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In most countries, sanitary landfilling remains the predominant 
method for disposing of municipal solid waste (MSW) due to its 
cost-effectiveness. However, a major environmental concern as-
sociated with this practice is the generation of highly contami-
nated leachate.

Over the extended period that the waste remains in the landfill, it 
undergoes various physical, chemical and biological processes, 
resulting in the production of landfill leachate. The composition 
of this leachate changes throughout the landfill's lifecycle. Nota-
bly, even after a landfill has been closed, the production of con-
taminated leachate can persist for decades – often exceeding 30 
years – posing long-term environmental risks. 

Rapid population growth, increasingly affluent lifestyles, and 
industrial and commercial expansion worldwide have led to a 
significant increase in waste production, both per capita and in 
absolute terms. Global MSW production is projected to reach 
3,400 million tons by 2050, representing a roughly 70% in-
crease over current levels. This growth will be particularly pro-
nounced in the low- and middle-income countries, where per 
capita waste generation is expected to rise by 40%, and the to-
tal quantity of waste could increase two to threefold in regions 
such as Africa, South Asia, and the Middle East. 

In response to the environmental impact of leachate, authorities 
have imposed increasingly stringent pollution control require-
ments. And in many cases, traditional practices and treatment 
technologies often fall short of achieving the necessary removal 
rates. Today, more efficient technologies based on membrane fil-
tration have emerged as reliable and cost-efficient alternatives, 
promoting sustainable practices in leachate management.  

In many cases, Membrane Bioreactor (MBR) technology is the 
preferred choice for advanced leachate treatment, due to its 
ability to produce high-quality effluent despite widely varying 
flows and loads. Leachate poses significant challenges in terms 
of biodegradability, and the mixed liquor is considerably less 
filterable compared to that from sewage or other industrial ef-
fluents. Consequently, the majority of MBRs used for leachate 
treatment globally are based on external tubular ultrafiltration 
(UF).

This white paper examines the key factors driving the adoption 
of the MBR technology for landfill leachate treatment, empha-
sizing its clear advantages over other technologies. It offers in-
sights into the operational and environmental challenges faced 
by modern leachate treatment facilities and demonstrates how 
external MBR systems meet these demands with superior per-
formance. Through a series of real-world case studies, readers 
will gain insight into why external MBR technology has become 
the preferred solution for treating complex and variable lea-
chate streams.
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�WHAT IS LEACHATE IN THE CONTEXT  
OF WASTE MANAGEMENT
Modern waste management plants are large complexes with dedicated areas for handling various types of waste and ensuring envi-
ronmentally responsible disposal. To achieve this, multiple processes are involved:

COLLECTION
The initial step involves gathering waste materials from households, commercial establishments and industrial sites. Once these 
wastes are received in the reception area, known as the bunker, they are typically directed to the mechanical-biological treatment 
(MBT) facility.

SORTING 
Recyclable and non-recyclable materials are mechanically separated. Simultaneously, any source-separated organic waste is re-
ceived in a dedicated area. 

RECYCLING
Materials such as paper, plastic, glass and metal are processed to create new products.

TREATMENT
Depending on the type of waste material, various treatments are applied to either valorize the waste or prepare it for disposal. These 
processes include:

  �Biomethanization: Organic waste is biologically decomposed to produce biogas. The main by-product, digestate, must be fur-
ther treated for safe disposal or, alternatively, processed for valorization as fertilizer.

  �Composting: Organic waste, garden waste, manure, or the solid fraction from digestate are used as feedstock to produce com-
post, which is then used for soil amendment.

DISPOSAL
Materials that cannot be valorized are disposed of in landfills. Depending on the waste origin, different landfill categories exist:

  �Non-hazardous landfill: The non-recoverable fraction of municipal solid waste (MSW) is disposed of in sanitary landfills. Mod-
ern landfills are designed to minimize environmental impact and include measures such as liners to prevent contamination of 
surrounding soil and water.

  �Landfill for hazardous waste: Industrial hazardous waste is disposed of in secure landfills, which are the most regulated and 
controlled, featuring double leachate collection systems.

  �Inert waste landfill: Construction and demolition waste (CDW), including materials such as concrete, bricks and wood compo-
nents, is disposed of in specific landfills.

As an alternative to landfilling, incineration is used in some MSW treatment plants. In this process, waste serves as fuel for gen-
erating power, similar to how coal or natural gas is used in other power stations. Besides producing CO2 and water, incineration 
generates a small amount of residues in form of bottom ashes and air pollution control residues, which must  be managed. These 
residues are commonly disposed of in hazardous waste landfills.

Each type of landfill employs different practices to minimize environmental impact, and the regulations governing them vary accord-
ingly. As expected, MSW landfills are the most significant in terms of volume globally. Consequently, they attract the most awareness 
due to their substantial environmental impact. 

Throughout the aforementioned processes, wastewater with complex composition is produced. The most significant waste stream 
is generated in the non-hazardous landfill, the so-called landfill leachate. Additionally, other processes such as those occurring in 
reception bunkers, composting facilities, and inert landfills, also produce leachate or similar wastewater streams.
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LEACHATE DEFINITION, TYPES  
AND CHARACTERISTICS 
Leachate is defined as a liquid that comes into contact with any 
type of matter and becomes enriched with soluble or suspended 
compounds from that material. In waste management facilities, 
leachate refers to the highly contaminated aqueous effluent gen-
erated from (i) rainwater percolating through wastes, (ii) the 
liquid fraction contained within the waste itself, and (iii) the liq-
uid produced during the biological processes.

Leachate characteristics and composition vary significantly 
from site to site and over time due to several factors:

  �Landfill type: There are three main categories based on the 
type of waste accepted: municipal solid waste (MSW), inert 
waste and hazardous waste. 

  �Geographical situation, influenced by two main factors:  
Climate: Including annual rainfall and sea-
sonal weather variations, as well as hydrology.  
Cultural and social factors:  Such as the type of waste dis-
posed, including the ratio of proteins to vegetables.

