/10.1016/j.jenvman.2025.124395

Viswanathan, R., Soundhararajan, K., & Srinivasan, D. (2025).
Effect of carbon nanoparticles in enhancing the vegetative
propagation of Orthosiphon aristatus. Journal of Agricultural
Nanotechnology, 12(4), 310-328.

Wang, Z., Huo, S., Steubing, B., Meng, F., Long, Y., Schjgnberg,
M.S., Birkved, M., Corona, B., & Cao, Z. (2025). Lignin-based
asphalt pavements can create permanent carbon storage and
substantial climate benefits. Resources, Conservation and
Recycling, 215, Article ID 108080.
https://doi.org/10.1016/j.resconrec.2024.108080.

Xiao, L., Cheng, W., & Park, J. (2025). Covalent peptide-based
lysosome-targeting protein degradation platform for biomedical
and material recovery applications. Nature Chemical Biology,
21(4), 567-578.

Zhang, R., Chai, J., Guo, W., Lu, P., & Wu, R. (2025). Improved
paper barrier properties based on coating by citric acid crosslinking
of hemicellulose. International Journal of Biological

2025 A 3l - 39 daal Ay ) il g 5 gl Aalall Alanal
1716


https://www.google.com/search?q=https://www.google.com/search%3Fq%3Dhttps://doi.org/10.1016/j.rcradv.2025.200246
https://www.unep.org/resources/report
https://www.google.com/search?q=https://www.google.com/search%3Fq%3Dhttps://doi.org/10.1016/j.jenvman.2025.124395
https://www.google.com/search?q=https://doi.org/10.1016/j.resconrec.2024.108080

Hanan Alaa Eldin Abdel Sadek Gaffar

40.

41.

42.

43.

Macromolecules, 304, Article ID 140892.
https://doi.org/10.1016/j.ijbiomac.2025.140892

Zhang, R., Qi, C., Bai, J., Gao, L., Gray, S., Ma, C., Zhou, Q., &
Bian, B. (2025). Hydrochar-nanocomposite membrane combined
hydrothermal pretreatment for nutrient upcycling from anaerobic
digestate. Water Research, 275, Article ID 123212.
https://doi.org/10.1016/j.watres.2025.123212

Zhou, H., Wang, Z., Liu, B., He, H., Peng, S., Zhang, Y., Li, L.,
Ai, J., Yu, J.,, & Zhang, W. (2025). Sustainability of emerging
sludge resource recovery scenarios: Process modeling and life
cycle assessment. Resources, Conservation and Recycling, 215,
Article ID 108165.
https://doi.org/10.1016/j.resconrec.2025.108165

Zhao, T., Sun, H., Wang, Y., Zhan, W., Li, Y., Li, W., Tang, X.,
Luo, S., Shang, X., Zhang, J., & Tian, Y. (2025). Building the
resilient food waste supply chain for the megacity: Based on the
Multi-scale  Progressive  Fusion  framework.  Resources,
Conservation and Recycling, 215, Article 1D 108144.
https://doi.org/10.1016/j.resconrec.2025.108144.

Zheng, Y., Yin, L., Jayan, H., Jiang, S., El-Seedi, H.R., Zou, X., &
Guo, Z. (2025). In situ self-cleaning PAN/Cu.O@Ag/Au@Ag
flexible SERS sensor coupled with chemometrics for quantitative
detection of thiram residues on apples. Food Chemistry, 473,
Article ID 143032.
https://doi.org/10.1016/j.foodchem.2025.143032.

2025 A 3l - 39 daal Ay ) il g 5 gl Aalall Alanal
1717


https://www.google.com/search?q=https://www.google.com/search%3Fq%3Dhttps://doi.org/10.1016/j.ijbiomac.2025.140892
https://www.google.com/search?q=https://www.google.com/search%3Fq%3Dhttps://doi.org/10.1016/j.watres.2025.123212
https://www.google.com/search?q=https://www.google.com/search%3Fq%3Dhttps://doi.org/10.1016/j.resconrec.2025.108165
https://www.google.com/search?q=https://doi.org/10.1016/j.resconrec.2025.108144
https://www.google.com/search?q=https://doi.org/10.1016/j.foodchem.2025.143032

