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Abstract. Sanitary landfilling is nowadays the most common way to eliminate municipal solid
wastes (MSW). The resulted landfill leachate is a highly contaminated liquid. Even small
quantities of this high-strength leachate can cause serious damage to surface and ground water
receptors. Thus, these leachates must be appropriately treated before being discharged into the
environment. In the last years, anaerobic membrane bioreactor (AnMBR) technology is being
considered as a very attractive alternative for leachate treatment due to the significant
advantages. In the last decade, many studies have been conducted in which various types of
anaerobic reactors were used in combination with membranes. This paper is a review of the
potential of anaerobic membrane bioreactor technology for municipal landfill leachate treatment.
A critical review in AnMBR performance interesting landfill leachate in lab scale is also done.
In addition, the review discusses the impact of the various factors on both biological and filtration
performances of anaerobic membrane bioreactors.

1. Introduction

Since humans began to build communities within a concentrated area, waste management has become
an issue of concern. The sanitary landfill method for the ultimate disposal of solid waste material
continues to be widely accepted and used due to its economic advantages. Leachate may carry insoluble
liquids (such as oils) and small particles in the form of suspended solids. Bashir et al [1] and Aziz et al
[2] reported that the generation of highly contaminated leachate can seep into the ground and
contaminate the groundwater, surface water, and soil. Thus, the generated leachate must be appropriately
treated before being discharged into the environment. Leachate characteristics may change from time to
time and site to site owing to the parameters such as moisture content, waste composition, temperature,
climatic changes etc. [3]. Based on the characteristics of leachate and the literature review concerning
leachate treatment, various processes can be used to treat landfill leachate. Membrane bioreactors have
been widely applied at full scale on industrial wastewater treatment and some plants have been adapted
to leachate treatment [4]. Anaerobic digestion is one of the most important processes used for various
industrial wastewaters as well as sewage treatments because it combines pollution reduction and energy
production. An AnMBR can be simply defined as a biological treatment process operated without
oxygen and using a membrane to provide solid-liquid separation [5]. The objective of this article is to
review and evaluate the effectiveness of the AnMBR in landfill leachate treatment with inclusive of
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limitations and future perspectives. This overview is based on published reports and journal papers that
represent landfills and different treatment methods.

1.1 Landfill leachate (LFL) characteristics& Treatment

The excess rainwater percolating through the waste layers in a landfill generates highly contaminated
leachate. The leachate is a mixture of high concentration organic and inorganic contaminants and need
to be treated due to their toxicity or bad environmental impact [6]. Landfill leachate may contain
pollutants that can be categorized into four groups (dissolved organic matter, inorganic macro
components, heavy metals, and xenobiotic organic compounds). There are three types of landfill
leachate based on its age, which can be classified as young leachate (acid-phase, <5years), intermediate
leachate (5-10years), old or stabilized leachate (methanogenic-phase, >10years) [4,7]. Leachate
composition varies significantly among landfills according to waste composition, waste age, and
landfilling technology. Buried of refuse in landfills over many years in a series of cells and lifts, will
result on different parts of the landfill to be in different phases of decomposition. In the long
methanogenic phase, a more stable leachate, with lower concentrations and a low BOD/COD-ratio, was
observed [8].

Risk assessment of landfill leachate is traditionally related to chemical analyses of specific
compounds present in the leachate. The removal of organic material based on chemical oxygen demand
(COD), biological oxygen demand (BOD) and ammonium from leachate is the usual prerequisite before
discharging the leachates into natural waters [4]. As landfilling solid waste is an anaerobic process, it
produces landfill gases that consist of CO,, CHa, H2S, NH3 and other traces of gas, it can be harvested,
treated and applied for electricity generation or direct heating if not being flared [9]. The knowledge of
leachate quality is particularly significant in choosing an appropriate treatment technique. The
technologies which were developed for the treatment of landfill leachate could be classified as physical,
chemical, and biological [3]. Based on evolution, landfill leachate treatment process may depend on
conventional, new technique or a combination of both. Conventional landfill leachate treatment
techniques can be classified into three major groups: (a) leachate transfer: recycling and combined
treatment with domestic sewage, (b) biodegradation: aerobic and anaerobic processes and (c) chemical
and physical methods: chemical oxidation, adsorption, chemical precipitation, coagulation/flocculation,
sedimentation/flotation and air stripping [4]. To select adequate treatment process which could eliminate
contaminates from the leachates, different physicochemical and biological methods or their various
combinations could be carried out: (i) biological to remove biodegradable materials, where the control
relationships parameters such as cell residence time (sludge age), food-microorganism ratio (F/M),
hydraulic retention time (HRT), sludge retention time (SRT), etc. allow to assess operating conditions
of biological system (ii) ion exchange to remove ammonia and organic compound, (iii) coagulation—
flocculation to remove colloids and metals, (iv) adsorption via activated carbon (AC) to remove organics
and metals, and (v) advanced oxidation process (AOPS) to remove organic compounds [10]. The main
membrane processes applied in landfill leachates treatment are microfiltration, ultrafiltration,
nanofiltration and reverse osmosis. Which consider as the new techniques [4]. In fact, membrane
technology is widely implemented and has excellent filtering capability in removing all suspended,
colloidal solids and bacteria including attached viruses or adsorbed compounds [11].