  �Landfill age: The concentration of waste changes dramat-
ically over the life of the landfill, typically categorized into 
three stages: young (< 5 years), intermediate (5 – 10 years), 
and old (> 10 years, also known as stabilized). 

The biodegradable fraction of MSW includes food waste, green 
waste and other wastes from commercial and industrial ac-
tivities. This fraction decomposes quickly within the first few 
months after disposal. The non-biodegradable or refractory 
fraction, consisting of paper, wood and plastics, also contrib-
utes a minor amount of organics to the leachate over a longer 
period. Most inorganic compounds are highly soluble and typi-
cally appear in the leachate shortly after disposal. Heavy metals, 
however, are released slowly, a process that can take several 
years. Consequently, landfill leachate contains a complex mix-
ture of organic substances (both biodegradable and refractory), 
ammonia-nitrogen, heavy metals and chlorinated organic and 
inorganic salts:

  �Organic compounds: Typically quantified as COD, BOD and 
TOC. Their concentration and biodegradability mainly de-
pend on the landfill’s age.

  �Nitrogen compounds: Resulting from the degradation of pro-
teins and amino acids contained in MSW, these compounds 
are present in significant concentrations, with ammonia be-
ing the major contributor.

  �Salts: Various ions such as chlorides, carbonates, sulfates 
and hardness are commonly found. Depending on the charac-
teristics of the receiving water body, salt removal technolo-
gies may be necessary to meet discharge limits.

  �Heavy metals: Different species including Fe, Cr, Cu, Ni, Pb, 
and Hg, can be present. Their concentrations vary based on 
type of waste and the landfill’s age. However, in MSW lea-
chate, heavy metal concentrations generally do not exceed 
the discharge limits set by authorities. 
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Young Intermediate Old

Age (years) < 5 5 – 10 > 10

pH 6.5 6.5 – 7.5 > 7.5

TSS (mg/L) > 800 200 – 500 < 500

COD (mg/L) > 15,000 5,000 – 15,000 < 5,000

NH4 (mgN/L) < 1,500 1,500 – 2,500 > 2,500

BOD/COD > 0.4 0.1 – 0.4 < 0.1

Biodegradability High Medium Low

Table 1: Leachate classification and typical composition, according to landfill age

The decomposition of waste within a landfill proceeds through 
distinct biological phases: aerobic, acidogenic, and methano-
genic/stabilization stages. The initial aerobic phase, typically 
lasting a few weeks, is marked by the aerobic degradation of 
organic matter, resulting in CO2 production and an increase in 
waste temperature. During this phase, the amount of leachate 
produced is minimal, consisting primarily of the water con-
tained within the waste. 

Once oxygen is depleted, anaerobic degradation begins, consist-
ing of two main fermentation phases. The acidogenic phase pro-
duces young leachate, which is easily biodegradable and char-
acterized by high concentrations of volatile fatty acids (VFAs), 
representing up to 95% of the organic matter and leading to low 
pH values. During this phase, metals are more soluble due to the 
low pH and bonding with the VFAs, resulting in relatively high 
concentrations of Fe, Mn, Ni or Zn. As the landfill matures, the 

methanogenic stage occurs, transforming VFAs into biogas (CH4, 
CO2). The organic fraction in this older leachate is mostly refrac-
tory, containing non-biodegradable compounds such as humic 
substances. The decrease in VFA concentration leads to an in-
crease of pH (around 8 in stabilized leachates). Consequently, 
the concentration of metal ions is generally low due to their de-
creased solubility at higher pH levels.

In summary, most parameters commonly examined in leachate 
samples – such as colour, conductivity, hardness, suspended 
solids, BOD, COD and heavy metals – exhibit higher values in 
young leachate compared to aged leachate. The exceptions to 
this trend are ammonia nitrogen and pH, which typically in-
crease over time. Table 1 provides typical compositions for dif-
ferent landfill ages. 

7



MAIN CHALLENGES IN LEACHATE TREATMENT
The management of MSW and the associated leachate presents 
a major environmental, economic and social issue worldwide. 
Despite the growing adoption of reuse and recycling policies, 
the volume of waste continues to rise at an alarming rate. Com-
pounding this issue, environmental regulations are becoming 
increasingly stringent, with progressively tighter discharge lim-
its being enforced.

The primary challenge in leachate treatment is its variable com-
position, high concentration of contaminants and potential 
toxicity. Leachate is comparable to the most complex industrial 
wastewaters, containing significant amounts of various organic 
and inorganic contaminants (mainly organic matter, nitrogen 
and salts), as well as certain hazardous compounds like heavy 
metals. A substantial fraction of the organic matter is recalci-
trant, which greatly hinders the effectiveness of conventional 
biological treatments. Furthermore, elevated concentrations of 
ammonia and dissolved salts introduce additional complexities, 
further challenging treatment processes.

The significant variability in leachate volume and composi-
tion, both from site to site and throughout the landfill’s lifetime, 
presents a major challenge. Leachate composition can change 
monthly, seasonally and over the years. Consequently, there is 
a growing demand for robust, flexible, and adaptable treatment 
processes and technologies. Operators typically require tech-
nologies that can be easily upgraded over the landfill’s opera-
tional lifespan.

With the tightening of landfill regulations and controls, and 
the introduction of new discharge standards, there is a grow-
ing need for innovative and cost-effective technologies to meet 
these requirements. Traditionally, the focus has been on remov-
ing organic material (measured by COD and BOD) and ammonia 
to a certain extent, to allow leachate discharge into sewers or 
natural water bodies. However, increasing awareness of po-
tential toxicity has led to tighter requirements for refractory 
COD, conductivity and heavy metals. This shift challenges the 
efficiency of conventional treatments, which often fall short of 
meeting the new legislative specifications.

