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Abstract. The work commences by addressing characterization and
regulatory constraints, underlining the spatio-temporal variability of
leachates and the increasingly stringent requirements for their discharge.
Following this, treatment technologies are reviewed, covering those from
classical physico-chemical treatment schemes (coagulation and struvite
precipitation) to advanced oxidation (ozonation and UV-light) and
biological treatment approaches (anaerobic digestion treatment and aerobic
granular sludge). The authors also look collectively at hybrid systems and
focused attention on resource extraction and enhanced recovery, especially
from leachates with attention being paid to the adoption of membranes
enhanced for sustainability. The heart of the article discusses energy and
material recovery pathways from leachates, which is considered the
secondary focus of the paper treatment comes first. Attention is paid to
biogas production from UASB reactors and co-digestion and nutrients
recovered in the struvite form. Environmental impacts highlight the
advantages that come through the donation of resource and material
recovery from leachates and circularity. The article ends by looking at issues
that remain in treatment such as variability of effluents, energy costs and
membrane fouling as major issues and propositions for research perspectives
encapsulating those areas. The authors conclude by talking about the
necessity for progression to combined treatment that can turn storage sites
into true biorefineries, and not just sites for storage, with the production of
resources and an eye on environmental protection/security as key
components.

1 Introduction

Leachates stemming from nonhazardous waste storage facilities (ISDND) are exceedingly complicated
because these effluents arise from the percolation of rainwater through the installed waste as well as

from the metabolism of its constituents [1]. By far the most significant effluents generally
produced within the scope of sanitary reclamation of refuse, these polluted liquids are
characterised by more or less acute organic pollution, high ammoniacal nitrogen and heavy
metal contents, and composition that frequently changes greatly from day to day [2]. n
untreated form, leachates may contaminate acquifers, underground and surface waters and
lands [3]. They often produce losses to fish and cause other serious harm to public health and
daanger to human beings [4]. Recently, a different point of view has prevailed, according to
which leachate is a resource to be exploited to recover energy and nutrient, while processing

© The Authors, published by EDP Sciences. This is an open access article distributed under the terms of the Creative Commons
Attribution License 4.0 (https://creativecommons.org/licenses/by/4.0/).



BIO Web of Conferences 215, 04013 (2026) https://doi.org/10.1051/bioconf/202621504013
RENA 2025

of natural resources through advanced technology introduces further steps into every
recquired resource-value chain, creating an economic habit for every environmental
constraint[6]. Is a way of changing things around [7]. Here is presented further the state of
the art of technologies for the treatment of landfill leachates with ‘energy recovery’/recovery
of nutrients and coagulation of the reduced environmental impact through various process
integrations and optimizations.

The review article provides a thorough examination of leachate treatment strategies, emphasizing
energy recovery and minimizing environmental impacts. Leachate’s liquid resulting from the passage
of water through waste are a significant challenge due to their complex, variable composition,
containing a plethora of organic matter, ammoniacal nitrogen, heavy metals and emerging
contaminants.

2 Characterization of leachate and regulatory framework

2.1 Origin and composition

Landfill leachate is derived from rain which percolates through waste and dissolves organic
and inorganic constituents [8]. Its chemical composition varies dramatically with the type of
waste, climatic and operating conditions [9]. Fresh leachates contain a large proportion of
biodegradable organic matter with a high ratio of BOD and COD [10]. Old leachate will have
low biodegradability due to the build-up of refractory compounds—especially humic
substances [11]. Nutrient concentrations of ammoniacal nitrogen and phosphorus are often
so high as to require specific treatment [12]. The occurrence of emerging contaminants such
as PFAS further complicates processing [13].

2.2 Critical pollution parameters

Chemical oxygen demand (COD) is considered the most important indicator of organic
pollution of landfill leachatess [14]. Ammoniacal nitrogen is another persistent pollutant,
which does not disappear even after significant landfill maturation [15]. Heavy metals,
especially lead, chromium and nickel, have toxicological risks requiring their effective
disposal [16]. Recalcitrant organic compound does not degrade by simple biodegradation
processes [17]. Salinity and alkalinity often reach levels that compromise most biological
treatment systems. Associated hazardous effects in the pollution mixture require integrated,
multi-step treatments [10].