1.2 Aerobic and anaerobic membrane reactors

It is well-known that biologically treated landfill leachate often fails to fulfill the regulatory discharge
standards [12], while the final performance of the activated sludge (AS) process depends mostly on good
solid liquid separation between treated water and sludge in the final clarifier. The adsorption process is
used as a stage of integrated chemical-physical-biological process for landfill leachate treatment. The
most frequently used adsorbent is granular or powdered activated carbon due to its high capability to
remove organic compounds from wastewater [1]. Carbon adsorption permits 50-70% removal of both
COD and ammonia nitrogen [10]. The use of membranes in aerobic biological wastewater treatment
processes has been well established over the past 15 years [5]. An MBR system provides various



IConCEES 2017 IOP Publishing
IOP Conf. Series: Earth and Environmental Science 140 (2018) 012033 doi:10.1088/1755-1315/140/1/012033

advantages such as (i) minimised excess sludge production, (ii) high rate of organic matter removal, (iii)
reduced aeration cost for energy saving, (iv) smaller footprint, and (v) generation of superior effluent
quality to achieve a more economical wastewater treatment system [12]. Fouling or biofouling is one of
the major disadvantages of these membrane processes, which induced by deposits of inorganic, organic
and microbiological substances on both the membrane surface and inside the membrane pores.
According to Khanal [13], aerobic systems have a small startup time (1 or 2 weeks) compared to
anaerobic, which can take several months and even longer if the reactor operates with low temperature
conditions. The net biomass production for the anaerobic treatment is low (up to ten times less than that
of aerobic treatment). In addition, the biogas recovery represents one of the major advantages of
AnMBR. A high rate treatment efficiency can be reached using both of aerobic and anaerobic system
combined with membranes with different stages to take benefits of all of them.

2. AnMBR performance

Current researches demonstrated that the AnNMBR technology can be used for the treatment of many
types of wastewaters with a great potential to recover energy and resources from high strength
wastewaters. Simply defined, an AnMBR is an anaerobic bioreactor coupled with membrane filtration.
The membrane filtration component can exist in three configurations: internal submerged, external
submerged, or external cross-flow as presented in figure 1. In an external cross-flow configuration, the
membrane unit is separate from the bioreactor and the membranes operate under pressure to produce
permeate. A significant advantage of the anaerobic process is the biogas recovery. Lin et al [5] stated
that continuous biogas production could be observed in AnMBR systems for various wastewaters
treatment. The observed methane yield ranged 0.23-0.33 LCH4/g COD removal has been reported [14].
The methane rich biogas can be used for digester heating, electricity generation or even recycled for fuel
production. AnMBR consists of the main totally closed basin connected to the influent, biogas, re
feeding and outlet pipes when the membrane is submerged on the reactor, and with extra cross flow pipe
in case of external membranes.
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Figure 1. Different AnNMBR system configurations: (a) Submerged membrane AnMBR; (b) AnMBR
with external submerged hollow fiber membrane; (c) AnMBR with external crossflow membrane [15].

2.1. AnMBR performance for leachate treatment

Anaerobic membrane bioreactor (AnMBR), which combines anaerobic process and membrane
technology, is attracting noticeable interest in both research community and industrial sectors [5]. It can
be seen from table 1 which summarizes AnMBR applications in landfill leachate treatment (Lab scale),
the applied temperature ranged at 34-37°C, which was mesophilic. The digestion process was better at
mesophilic (30-45°C) [11], which requiring heating of reactors. It is appeared that the HRT was between
1-10 d, which was rather higher than the values applied in other wastewater types. Trzcinski and Stuckey
[16] applied two different values for SRT and HRT in a CSTR with membrane (i.e., 1.5 d HRT with 30
d SRT and 1.1 d HRT with 300 d SRT) which resulted in 79 and 90% COD removal, respectively.