Discharge limits, again, can vary considerably from one site to 
another. While national legislation differs in terms of stringency, 
the most notable variations are often driven by the specific char-
acteristics of the receiving water body, such as its ecological 
sensitivity, flow capacity, and designated use:

  �Indirect discharge: The treated effluent is sent to the sewer 
system, where it is subsequently treated at a municipal waste-
water treatment plant (or publicly owned treatment works – 
POTW – in the USA) after being mixed with wastewater from 
other sources, primarily domestic sewage. Generally, the dis-
charge limits for this type of effluent are more permissible. 
However, even in these cases, stricter requirements for COD 
and ammonia now necessitate the use of advanced treatment 
technologies.    

  �Direct discharge: The treated effluent is released directly 
into a natural water body. Quality requirements can vary 
depending on the discharge location (e.g., coastal areas vs. 
river or lakes). Direct discharge necessitates adherence to 
the most stringent limits, making the implementation of ad-
vanced treatment technologies almost mandatory.
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A global picture of solid waste management 
The World Banks’s ‘What a waste 2.0’ report (1) provides a global 
snapshot of solid waste management projections by 2050. It 
offers an in-depth analyses of waste generation trends across 
various regions and income levels, along with valuable insights 
into waste composition, collection rates, and disposal practices.

The report projects that global MSW production will reach 3,400 
million tons by 2050, marking a roughly 70 % increase from cur-
rent figures. Daily per capita waste generation in high-income 
countries is expected to rise by 19 % by 2050, while in low- and 
middle-income countries, it is anticipated to increase by approx-
imately 40 % or more. Notably, regions such as Africa, South 
Asia, and the Middle East are expected to see a 2 – 3 fold in-
crease in total waste quantity. In these areas, waste collection 
rates remain below 50 %, and alarmingly, most waste is still 
openly dumped.

Adequate waste disposal and treatment, including controlled 
landfills and well-managed facilities, are predominantly found 
in high- and upper-middle-income countries. Upper-middle-in-
come countries have the highest percentage of waste in landfills, 
at 54 %. Furthermore, wealthier countries tend to put greater 
focus on materials recovery through recycling and composting. 
In high-income countries, 29 % of waste is recycled and 6 % 
composted. Incineration is also more common. In high income 
countries, 22 % of waste is incinerated. 

Based on these facts and figures, a 
clear trend will emerge in the short to 
medium term, revealing marked dis-
parities between regions.

Low- and middle-income countries: 
The significant increase in waste vol-
ume and improved waste collection 
rates will drive the need for new san-
itary landfills. These facilities will play 
a crucial role in ensuring safe disposal 
and environmentally friendly leachate 
management.

High-income countries: Regulations 
for encouraging the waste valorization 
have been widely adopted across many 
countries. A key focus of these policies is the 
diversion of organic waste from landfills toward 
more sustainable processes such as anaerobic digestion 
and composting. As a result, while landfills will remain opera-
tional, there will be a growing prevalence of alternative leachate 
streams originating from facilities like Mechanical Biological 
Treatment (MBT) plants, composting operations, and biometh-
anization units.
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CONVENTIONAL TECHNOLOGIES AND  
DRIVERS FOR ADVANCED TREATMENT

Historically, leachate was often transferred and treated along-
side municipal sewage. However, this practice is increasingly 
being questioned, and many municipal sewage treatment plants 
are no longer accepting leachate. Over the past decades, lea-
chate recirculation – returning leachate to the landfill from 
which it was extracted – has also been employed. This method 
has certain benefits, such as promoting biodegradation by in-
creasing water content and transporting bacteria, nutrients and 
waste products, thereby shortening stabilization time. Nonethe-
less, this practice has been reported to be non-sustainable in 
the long term when the waste gets saturated. Despite this, it can 
serve as a contingency strategy for managing seasonal peaks. 

Biological processes have been commonly employed to remove 
biodegradable organic matter and ammonia. Aerated lagoons 
have been widely used, particularly in developing countries, 
although their removal efficiency is moderate (50 – 70 % COD), 
which often falls short of meeting regulatory discharge stand-
ards. The conventional activated sludge process (CASP) is also 
utilized, but it faces limitations due to poor sludge settleability 
or bacteria inhibition, both of which significantly reduce overall 
treatment efficiency.

Sequencing batch reactors (SBRs) offer greater flexibility and 
facilitate nitrification-denitrification processes. Alternatively, 
attached-growth technologies aim to overcome sludge settlea-
bility issues and enhance nitrification. These methods provide 
satisfactory efficiencies for young to intermediate leachates and 
when discharge requirements are not stringent. Anaerobic tech-

Selecting the most suitable technology for leachate treatment involves a broad spectrum of options, ranging from basic approaches 
– such as leachate transfer or recirculation – to advanced, high-efficiency solutions like membrane-based systems. The comprehen-
sive analysis presented below is organized into two primary categories: traditional and innovative technologies. Each of these is 
further subdivided into two subcategories, providing a clear framework for evaluating treatment strategies based on technological 
maturity and performance.

Traditional

LOW LOAD AND / OR  
LOW EFFLUENT QUALITY

Coagulation / flocculation
Chemical precipitation

Adsorption (MM filters, AC)

Aerobic
Conventional activated sludge 
Sequential batch reactor, SBR 

Attached-growth (MBBR, trickling filters, ...)

Anaerobic
UASB 

Anaerobic filters, ... 

BIOLOGICAL (ELIMINATION)

PHYSICAL - CHEMICAL (CONCENTRATION)

TRADITIONAL TECHNOLOGIES
nologies, on the other hand, are effective for treating very young 
leachates with high organic loads. However, they are typically 
employed as a pretreatment step, requiring subsequent aerobic 
or physico-chemical processes to meet final discharge require-
ments.

�ELIMINATION TECHNOLOGIES
These processes transform and remove contaminants, primarily 
through biological methods. Occasionally, oxidation technolo-
gies are used as a post-treatment step. 

�CONCENTRATION TECHNOLOGIES
These processes separate and concentrate contaminants into a 
smaller volume, which still requires management. They include 
physical-chemical methods such as chemical precipitation and 
filtration technologies.