2.3 Regulatory framework

The need to tighten restrictions on the quality of such effluents has urged landfill operators
to improve their treatment performance [8]. Old leachates are often not amenable to treat by
more conventional treatment technologies to allow them to be exported to modern landfills
[9]. Multi-step treatments are a generally applicable strategy to meet such environmental
goals [10]. Economic factors also impede the installation of sophisticated systems in many
facilities [5]. Variability around leachate composition means that constant regulatory
compliance may be unattainable [8]. The discrepancy between what treatment systems can
achieve and what can be tolerated on rejection drives the innovation of treatment technologies
[13].

3 Overview of treatment technologies: from remediation to
healing
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3.1 Conventional physico-chemical treatments

3.1.1 Coagulation-flocculation and precipitation processes

Coagulation-flocculation favours the efficient removal of suspended solids and colloidal
organic matter from landfill leachates [16]. pH adjustment in an acid medium enhances the
precipitation of humic acids by means of protonation. For example, a gradual decrease in pH
below 2.0 [is reported to cause] precipitating of humic acids, thereby permitting removal of
86.1% of the COD in that mechanism alone and a colour reduction on the leachate of 84.7%
[20]. The zeta potential which is negative at neutral pH becomes closer to zero during
acidification; which was indicative of an efficient destabilization of colloidal structures [21].
The use of aluminum-based EC is particularly promising and has given an apparent colour
removal 0f 92.5% at pH 5 and a further removal of 58.75% COD and 47.24% total coliforms,
at an estimated cost of treatment of 3, $00/m3 [22].

Struvite precipitation has now established itself as a two-in-one technology, which allows
for the simultaneous removal of nutrients by a slowly released fertilizer [23]. his process is
most effective at about pH 9.0-10.5, at which magnesium, ammonium and phosphate ions
precipitate as MgNH PO 6H O [24]. crystals. At the optimum condition (pH 9.0, reaction
time 30 minutes, AMP molar ratio of 1:1.5:1.5) the struvite precipitation technique should
give a nitrogen and phosphorus recoveries of more than 90%. Ammoniacal nitrogen and
phosphate removals in the leachate of 70% and 57,1 % respectively from leachate effluent
anaerobic digestion [25]. The effects of cadmium and nickel etc. have been shown to have
little deleterious effect on the purity of the precipitated struvite so it could be safely recovered
from contaminated leachate sources [24].

3.1.2 Adsorption and advanced oxidation processes

Electrochemical oxidation (EO) stands as one of the few methods that can undeniably destroy
compounds unsuitable for biodegradation or representing environmental difficulties such as
aqueous halogens, even in old landfill leachates. It is based on generation of extremely active
hydroxyl radicals, leading to complete removal of organic contaminants and avoiding
chemical transport, with de minimis sludge formation [27]. Specific combinations of
irradiation with electrochemically activated persulfate demonstrated a synergistic effect
,removal efficiencies showed for COD 55.6%, for UV 68.5% and for color 89.9%, and were
dependent on pH3, current 3A, persulfate dose 5g/L, and reaction time 25 minutes [28]. The
total energy consumption of this process denominated “UV/Electro-Sep” was ascertained as
27.4kWh/ kg COD, placing the energy use itself into perspective - this input needs to be
justified by efficiency of treatment. Magnetite-catalyzed ozonation constitutes a novel
process of “selective” oxidation [13]. Magnetite-catalyzed ozonation pretreatment showed
enhanced specific methanogenic activity at 0.22g CH -DCO/(gVSS j) in 40 minutes, and thus
its optimal coupling point with the subsequent anaerobic biological treatment [31].

3.2 Biological treatments: the heart of organic recovery

3.2.1 Anaerobic digestion for biogas production (CH4)

Anaerobic digestion constitutes the basic enabling technology for conducing the removal of
organic matter accompanied by a simultaneous production of renewable energy [32],[33].
UASB reactors perform well for the treatment of high concentration leachates of different
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climates [34],[35]. The production of biogas enriched in methane is amenable to energy
recovery together with greenhouse gas reduction [36]. Co-digestion improve the stability of
the process and increase the amount of biogas produced [37]. Electrochemical pretreatment
combined with the application of zerovalent iron increases biomethane potential [38]. The
structure of the microbial community influence directly the performance of methanogenesis
and stability of the system [39].