IConCEES 2017

IOP Publishing

IOP Conf. Series: Earth and Environmental Science 140 (2018) 012033

doi:10.1088/1755-1315/140/1/012033

Table 1. Performance of AnMBRs in landfill leachate treatment (Lab Scale).

Source WW/ Scale/ Reactor initial Membrane Operational condition Final Rem.” Ref.
Reference Volume type COD configuration COD (%)
(All are (mg/1) Temp. HRT SRT (mg/1)
Anaegrobic) °C

Landfill leachate Lab Membrane 1391- Sub (UF/HF) - 10d infinite  600- 40-60  [17]
Thessaloniki (6L SBR 3977 2500
(Greece)
Landfill leachate  Lab Stirred tank  2800- Sub. (UF/Cap) 1-7d 417 70-90 [16]
Czestochowa (29L) 5000
(Poland)
Sanitary landfill ~ Lab CSTR+M Ext. (Ceramic 34-36 2.04d - 90.4 [17]
leachate (441) tubular membrane)

Pore size 0.2 pm
Landfill leachate  Lab UASB 16,000— Ext. (UF/flat sheet) 4.16d 6400- 40-60 [18]
Synthetic ¢) 22,000 13200
Municipal solid Lab CSTR+M  4000- Sub. (Kubota PE 35+1 1.6- 400- >90 [19]
waste (3L) 26000 flat sheet 2.3d 600

Pore size 0.4 pm
Landfill leachate  Lab Jet flow 14,870- Ext. (UF) 37 7d 1170-  89-92  [20]
Jebel Chakir (50L) bioreactor 41,000 3770
(Tunisia)
Municipal solid Lab CSTR+M Sub. (PE flat sheet 35 15d 30d 1000 79-95  [16]
waste leachate, BL) membrane

Pore size 0.4 pm
Municipal solid ~ Lab CSTR+M Sub. (PE flat sheet 35 1.1d  300d - 90 [16]
waste leachate, (3L) Pore size 0.4 pm

WW: Wastewater; COD: Chemical Oxygen Demand; Temp.: Temperature; HRT: Hydraulic Retention Time; SRT: Sludge
Retention Time; Ref.: Reference; Ex.: External; UF: Ultrafiltration; Sub.: Submerged; CSTR+M: Completely Stirred Tank Reactor
+ Membrane; UASB: Up flow Anaerobic Sludge Blanket; PE: polyethylene.
* Rem.: COD Removal Efficiency.

3. Factors affecting the AnMBR process performance
The AnMBR process performance is affected by the efficiency of both biological treatment and filtration
process, which influenced by the operational condition, biomass and membrane characteristics.

3.1. Factors affecting the treatment performance

In general, AnNMBR operation with relatively long HRTs and SRTs was favorable, to enhance methane
recovery, treatment performance and reduce sludge production [18]. Although startup could be
achievable relatively fast in mesophilic conditions, periods of 2 to 4 months are quite common [13].
Table 2 presents the operational parameters effects on treatment efficiency and highlight on its optimum
values. For some parameters, like temperature there is no recommendation observed from previous
studies focused on its effects on the anaerobic treatment for landfill leachate treatment, but it is presented
here from other wastewater types as indicator for orientation purposes.

3.2. Factors affecting the membrane performance

MBR system is one of the promising methods which involve the combination of biological treatment
with the aids of activated sludge coupling with a direct solid-liquid separation by membrane filtration
[11]. One of the major contributors to the operating cost and maintenance of membranes, is the
membrane fouling [19]. The major factors affecting fouling are biochemical kinetic parameters,
temperature, membrane characteristics, mixed liquor characteristics, operational style and reactor
hydraulic conditions. Therefore, membrane fouling mechanisms are very complicated due to the
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complex rheological and physiological characteristics of mixed liquors [11]. It seems obviously from
table 3, that fouling parameters have a strong impact on the membrane performance.