In general, elimination technologies are regarded as the most effective for pollutant removal and offer greater sustainability over 
the medium to long term. In contrast, concentration-based technologies such as direct RO generate a reject stream that retains all 
the contaminants originally present in the leachate. This concentrated leachate requires additional handling, such as inertization, 
off-site treatment, or recirculation back to the landfill, thereby introducing further environmental and operational challenges.

RO reject recirculation to the landfill is practiced at several sites, although it requires continuous and careful monitoring of leachate 
composition over time. While certain components of the reverse osmosis (RO) reject can be partially stabilized through processes 
such as crystallization, adsorption, or biodegradation, the long-term trend always shows a gradual accumulation of contaminants. 
This leads to a decline in RO system efficiency and a rise in operational costs. Eventually, during the landfill’s lifecycle, a shift from 
concentration-based to elimination-based treatment technologies becomes necessary – or more economically viable. The critical 
objective is to prevent conductivity levels from escalating to the point where biological treatment processes become ineffective.
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MEMBRANE-BASED TECHNOLOGIES
Membrane filtration technologies are increasingly favored for 
leachate treatment due to their ability to consistently meet the 
most stringent effluent quality standards while offering high 
process reliability.

Ultrafiltration (UF) membranes are effective at removing parti-
cles, colloids, macromolecules and bacteria, and are sometimes 
used as pre-treatment for nanofiltration (NF) or RO processes. 
However, the most common application of UF membranes is 
in membrane bioreactors (MBRs). MBRs combine biological 
treatment for organic matter and nitrogen removal with UF 
membranes for efficient biomass and effluent separation. This 
process achieves high treatment levels, operates in compact 
systems with high biomass concentrations, produces low sludge 
volumes, and delivers excellent effluent quality. (More detailed 
information is provided in Section 5 of this document.)

HIGH EFFLUENT QUALITY

Aerobic
Membrane Bioreactor, MBR

Anaerobic
Anaerobic MBR, AnMBR, ...

BIOLOGICAL (ELIMINATION)

Ultrafiltration (UF)
Nanofiltration (NF)

Reverse Osmosis (RO)

PHYSICAL - CHEMICAL (CONCENTRATION)

Innovative

Regarding physico-chemical treatment, coagulation-floccula-
tion and chemical precipitation are occasionally employed, par-
ticularly for treating hazardous or aged leachates. These meth-
ods typically achieve moderate removal efficiencies and often 
require subsequent polishing steps to meet discharge standards. 
Adsorption technologies – most notably activated carbon (AC) – 
are effective in removing recalcitrant compounds such as persis-
tent COD and color. However, the need for periodic regeneration 
of AC columns limits their application to diluted leachates or as 
a tertiary treatment following biological processes.

Finally, advanced oxidation processes (AOP) are highly efficient 
at removing refractory compounds after initial treatments (e.g., 
biological). Their widespread use is often limited by substantial 
energy and chemical demands, which can make them economi-
cally and environmentally challenging. As a result, AOPs are typ-

NF membranes allow separating low molecular-weight com-
pounds, such as humic and fulvic acids, as well as certain ions 
like hardness and sulfates. When refractory COD is a limiting 
factor for meeting the discharge requirements, NF can be used 
to remove low molecular weight organic compounds and the as-
sociated colour. For stable NF membrane operation, the influ-
ent must meet specific quality criteria regarding suspended and 
colloidal matter, organics, and other factors. Consequently, NF 
is typically employed as a subsequent stage following the mem-
brane bioreactor (MBR) process.

Finally, RO membranes effectively retain nearly all dissolved 
compounds and ions, achieving removal rates of over 99% for 
organics, salts, heavy metals, or ammonia. The permeate quality 
is sufficient to meet the strictest discharge or reuse limits. RO 
can serve as the primary treatment process, following pretreat-
ment with multimedia filters, UF or similar methods. However, 
there are some drawbacks to this approach: membrane fouling 
due to the complexity of landfill leachate necessitates frequent 
chemical cleanings and results in shorter membrane lifespans. 
Additionally, the reject volume is typically high (over 20-30%), 
making its management complex and costly. Therefore, the most 
effective and commonly applied scheme combines the MBR pro-
cess for COD and nitrogen removal with a subsequent RO system 
to address refractory COD and conductivity.

When discharging into the sewer, MBRs are generally effective 
at removing organic matter and ammonia to meet regulatory 
standards. However, some discharge permits may also require 
additional treatment for color removal and, in certain cases, 
partial reduction of total dissolved solids (TDS).

When discharging into natural water bodies, treatment stand-
ards are significantly more stringent, and the MBR is sufficient 
only under specific conditions, such as discharge into certain 
coastal waters. More commonly, MBRs are followed by NF to re-
move recalcitrant COD and colour, or by RO when salinity needs 
to be removed. 

Combination 
MBR + NF 
MBR + RO 
MBR + AC

ically reserved for treating highly diluted 
leachates or employed as a tertiary treat-
ment stage where stringent discharge 
standards must be met.

In summary, traditional technologies of-
ten need to be combined to achieve high 
overall treatment efficiency. However, 
with increasingly stringent discharge 
limits, their ability to meet the required 
purification levels is being questioned. 
Additionally, in the case of combination, the 
global investment and operation costs may not be 
competitive. Consequently, new treatment alternatives 
have been developed and proven to be efficient in terms of 
both effluent quality and cost-effectiveness.
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TUBULAR MBR FOR LEACHATE TREATMENT
The Membrane Bioreactor has become a well-established and reliable technology for leachate treatment. As mentioned earlier, this 
process eliminates the contaminants rather than merely concentrating them, significantly reducing the reject volume. Moreover, 
MBR offers several key advantages over conventional biological treatments, including: 

HIGHLY EFFICIENT BIOLO-
GICAL TREATMENT
The high mixed liquor sus-
pended solids (MLSS) concen-
tration (12 - 15 g/L, up to 30 
g/L) enables extended sludge 
retention times, promoting 
the growth of nitrifying bacte-
ria and specialized microbial 
communities. This special-
ized biomass effectively as-
similates nitrogen and breaks 
down complex, poorly biode-
gradable organic matter com-
monly found in leachate.