3.2.2 Aerobic treatments for nitrogen removal

Aerobic granular sludge technology presents a remarkable removal efficiency for organic
matter and nitrogen [15]. having this also sorting properties such as biosorption to remove
pollutants and metals and likewise bioaccumulation “to recover”[16]. The technique of
aerobic granular sludge (BGA), is effective in removing pollutants and metals from landfill
leachates. A 2-L sequential batch reactor for 198 days eliminated 94% of COD and 97% total
nitrogen, where biosorption mechanisms constituted 53% and bioaccumulation 47% of all
mechanisms involved. The desorption of these metals with NaCl 0.1 M does not significantly
affect granules’ structure, although it diminishes nitrification and denitrification activities,
extending heterotrophic activity instead [40] Typical influent for aerobic granular sludge
(BGA) would be raw landfill leachate, hence cationic composition is dominated by calcium
(1608.7 £ 86.6 mg/L) and magnesium (518.0 + 48.5 mg/L), followed by iron (252.3 + 44.2
mg/L) and manganese (104.6 £ 6.5 mg/L). Trace metals (chromium, zinc, copper, lead) are
presented at concentrations lower than ~3 mg/L Figure 1[40] .
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Fig. 1. Concentration of metals in raw landfill leachate used as influent for BGA reactor. Error
bars represent standard deviation (n = 3).

The coupling of advanced oxidation and biological nitrogen removal leads to a COD
removal rate of around 75% in a UASB reactor, following pre-treatment by magnetite-
catalyzed ozonation. However, removal of ammoniacal nitrogen and phosphorus remains
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deficient, mitigated by further treatment with microalgae, resulting in a 65% decrease in total
nitrogen and a 70% decrease in total phosphorus removals [31].

3.2.3 Hybrid and natural technologies

Hybrid bioreactors use aeration and leachate recirculation to improve degradation rates [41].
Partial aeration strategies try to achieve aerobic and anaerobic regions in one reactor. Br-2
reaches 8 pH before reaching the maximum reaction time, while Br-1 does not go above 7.
Physico chemical reduction varies from 33% to 98%. Br-2 produces 21.5 L biogas and more
than 60% methane while Br-1 produces only 8.75 L biogas with less than 50% methane. [42].
Nanofiltration membranes are indispensable for the optimal selective separation of organic
compounds as well as inorganic salts [43], but with lower operating pressures [44]. Though
reverse osmosis is relatively inexpensive disposal it takes up too much of the energy [45].
Despite advances, fouling of membranes remains a significant challenge, but scientists have
been working on new membrane materials and surface modifications to improve their
resistance to this problem [46]. A combination of a hybrid system and integration with
biological processes allows to optimize the system and enhance the efficiency [47]. Modified
nanofiber membranes, especially those made of polyacrylamide with silver nanoparticles and
a green tea extract show promising potential in the elimination of nitrates and achieving an
efficiency of up to 73,25%. The membranes show a significant reduction in the diameter of
the fibres and an increase porosity. They are also more hydrophilic and manage to decrease
the turbidity of wastewater from a value of 32 NTU to 3 NTU. Substrates achieve up to an
effectiveness in nitrate removal of 73,25% within contacted period of time. Ultimately
offering a galvanic recovery with efficiency and a superior resistance compared to
unmodified membranes [32], [47].

4 Ways of recovering energy and materials

The methanogenic potential of landfill leachates is related to substrate, community and
operational parameters. A two-step process of anaerobic fermentation and methanogenesis
leads to the acquisition of biohydrogen and biomethane. With anaerobic fermentation
moderate yields of hydrogen are achieved 6.1 to 8.2 NmL H/g volatile dry matter, while with
anaerobic digestion more methane is produced 275.2 to 277.5 NmL CH/g volatile dry matter.
The system demonstrates a biodegradability of 66% of volatile materials, and a COD removal
between 50.8 and 60.1%, proving the greater efficacy of the methanogenesis rather than the
hydrogen genesis for the valorisation of the lexiviates [44]. For treatment of leachates and
gas production, the innovative coupling of storage and anaerobic fermentation is considered.
The anaerobic storage of leachates (starting DCO of 5 353 mg/L) at 23 °C within for 15 days
converts organic matter into lactic acid, favouring the production of biohydrogen. As
inoculum in the anaerobic fermentation of leachates, although COD is noticeably reduced
(93.63%), palm mill effluents do not lead to hydrogen production due to their inhibition by
exogenous microorganisms [45].Here we note how, despite the continued issues in hydrogen
production, the coupled process treats the leachate well, via degradation of organic matter in
Table 1.