Table 2. Operational parameters effects on efficiency of landfill leachate treatment using AnMBRs

Operational Description of the effects on ADMBR Wastewater type Reference
conditions efficiency (with the optimization values)
HRT Long HRT are required to have high efficiency Landfill leachate [5]
(1.5d < HRT < 11.8 d)
OLR High OLR results High efficiency, and the COD Landfill leachate [5]

removal gradually improved with cont. operation
(OLR > 2.5 kg COD/m3/d)

SRT Long SRT yields to high efficiency Landfill leachate [20]
(20 < SRT < 70.5d)

Start-up period  (SUP > 90 days) Landfill leachate [21]

pH ANMBR systems operate at near neutral pH since Municipal wastewater  [22]

anaerobic digestion takes place within pH 6.5-8.5
(7.0< pH < 8.0)

BOD/COD -For young leachate, the efficiency decreased with  Landfill leachate [23]
ratio decreasing BOD/COD ratio, then (BOD/COD
>0.40)

-For old leachate, the BOD/COD ratio becomes less
visible, when (BOD/COD <0.2)

Temperature -Higher temperatures are known to improve Municipal wastewater [24]
methanogenesis
-A deterioration of membrane flux always occurred  swine waste [25]

due to sludge deflocculation and EPS released
caused by high temperature.

-(COD removal efficiencies close to 90% were
achieved at both 35° C and 20° C)

-Temperature displayed no significant effect on the
biogas yield.

Table 3. Description of the effects of fouling parameters on membrane fouling in AnMBRs.

Fouling parameters Description of the effects on membrane fouling Ref.
Operational conditions

HRT A decrease in HRT resulted in a decrease in solids removal efficiency [26]
OLR Filtration resistance increases with organic loading [27]
SRT The relationship between SRT and membrane fouling is complex, and highly  [28]

depends on the applied HRT and the feed characteristics.
Infinite SRT probably lowered specific biomass activity due to accumulation

of inert particulate matter in the MBR [23]
Permeate flux Permeate flux increased—fouling rate increased [5]
Temperature Temperature increased — CODsup increased — stable flux decreased [16]

The fouling rate is reduced with the temperature increasing [24]
pH the fouling at pH 6.5 and 7.5 were quite similar and less severe than that at [29]

pH 5.5 and 8.5. (6.5 < pH < 7.5)
Biomass Characteristics

MLSS (Higher than Aerobic MBR) MLSS is positively correlated to membrane [5]
fouling
PSD Flocs size significantly affected cake formation, filtration resistance [30]
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(500% higher than the aerobic MBR) [31]
SMP High SMP content results in serious membrane fouling
EPS More EPS is negatively impact membrane fouling [32]
Membrane
characteristics
Pore size Pore size increased — attainable flux decreased [5]
General Fouling of PEI membrane was faster than. High shear conditions have also [33]
been reported as detrimental for anaerobic biomass activity. The efficient [5]

trans-membrane pressure varied from 1 to 2 bar
[34]

CODsup: Soluble COD; MLSS: Mixed liquor suspended solids; MBR: Membrane bioreactor; PSD: Particle size
distribution; SMP: soluble microbial products; EPS: extracellular polymeric substances; PEI: Polythylene.

4. AnMBR limitations and future perspectives

If AnMBR started at low temperature, conditions will be worse, reduction of biomass growth will
happen and requiring longer SRT to stabilize [19]. In this way, operating without external heating is an
attractive proposal for broadening anaerobic digestion applications, now limited to warm climate
locations [35]. In addition, McKeown et al [25] suggested the use of pre-acclimated inoculum biomass
to reduce start-up times, because the biomass will already be adapted to the new temperature conditions.
As with the general sewage leachate water quality is quite different, it should strengthen the pre-or post-
processing technology. As well, explore technically and economically feasible process plan, process
combination will be a branch in the various processes and coordination problems with research. These
aspects like: evaluation of both technical and economic feasibility of MBRs, submerged MBRs, treating
leachate at the full-scale level, determination of optimum operating conditions with well controlled pilot
studies.

5. Conclusion

AnMBR technology features many advantages over aerobic treatment and conventional anaerobic
methods, and the developments in membrane materials and modules added to its advantages. There are
many factors affect the efficiency of the AnMBR in both of biodegradation and filtration process.
Despite the rapid development of ANMBRS, there are remaining several barriers or challenges that limit
their widespread practical application for landfill leachate treatment. Thus, combination of membranes
with different types of anaerobic high-rate reactor configurations for landfill leachate treatment should
be further investigated. On the other hand, performing a proper and robust start-up of AnMBR in
ambient temperatures and membrane fouling are still challenging. This article presented a
comprehensive review on AnMBR performance treating landfill leachate.
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