SUPERIOR EFFLUENT 
QUALITY, FOR DISCHARGE 
OR REUSE 
UF membranes serve as a 
physical barrier against sus-
pended solids and colloidal 
matter, resulting in high-qual-
ity permeate that is virtually 
free of solids, turbidity and 
pathogens. The consistently 
low silt density index (SDI < 3) 
of the effluent makes it well-
suited for direct post-treat-
ment using nanofiltration (NF) 
or reverse osmosis (RO), par-
ticularly when further removal 
of color or dissolved salts is 
required. 

ROBUSTNESS AND  
FLEXIBILITY
MBRs consistently achieve 
high and stable removal ef-
ficiencies for COD and nitro-
gen, even under fluctuating 
leachate compositions and the 
presence of toxic or inhibitory 
components.

COMPACTNESS AND 
MODULARITY
External MBRs are among the 
most space-efficient solutions 
for leachate treatment, with 
minimized bioreactor volume 
and plug-and-play UF system. 
Upgrading and retrofitting ex-
isting conventional activated 
sludge processes (CASP) or 
SBR plants is straightforward 
and quick. Additionally, fu-
ture capacity expansions can 
be easily accommodated by 
scaling up the modular units, 
offering long-term flexibility 
and adaptability to evolving 
treatment needs.

Given the high fouling potential and poor filterability of leachate MBR sludge, the vast majority of the MBR installations for lea-
chate treatment worldwide utilize external tubular UF systems. Leachate is widely recognized as one of the most complex and chal-
lenging wastewaters to treat, requiring technologies that are exceptionally robust, adaptable, and reliable. In this context, external 
MBR systems equipped with tubular UF membranes are particularly well-suited. Their design effectively addresses the high fouling 
potential and low filterability of leachate sludge, offering superior operational resilience. Compared to submerged membrane sys-
tems, external MBRs provide several key advantages:

  �Stable filtration with effective fouling control. The self-cleaning effect created by the crossflow opera-
tion ensures the most efficient fouling control. External tubular membranes are significantly less impacted 
by foulant species or biomass byproducts, such as extracellular polymeric substances (EPS) or soluble 
microbial products (SMP), which can severely affect the performance of submerged membranes. 

  �Robustness and flexibility. External systems offer more flexibility and robustness, effectively handling 
the variability in leachate characteristics that can impact filtration performance. These systems can oper-
ate efficiently across a wide range of MLSS concentrations – up to 30 g/L – without compromising filtration 
performance.

  �Ease of maintenance. The 'out-of-tank' service allows full accessibility to membrane modules. This de-
sign simplifies maintenance tasks, enabling individual modules to be isolated and serviced with minimal 
disruption. This setup ensures hygienic operation, preventing operator exposure to odours, volatile com-
pounds, or aerosols. Chemical cleaning is easily automated and requires minimal downtime.

  �Robust membranes: High mechanical strength and less susceptible to breakage. Even with the complexity 
of leachate applications, Berghof tubular membranes can reliably operate for an average of 8 years, ensur-
ing long-term performance and reduced replacement frequency.

  �Minimum footprint, the most compact MBR systems: Less membrane area and no dedicated membrane 
tank required. Their compact, modular design – with reduced height and flexible layout – facilitates easy 
integration into containers or skids. The plug-and-play nature of these systems further simplifies deploy-
ment and relocation.
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The typical configuration for leachate treatment using external MBR is illustrated in Figure 1. The biological stage generally com-
bines anoxic and aerobic reactors to remove the high nitrogen load present in landfill leachate. Coupled with this biological process, 
external tubular ultrafiltration (UF) modules produce a high-quality, solids-free permeate. This treated effluent can either be safely 
discharged to the sewer or subjected to further polishing – using NF, RO or activated carbon filtration – to remove residual refractory 
organics and reduce conductivity. 

Key Message
Implementing MBR systems that offer effective and adaptable fouling control strat-
egies, even under challenging filtration conditions, ensures success. External tubu-
lar membranes are particularly advantageous when a reliable and robust system is 
needed to treat complex and variable leachate streams. OPEX related to membrane 
cleaning, replacement and labour costs will be drastically reduced.

Figure 1: Process flow diagram of leachate treatment with tubular MBR
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TUBULAR ULTRAFILTRATION MEMBRANES.  
THE EXTERNAL PRINCIPLE
An ultrafiltration membrane is typically 
composed of an anisotropic porous mate-
rial, featuring a thin, selective active layer 
supported by a thicker, microporous sub-
structure. It enables precise separation 
based on molecular size. The process is 
driven by the transmembrane pressure 
(TMP) which forces the liquid through 
the membrane, resulting in two distinct 
streams: the permeate, a clarified liquid 
free of suspended solids, colloids, and 
high-molecular-weight compounds, and 
the retentate (or concentrate), containing 
all the rejected species. 

Ultrafiltration membranes are available in 
two primary configurations: submerged 

and external. The fundamental distinction 
between them lies in their fouling con-
trol mechanisms, which prevent particles 
from adhering to the membrane surface. 
External tubular membranes operate in 
crossflow mode (also known as tangen-
tial filtration), using the velocity along the 
tubes to create shear stress that keeps the 
membranes clean. In contrast, submerged 
membranes are installed inside the biolog-
ical reactor, where fouling prevention is 
addressed by coarse bubbling. The cross-
flow velocity (CFV) in external membranes 
is much more efficient than the bubbling in 
submerged ones, allowing higher perme-
ate fluxes (4 – 5 times higher LMH). This 
efficiency reduces the required membrane 

area and overall system’s footprint – an im-
portant advantage for space-constrained 
landfill sites.