Table 1 : Anaerobic Digestion Systems for Energy Recovery from Landfill Leachate.

System HRT COD Removal | CHs Yield Energy

Configuration (hours) (%) (%) Production Refs
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UASB (ambient | oo 64+1 86.1=1.1 |  Notspecified | [44]
temp)
UASB + Ozone Variable 75 Nf)t' Optimized foy [31]
pretreatment specified methanogenesis
Hybrid bioreactor | Variable 3398 67 21.5 L biogas (41 | 1)
increase)
EC pretreatment + Not . 0.2805 NL/g sCOD
ZVI (10 g/L) specified Not specified 70.12 removed [46]
Co-digestion o .
(leachate + kitchen | Variable =90% organics High >90% gas in 1 day | [47]
waste) conversion

Raw biogas from the treatment of landfill leachate by anaerobic digestion typically ranges
from 50-67% methane, 35-40% carbon dioxide and hydrogen sulfide, together with other
contaminations [42]. [45] . In the case of biomethane to be freed of CO and im-purities up-
to-the-mark, it is necessary to proceed with purification technologies membrane separation,
pressure swing adsorption, or chemical wash. Membrane systems become the most
economical being as well the cost of 5,654%/m3, of which water washers and chemical
absorbers are excluded, indubitably peculiar to the valorization of biogas [45].

The recovery of the nutrients contained in landfill leachates corresponds to simultaneously
fulfilling prevention of pollution and retaining resources deserving to provide alternatives to
a mineral fertiliser [44]. The lightweight capital of crystallization of struvite also provides
that phosphorus to be recovered deeper than 60% while the surplus part nitrogen to be
stripped off [47].

5 Environmental analysis and challenges of sustainable
management

The landfill leachate efficient management, however, greatly minimizes the potential for
greenhouse gases, as well as preventing the pollution of groundwater and soil. The
valorization of methane from an anaerobic treatment system means that it is possible to
mitigate emissions of a greenhouse gas with a global warming potential 25 times greater than
that of CO. Life-cycle analysis demonstrates that the integrated treatment approaches with
resource valorization have the largest environmental benefits. Moving from a linear waste
disposal model to circular resource valorization alters environmental profiles according to
the fundamental idea of converting liabilities into assets [44]. From an economic perspective,
this option of treatment technology choice can be explained as follows. According to a life
cycle cost assessment, fractional foaming (FF) treatment is costed at between 77.4$-110.6$
per 1000m3 (about 0.077-0.111$/m3) depending whether the placement is a single, or
comprised of three tiers [65]. Basically, the recovery of energy with biogas capture for use
improves the economic viability of landfills, generating revenue for electricity sales, whilst
nurturing the reduction of greenhouse gas emissions, but does not provide a figure in such
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terms. The recovery of nutrients in the form of struvite, or other fertilizer products creates
further cash flow whilst assisting in attaining the circular economy objectives. The low
implementation cost where advanced treatment facilities are concerned represents a
stumbling block to their widespread implementation necessitating in-depth techno-economic
analyses and incentive policy frameworks.

6 Research perspectives

In recent advances in landfill leachate treatment several priorities for future research remain
in order to improve energy recovery and mitigate environmental impact [46]. These
perspectives refer to improvement of existing processes, hybrid and novel technologies, and
the systematic coupling of a circular economy approach.

e Reduction of energy consumption and optimisation of advanced oxidation
processes: Despite the capability of advanced oxidation processes (AOP) like
electrochemical oxidation and catalysed ozonation to degrade refractory pollutants
[28]. they require high energy consumption. In the future research should be
orientated toward the optimisation of operation parameters and the production of
more effective and cheaper electrodes or catalysts, as well as coupling these
processes with renewable energy. An interesting avenue of improving the energy
gain is the coupling of targeted physico-chemical pre-treatments for reduction of the
pollutant load before the POA [9],[10], [11], [12],[13].