When dealing with leachate treatment, 
tubular MBR delivers the utmost perfor-
mance: it can handle high MLSS concen-
tration and, thanks to the crossflow opera-
tion, it provides high and stable permeate 
fluxes even with the challenging leachate 
sludge. This technology allows operators 
to sustain higher flux rates, with less fre-
quent cleanings, minimum maintenance 
requirements and extended membrane 
lifespan.

Why tubular MBR
  �Stable filtration: the most suitable for landfill leachate treatment

  �Lower fouling potential

  �Higher flux rates

  �Modular “plug-and-play” design

  �Easier operation, maintenance and replacement of modules

  �Quick commissioning and superior flexibility

  �Zero odour emissions
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CASE STUDIES
LEACHATE TREATMENT PLANTS – OVIVE SASU (France) 
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Figure 2: Annual production of leachate in Naujac since 2010 Figure 3: Seasonality in leachate production over one year in Naujac site 

Parameter Leachate MBR Effluent  Discharge Effluent Limit

COD (mg/L) 10,000 – 20,000 2,000 – 5,000 < 100

NH4 (mgN/L) 600 – 1,000 < 1 < 4

NGL (mg/L) 700 – 1,000 < 100 < 30

As (mg/L) 0.3 - 0.5 – < 0.02

Conductivity (µS/cm) 15,000 – 35,000 15,000 – 35,000 < 15,000

Table 2: Analytical process data in Naujac landfill (France)

With over 150 successful references worldwide, Ovive brings extensive experience in the design, supply, and operation of 
leachate treatment plants (LTPs). Tailored to each site's unique characteristics, leachate properties, and discharge require-
ments, the MBR process can be integrated with various post-treatments, including RO, NF or activated carbon, as outlined below. 

The Naujac landfill in France has been operational since 1990. 
To address increasing leachate volumes and stricter discharge 
limits, the local authority engaged Ovive in 2009 to construct 
and operate a leachate treatment plant. To account for the var-
iability of the influent, Ovive proposed a modular MBR solution 
with the following configuration: MBR (biology + UF), NF and 
filtration media (AC + Arsenic removal). Daily operations include 
routine plant maintenance, analytical lab monitoring, and con-
tinuous optimization of the treatment process.

To accommodate the growing volume of incoming waste, Ovive 
doubled the biological treatment capacity at the Naujac facility 
in 2014. In 2020, Ovive upgraded the Berghof UF unit, increas-
ing treatment capacity from 4 to 6 m³/h and improving plant 
availability to 90 – 95% (excluding periods without leachate 
production). To manage temporary surges in leachate volume, 
Ovive also provided mobile treatment units, such as additional 
UF or RO systems, when needed.

LEACHATE TREATMENT IN NAUJAC LANDFILL

PROJECTS OF OVIVE
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The Saint Pierre landfill in Reunion Island has been operational 
since 2004. In 2009, Ovive was appointed to design, supply and 
operate the LTP based on an external MBR solution, followed by 
NF for polishing treatment. To accommodate increasing leachate 
production, the plant’s capacity was expanded by 50 % in 2014, 
enabling it to process up to 200 m3 per day. In 2017, a sludge de-

watering system was added to improve solids management. By 
2019, the polishing stage was upgraded to comply with stricter 
discharge standards for marine disposal. In the short term, 
Ovive will build and commission a new installation to double 
the plant's capacity and handle new influents.

The Saint Pierre landfill faces operational challenges due to heavy 
rainfall events and the risk of cyclones, which demand resilient 
system design, responsive operations, and highly adaptable fil-
tration technologies. Seasonal fluctuations can cause concentra-
tions and flow rates to more than double. Ovive ensures continu-
ous service by temporarily adding extra filtration capacity when 
needed and providing intense operational support.

Parameter Leachate MBR Effluent  Discharge Effluent Limit

COD (mg/L) 6,000 – 15,000 4,000 – 7,000 < 300

NH4 (mgN/L) 800 – 2,800 – –

Conductivity (µS/cm) 20,000 – 30,000 20,000 – 30,000 < 15,000

Table 3: Analytical process data in Saint Pierre landfill

Figure 6: Containerized UF unit in Saint PierreFigure 5: Auxiliary mobile filtration units in Saint Pierre

Figure 4: Overall view of the LTP in Saint Pierre

LEACHATE TREATMENT IN SAINT PIERRE LANDFILL
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For a new site in Barka, Oman, the landfill operator engaged 
Ovive in late 2020 to design and construct an MBR LTP. The de-
sign had to account for local conditions such as warm weather, 
low precipitation, and proximity to the sea, as well as the com-

plexity of the leachate, with high concentration of pollutants 
and conductivity. The selected technology includes prefiltra-
tion, MBR (lagoon biology + UF) and RO. The LTP can treat up 
to 125 m3 per day.

Parameter Leachate MBR Effluent  Discharge Effluent Limit

COD (mg/L) 10,000 – 20,000 2,000 – 5,000 < 100

NH4 (mgN/L) 600 – 1,000 < 1 < 4

Conductivity (µS/cm) 15,000 – 35,000 15,000 – 35,000 < 15,000

TSS (mg/L) 1 – 1,800 < 5 –

Table 4: Analytical process data in Barka landfill

LEACHATE TREATMENT IN BARKA LANDFILL

Summary
The three cases above clearly illustrate the technological demands of mo-
dern leachate treatment plants and highlight why external MBR technology 
is the preferred solution: 

  �Robust and resilient design and equipment, required for handling strong 
and variable leachate treatment, 

  �Big reactivity and flexibility required to manage fluctuations in quantity or 
qualities and 

  �Long term modular strategy to adapt to changes in production (both quan-
tity and quality) and evolving regulations. 

Figure 7: Overall views of the LTP in Barka (Oman)
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LEACHATE TREATMENT PLANTS, DYNATEC SYSTEMS INC. (USA) 
Dynatec Systems, Inc. has been delivering industrial wastewater solutions for over 45 years, with more than 1,000 installa-
tions to their credit. The company has successfully implemented numerous leachate treatment systems across a wide range of 
landfill types – including municipal solid waste, construction and demolition (C&D), and hazardous waste sites. Where requi-
red, Dynatec supplies advanced polishing technologies such as NF and RO systems for further purification following MBR treat-
ment, ensuring compliance with stringent discharge regulations and environmental standards.

The original landfill leachate treatment facility at New Jersey  
began operations in 1994 with a design capacity of 160 m3/d. 
The system featured a multi-stage pre-treatment process that in-
cluded chemical treatment, anaerobic and aerobic processes. The 
treated water was stored on-site and subsequently transported 
via tanker trucks to the municipal wastewater treatment plant. 
This setup reflected the standard practices of the time, prior to 
the widespread adoption of advanced membrane technologies.

MSW LANDFILL IN NEW JERSEY

PROJECTS OF DYNATEC SYSTEMS

RO FEED
TANK

Two-pass
Reverse
Osmosis

Fine bubble
aeration

BIOREACTOR

Leachate from Land�ll

RO Reject to Land�ll

Excess sludge to land�ll

RO Permeate to 
surface water

UF Permeate

Figure 9: General leachate treatment scheme in NJ municipal landfill

At certain stage, the expansion of the landfill led to a significant 
increase in both leachate flow and contaminant concentrations. 
This was primarily due to the extension of the landfill gas col-
lection system and the subsequent introduction of highly con-
taminated landfill gas condensate into the leachate collection 
network. As a result, the existing conventional treatment was no 
longer capable of handling the increased hydraulic and pollutant 
load. Additionally, the escalating costs associated with trans-
porting the excess leachate to a publicly owned treatment works 
(POTW) rendered this approach economically unsustainable.

In response, the landfill authorities decided to implement a new 
leachate treatment solution in 2009, utilizing external MBR tech-
nology followed by a double-pass RO system (Figure 11). This 
configuration was selected for its robustness, high treatment 
efficiency, and ability to meet stringent discharge requirements.

Figure 8: Ultrafiltration in NJ municipal landfill
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Following a successful pilot study, the full-scale plant was 
commissioned in 2012. Since then, it has consistently treated 
an average flow of 60,000 – 70,000 gallons per day (227 
– 265 m³/d), with peak flows reaching up to 75,000 gallons 
per day (284 m³/d). This robust solution has ensured consist-
ent compliance with stringent surface water discharge stand-
ards, including TDS below 500 mg/L and total nitrogen below 
10 mg/L, as detailed in Table 5 below.

Summary
The NJ leachate treatment plant has achieved several key milestones:

  �Complete Nitrification: Discharge shows non-detectable levels of N-NH4, with 
total nitrogen below 10 mg/L.

  �Total Dissolved Solids: Consistently within the permit limit of 500 mg/L.

  �Heavy Metals: Concentrations meet discharge requirements.

  �COD Reduction: Despite higher-than-design COD levels (up to 4,000 mg/L), the 
system consistently achieves 85 – 90% COD reduction.

  �Operational Cost Savings: Costs per gallon have been significantly reduced – 
almost fourfold – due to avoided hauling costs and discharge fees.

 Parameter Influent MBR Effluent RO Effluent

COD (mg/L) 3,210 800 No Data

TKN (mg/L) 1,040 < 10 < 1

NO3 (mgN/L) 370 1,370 < 10

TP (mg/L) 100 80 < 1

TDS (mg/L) 8,700 ~ 5,000 < 50

Table 5: Analytical results. Influent, MBR effluent and RO permeate average concentrations

Figure 11: RO in NJ municipal landfill

Figure 10:Biological reactor in NJ municipal landfill
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HAZARDOUS WASTE LANDFILL
A hazardous waste landfill needed to develop a treatment pro-
cess capable of removing COD, high TDS, heavy metals, phenol, 
polychlorinated biphenyls (PCB’s), ammonia and molybdenum 
from its leachate. The existing treatment consisting of chlorina-
tion followed by activated carbon was costly. 

To address the complex leachate composition, a pilot study was 
conducted using chemical/physical pretreatment and MBR to ni-
trify, reduce the high COD and phenol and overcome the poten-
tially toxic conditions. Dynatec supplied a pilot treatment plant 
to be used as an investigative tool for the design of the full-scale 
treatment process. 

The leachate generated at this hazardous waste landfill exhibits 
a particularly complex and challenging composition, with COD 
levels ranging from 3,000 to 6,000 mg/L, ammonia concentra-
tions between 600 and 700 mg/L, and phenol levels varying 
from 40 to 70 mg/L. Additionally, TDS content is notably high, 
ranging from 23,000 to 37,000 mg/L. Some unique challenges 
offered by this application were:

  �Foaming

  �Toxicity from the metals, phenol and other unidentified sub-
stances

  �Biological temperature sensitivity

  �Sensitive nitrification process

  �Difficult chemical precipitation of metals

  �Small footprint requirement

Dynatec was engaged to supply and install the full-scale system 
because of track record with the selected technologies and the 
HiRate™ MBR’s ability to process the high MLSS requirement. 
The process design consists of the following:

  �Metals Pretreatment: The hazardous wastewater is pretreated 
for removal of CN, Cr, Cu, Pb, Ni and Zn.

  �Equalization and blending: The hazardous wastewater is 
mixed with non hazardous wastewater in the equalization 
tank to support effective biological nitrification. Approx-
imately 65 % of the wastewater discharged is hazardous 
wastewater and 35 % is non-hazardous.

  �Biological Treatment via MBR: The wastewater is sent to the 
MBR for removal of phenol, ammonia, nitrogen and COD.

  �Post-Treatment for Molybdenum: MBR permeate undergoes 
additional to remove organically bound molybdenum, which 
does not precipitate effectively during pretreatment. The 
MBR plays a critical role in removing interfering compounds 
that hinder molybdenum precipitation.