o Targeted treatment of emerging pollutants and heavy metals: The treatment of
leachate is complicated by the presence of emerging contaminants, like
perfluoroalkyl and polyfluoroalkylated substances (PFAS), and persistent heavy
metals [13], [15], [16]. Research should focus on technologies of destruction or
selective extraction, via adsorption on new materials (modified biochars,
nanostructured materials) or advanced electrochemical processes, capable of puting
to sleep these specific pollutants without generating sub-toxic products [41], [46].

o Intensification and robustness of biological processes: The optimization of
microbial communities within anaerobic (UASB) and aerobic (granular sludge,
slime flocs) reactors is important to improve the stability and efficiency of the
treatment, particularly if variable loads or temperatures are expected [34],[39], [40].
Research on microbiota, substrate pretreatment and co-digestion with other organic
waste will increase biogas production and energy recovery.

e Development of sustainable membrane materials and processes : To overcome
the main challenge of membrane fouling [46], research should focus on toxic
tolerant resistant, more hydrophilic and selective membranes, based on surface
modification or nanomaterials. The intelligent design and coupling of these
membranes into hybrid treatments schemes aided biologically or via physico-
chemical processes will improve their efficiency and sustainability [45],[47].

e Systemic integration and sustainability analyses: Encompassing environmental,
economic and social performance, a holistic assessment will benefit from the
deepening of life cycle analyses (LCA) and life cycle costing (LCC), to be able to
systematically compare the scenarios from decontamination to valorization [47].

7 Conclusion
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Landfill leachates are a two-fold difficulty and potential resource, in the context of a circular
economy. This review evidenced that their sustainable management cannot be dependent
only on a single technology, but on an intelligent mix of physico-chemical, biological and
advanced separation processes, fitting the specificity of each effluent. Physico-chemical
treatments, like coagulation-flocculation and struvite precipitation removal, allow effective
removal of suspended solids, nutrients and some metals. AOP, albeit costly in terms of
energy, accept advantageously to destruct refractory pollutants. Biological systems, in the
form of anaerobic digestion and aerobic granular sludge are at the core of the organic
valorization, allowing for pollution abatement and renewable energy generation, under the
form of biogas. The sensible tendency is to mix and match hybrid systems, coupling oxidizing
pretreatments influx bioreactors, or even combining membranes and biological processes, in
order to optimize efficiency and reduce energy consumption. Recovery of resources — energy,
nutrients (struvite), water, and metals — appears as an important further step to change storage
places into true biorefineries, making life a bit less landfill heavy. Nevertheless, the quest for
a fully sustainable, and circular, management of leachates is still fraught with challenges
related to variability of effluents, costs of advanced technologies and their integration. Future
work therefore remains to energy optimisation, development of robust materials and
processes and the development of decision-making tools around life cycle analyses. So that
we might finally achieve the two folds aim of leachate management: defence of the
environment and resource safety.

References

1. P. Somadas et P. G. Sarvade, « An overview of the impacts of various industrial and
urban wastes on soil properties: contamination and remediation strategies »,
Environmental Research Communications, 2025.

2. Ch. Srinivas, M. Yerrinaidu, R. S. Kumar, S. Raman, et A. Raheem, « Sustainable
Leachate Treatment Strategies for Municipal Solid Waste Management in
Visakhapatnam », IJSREM, vol. 09, n° 03, p. 1-9, mars 2025, doi:
10.55041/IJSREM42499.

3. K. El-Moustaqim ef al., « Combination of Microalgae Method, Decantation, and
Filtration for Domestic Wastewater Treatment », Sustainability, vol. 15, n° 22, Art. n°
22, janv. 2023, doi: 10.3390/su152216110.

4. J. B. Njewa, G. Mweta, J. Sumani, et T. T. Biswick, « The impact of dumping sites on
air, soil and water pollution in selected Southern African countries: challenges and
recommendations », Water Emerging Contaminants & Nanoplastics, vol. 4, n° 1, p. N-
A, 2025.

5. J.N. Meegoda, C. Chande, et I. Bakshi, « Biodigesters for Sustainable Food Waste
Management », Int J Environ Res Public Health, vol. 22, n° 3, p. 382, mars 2025, doi:
10.3390/ijerph22030382.

6. R. Xiang et al., « A Review on Landfill Leachate Treatment Technologies:
Comparative Analysis of Methods and Process Innovation », Applied Sciences, vol. 15,
n°® 7, p. 3878, 2025, doi: 10.3390/app15073878.

7. S.Khan et M. S. Vohra, « A critical Review of Landfill Leachate and its treatment by
Electrochemical Oxidation: A Future energy-Oriented Approach for Sustainable Liquid
Waste Treatment », in 2025 14th International Conference on Renewable Energy
Research and Applications (ICRERA), oct. 2025, p. 1222-1235. doi:
10.1109/ICRERA66237.2025.11284037.



BIO Web of Conferences 215, 04013 (2026) https://doi.org/10.1051/bioconf/202621504013
RENA 2025

8.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

R. P. Rajesh et M. P. Saravanakumar, « A Review on Electrooxidation Treatment of
Leachate: Strategies, New Developments, and Prospective Growth », Nat. Env. Poll.
Tech, vol. 24, n° 1, p. B4222, mars 2025, doi: 10.46488/NEPT.2025.v24i01.B4222.

R. M. da Silva, B. S. de Farias, et S. S. Fernandes, « From Natural to Industrial: How
Biocoagulants Can Revolutionize Wastewater Treatment », Processes, vol. 13, n° 6, p.
1706, 2025, doi: 10.3390/pr13061706.

V. Shrivastava et I. Laasri, « Nutrient Recovery Strategies and Agronomic
Performance in Circular Farming: A Comprehensive Review », Nitrogen, vol. 6, n° 3,
p. 80, 2025, doi: 10.3390/nitrogen6030080.

J. A. Silva, « Advanced Oxidation Process in the Sustainable Treatment of Refractory
Wastewater: A Systematic Literature Review », Sustainability, vol. 17, n° 8, p. 3439,
2025, doi: 10.3390/sul7083439.

J. Mabrouki et al., « Optimizing electrocoagulation parameters for enhanced leachate
remediation », Journal of Dispersion Science and Technology, avr. 2025, Consulté le:
30 septembre 2025. [En ligne]. Disponible sur:
https://www.tandfonline.com/doi/abs/10.1080/01932691.2025.2495638

S. Kasinski, P. Kowal, et K. Czerwionka, « Advanced Technologies for Nitrogen
Removal and Recovery from Municipal and Industrial Wastewater », Materials, vol.
18,n° 7, p. 1422, 2025, doi: 10.3390/mal18071422.

T. K. C. Phu, P. L. Nguyen, et T. V. B. Phung, « Recent progress in highly effective
electrocoagulation-coupled systems for advanced wastewater treatment », iScience,
vol. 28, n° 3, p. 111965, mars 2025, doi: 10.1016/j.is¢i.2025.111965.

M. Nabi, H. Liang, L. Cheng, W. Yang, D.Gao, A comprehensive review on the use of
conductive materials to improve anaerobic digestion: Focusing on landfill leachate
treatment. Journal of environmental management, 2022, 309, 114540.

C. Costa, M. L. Pinedo, et B. D. Riascos, « Presence of Humic Acids in Landfill
Leachate and Treatment by Flocculation at Low pH to Reduce High Pollution of This
Liquid », Sustainability, vol. 17, n° 2, p. 481, 2025, doi: 10.3390/su17020481.

T. Fukasawa, « Specific Ion Effects in the Handling of Particle Suspensions: A Review
», KONA Powder and Particle Journal, p. 2026012, 2025.

M. O. Caetano, G. T. Schmitt, A. G. Kieling, et L. P. Gomes, « Electrolytic Treatment
to Remove Apparent Color in Landfill Leachate », RGS4, vol. 19, n° 9, p. e013319,
sept. 2025, doi: 10.24857/rgsa.v19n9-033.

R. Mores et al., « Electrochemical Precipitation of Struvite from Wastewater: A
Sustainable Approach for Nitrogen Recovery », Separations, vol. 12, n° 5, p. 108,
2025, doi: 10.3390/separations12050108.

Mohamad Darwish, S. Mustafa, N. Z. Yaakub, et F. K. J. Rabah, « Investigation on the
Effect of Nickel and Cadmium on Struvite Crystallization in Landfill Leachate », J.
Adv. Res. Appl. Sci. Eng. Tech., vol. 64, n° 1, p. 13-22, mars 2025, doi:
10.37934/araset.64.1.1322.

T. H. T. Xuan, S. T. Minh, et P. K. Lieu, « Nutrient recovery from effluent of
anaerobic digester treating swine wastewater via struvite precipitation: A case study in
Hue City, Vietnam », Hue University Journal of Science: Natural Science, 2025, [En
ligne]. Disponible sur: https://api.semanticscholar.org/CorpusID:283943331

E. Can-Giiven, « Pre-coagulated landfill leachate treatment by synergistic ultraviolet
and electro-persulfate process », Sigma Journal of Engineering and Natural Sciences —
Sigma Miihendislik ve Fen Bilimleri Dergisi, p. 252-259, janv. 2024, doi:
10.14744/sigma.2024.00021.



BIO Web of Conferences 215, 04013 (2026) https://doi.org/10.1051/bioconf/202621504013
RENA 2025

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

D. Becerra-Moreno, A. ZuorroF. Machuca-MartidezF. RamirezRios, J. B. Garcia-
Martinez, et A. F. Barajas-solano, « Coupling Advanced Oxidation and Anaerobic
Treatment for Landfill Leachate: Magnetite-Catalyzed Ozone and USAB Reactor
Efficiency », Inorganics, 2025, [En ligne]. Disponible sur:
https://api.semanticscholar.org/CorpusID:279775645

I. Simeonov, E. Chorukova, et L. Kabaivanova, « Two-stage anaerobic digestion for
green energy production: A review », Processes, vol. 13, n° 2, p. 294, 2025.

Z. Zhao et Z. Chen, « Dual-path exploration of anaerobic biotechnology under carbon
neutrality goals: from wastewater methane production to systematic utilization of
renewable energy », Frontiers in Environmental Science, vol. 13, p. 1613690, 2025.

U. E. Senadheera ef al., « Up-flow anaerobic sludge bed reactors for sustainable
wastewater management: challenges, innovations, and future directions », Water, vol.
17,n° 4, p. 476, 2025.

S. Abdul Rahiman et H. Qiblawey, « Anammox-MBR Technology: Breakthroughs and
Challenges in Sustainable Nitrogen Removal from Wastewater », Membranes, vol. 15,
n° 11, p. 337, 2025.

T. B. Mogorosi, E. Rakgati, B. L. Masocha, M. Nlanda, J. Mokgadi, et D. Mmereki,
« Status of Biogas Technology in Botswana », Energy Exploration & Exploitation, vol.
43, n° 6, p. 2686-2714, 2025.

K. Obileke, G. Makaka, S. Tangwe, et P. Mukumba, « Improvement of biogas yields in
an anaerobic digestion process via optimization technique », Environment,
Development and Sustainability, vol. 27, n° 7, p. 15025-15051, 2025.

J. C. DelaVega-Quintero, J. Nuiiez-Pérez, M. Lara-Fiallos, P. Barba, J. L. Burbano-
Garcia, et R. Espin-Valladares, « Advances and Challenges in Anaerobic Digestion for
Biogas Production: Policy, Technological, and Microbial Perspectives », Processes,
vol. 13, n° 11, p. 3648, 2025.

C. Yuan, Z. Zhang, et W. Wang, « Thermophilic Anaerobic Digestion of Food Waste:
A Review of Inhibitory Factors, Microbial Community Characteristics, and
Optimization Strategies », Recycling, vol. 11, n° 1, p. 10, 2026.

V. Guzman-Fierro et al., « Aerobic granular sludge as a regenerative system for
nutrient removal and metal recovery from landfill leachate », RSC Adv., vol. 16, n° 2,
p. 1121-1133, 2026, doi: 10.1039/DSRA05817A.

K. Saini, A. Prajapati, S. S. Kumar, V. Kumar, et S. Bajar, « A Review on the Fate of
Emerging Contaminants in Landfill Leachate: Insights from Conventional Treatment
Approaches », Water, Air, & Soil Pollution, vol. 237, n° 5, p. 273, 2026.

K. D. T. Lepota, K. Premlall, et M. M. Mabuza, « Implementation of a Lab-Scale
Hybrid Landfill Bioreactor to Enhance Municipal Solid Waste Biogas Production »,
ACS Omega, vol. 10, n° 36, p. 41270-41282, sept. 2025, doi:
10.1021/acsomega.5c04105.

G. Fattah, F. Ghrissi, J. Mabrouki, et M. Kabriti, « Control of physicochemical
parameters of spring waters near quarries exploiting limestone rock », in E3S web of
conferences, EDP Sciences, 2021, p. 00018. Consulté le: 22 avril 2024. [En ligne].
Disponible sur: https://www.e3s-

conferences.org/articles/e3sconf/abs/2021/10/e3sconf icies2020 00018/e3sconf icies2
020_00018.html

J.Wang, Z. Qiao,. A comprehensive review of landfill leachate treatment technologies.
Frontiers in Environmental Science, 2024, 12, 1439128.

10



BIO Web of Conferences 215, 04013 (2026) https://doi.org/10.1051/bioconf/202621504013
RENA 2025

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

I. Bencheikh, J. Mabrouki, K. Azoulay, A. Moufti, et S. El Hajjaji, « Predictive
Analytics and Optimization of Wastewater Treatment Efficiency Using Statistic
Approach », in Big Data and Networks Technologies, vol. 81, Y. Farhaoui, Ed., in
Lecture Notes in Networks and Systems, vol. 81. , Cham: Springer International
Publishing2020, p. 310-319. doi: 10.1007/978-3-030-23672-4 22.

I. Kontodimos, C. Evaggelou, N. Margaritis, P. Grammelis, et M. Goula, « Dark
Fermentation and Anaerobic Digestion for H2 and CH4 Production, from Food Waste
Leachates », Methane, vol. 4, n° 2, p. 11, 2025, doi: 10.3390/methane4020011.

F. Nurhikmah, N. A. Mohamad Aziz, H. Mohamed, M. H. Zawawi, et S. Nomanbhay,
« Coupling of storage and dark fermentation of landfill leachate for gas production and
COD removal efficiency », IOP Conference Series: Earth and Environmental Science,
vol. 1560, n° 1, p. 012023, nov. 2025, doi: 10.1088/1755-1315/1560/1/012023.

H. Pasalari, B. Abdollahinejad, A. Azari, S. N. Taghavi, M. Farzadkia, et T. M.
Aminabhavi, « Combined electrochemical conversion and micro-scale ZVI for
enhanced energy production from anaerobic digestion of landfill leachate:
Microorganisms survival and operational performance », Journal of Environmental
Management, vol. 386, p. 125668, juin 2025, doi: 10.1016/j.jenvman.2025.125668.

Z. Jun et al., « Insight of biological transformation process in the anaerobic codigestion
of kitchen waste with landfill site closure leachate », Scientific Reports, vol. 15, n° 1, p.
22930, juill. 2025, doi: 10.1038/s41598-025-06866-1.

Q. N. Ho, W. J. Lau, J. Jaafar, M. H. Othman, et N. Yoshida, « Membrane Technology
for Valuable Resource Recovery from Palm Oil Mill Effluent (POME): A Review »,
Membranes, vol. 15, n° 5, p. 138, 2025, doi: 10.3390/membranes15050138.

V. Shrivastava et I. Laasri, « Nutrient Recovery Strategies and Agronomic Performance
in Circular Farming: A Comprehensive Review », Nitrogen, vol. 6, n° 3,
p- 80, 2025, doi: 10.3390/nitrogen6030080.

M. Bove, F. Adani, M. Fedele, et M. Salvatori, « Valorisation of digestate through
nitrogen and phosphorus recovery via chemical-physical precipitation and microbubble
insufflation to reduce COD in the liquid », Journal of Physics: Conference Series, vol.
3143,n° 1, p. 012007, déc. 2025, doi: 10.1088/1742-6596/3143/1/012007.

L. F. Serafini, P. J. G. M. Praga, F. Gonzalez-Andrés, et A. Gongalves, « Life cycle
approach as a tool for assessing municipal biowaste treatment units: A systematic
review », Waste Manag Res, vol. 43, n° 10, p. 1509-1524, oct2025, doi:
10.1177/0734242X251326866.

C. Q. Cerqueira, E. E. Lora, L. L. de Souza, M. M. Leme, R. M. Barros, et O. J.
Venturini, « Life Cycle Assessment of Methanol Production from Municipal Solid
Waste: Environmental Comparison with Landfilling and Incineration », Resources, vol.
14, n° 1, p. 12, 2025, doi: 10.3390/resources14010012.

A., Nath, A. Debnath, A short review on landfill leachate treatment technologies.
Materials today: proceedings, 2022, 67, 1290-1297.

11