  �Sludge management: sludge generated from the metals pre-
cipitation is mixed with waste activated sludge (WAS). After 
the addition of iron and lime, it is dewatered in a filter press. 
The resulting solids are safely disposed of within the landfill.

Figure 12: General hazardous waste landfill leachate treatment scheme
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Dynatec supplied and installed the system including a stainless 
steel insulated covered bioreactor with both heating and cooling 
capabilities to maintain optimal biological activity under var-
ying temperature conditions. To solve the foaming problem, a 
combination of jet aeration, defoamer, DO control and concen-
trate return splash plates were employed along with an emer-
gency potable water spray to prevent foam-over.

The membrane filtration equipment was engineered to make 
efficient use of a small existing building that houses the mem-
branes, controls, dewatering and other equipment. The treated 
water is discharged to the sanitary sewer.

During system startup, a specialized bacterial culture was added to promote nitrification, 
significantly improving biological performance. After an acclimation period, the COD removal 
efficiency increased to the range of 89% to 96 %. Phenol in the effluent is typically below 
0.1 mg/L and metals removal is consistently well below both discharge requirements and 
toxicity levels required to protect the biological process.

The MBR system is currently operating at high mixed liquor concentration, with average MLSS 
of 24,000 mg/L. This elevated biomass level is made possible by the robust jet aeration sys-
tem, which ensures effective oxygen transfer and mixing under high-solids conditions. Oper-
ating temperatures range from 25 °C in winter to 36 °C in summer.

The comprehensive treatment system delivered has consistently performed beyond expecta-
tions. Dynatec’s extensive experience in applying membrane technologies to complex waste-
water challenges has been instrumental in designing and delivering a solution that performs 
reliably, even under the most demanding conditions. 

Figure 13: Tubular UF system
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MBR BIOMEMBRAT®, Ovive GmbH (Germany) 
With more than 250 references in leachate treatment, Ovive GmbH (ensuring Wehrle Technology) has established a strong track 
record of expertise – ranging from solution development in their in-house expert laboratory to tailored plant design, reliable 
implementation and operation of the plants.

PROJECTS OF OVIVE GMBH BIOMEMBRAT®

The BIOMEMBRAT® (MBR) at the AWM Munich landfill was com-
missioned in 1999 to treat 123 m³/d of leachate and has now 
been operating continuously for 26 years. It stands as a long-
term reference for cost-effective and efficient leachate treat-
ment. As illustrated in Figure 16, the system achieves effective 
decontamination of the landfill, eliminating organic pollutants 
and nitrogen compounds while preventing their accumulation 
within the landfill body – thus supporting its long-term stability.

LONG-TERM LEACHATE TREATMENT WITH MEMBRANE 
BIOREACTOR TECHNOLOGY AT AWM MUNICH LANDFILL
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Figure 16: Elimination rates in Munich LTP 

Figure 15: AWM Munich Landfill – © Ovive GmbH

AWM Munich Landfill – © WEHRLE WERK AG

The MBR process offers the flexibility to adapt to the evolving 
conditions over the landfill’s lifecycle. In 2009, the plant was 
upgraded to the Low-Energy BIOMEMBRAT® configuration. 
Since then, further minor optimizations have helped maintain 
high performance while reducing operating costs, resulting in a 
total expenditure (TOTEX) of just 6.08 €/m³.

This case demonstrates how efficient leachate treatment can be 
maintained throughout the entire operational 20 years lifetime 
of a landfill – delivered through a robust, automated, and sus-
tainable MBR solution.

PROCESS: BIOMEMBRAT® WITH POLISHING BY GRANULAR ACTIVATED CARBON

Figure 14: AWM Munich Landfill – © Ovive GmbH
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Figure 17: Average concentration within 20 years of landfill life cycle
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The landfill site at Baishi Ao in Foshan City, China, generates 
an average of 1,050 m3 of leachate daily, necessitating effec-
tive treatment. In year 2007, a LTP featuring external MBR as 
the central treatment component was commissioned. The MBR 
permeate undergoes post-treatment via nanofiltration before 
discharging 850 m3 of final effluent per day into a surface water 
body. 

The leachate stream is equalized in a 500 m3 tank, resulting in 
an average hydraulic retention time (HRT) of 11.4 hours. From 
the equalization tank, leachate is directed to the MBR process. 
Before entering the biological reactor, leachate is screened to 
0.4 mm to remove coarse solids and debris. Biological treatment 
involves 900 m3 anoxic and 4,200 m3 aerobic reactors, with cor-
responding HRTs of 21 hours and 4 days. The average MLSS con-
centration is 15 g/L. 

FIRST LANDFILL LEACHATE TREATMENT PLANT  
FOR VEOLIA IN CHINA

Table 6: Analytical results of MBR effluent

 Parameter MBR Effluent

BOD (mg/L) < 15

COD (mg/L) < 1,500

Ammonia (mgN/L) < 5

TKN (mgN/L) < 100 

TN (mgN/L) < 300

Figure 20: Membrane skids at Baishi Ao landfill: NF in the left and Tubular UF in the right

Figure 20 illustrates the tubular UF system, which consists of four trains, each equipped with six membrane 
modules with 27.5 m2 unitary surface per module. This results in a total membrane area of 660 m2. The system 
operates with an average transmembrane pressure of 3 bar and a crossflow velocity value of 4 m/s. Under 
these conditions, the permeate flux is 85 LMH, significantly higher than the 66 LMH considered at design 
stage. During the dry season, the plant can operate with two of the three loops, with full flow capacity only 
required during periods of sustained rainfall. Clean-in-place (CIP) procedures are conducted every six weeks, 
utilizing both alkaline and acid steps. Table 6 summarizes the composition of the MBR effluent. 
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Figure 22: Biological reactor in Riedenberg landfill

At the Riederberg landfill in Austria, a two-stage reverse osmo-
sis (RO) system was replaced by the BIOMEMBRAT® plus MBR 
process with a hydraulic load of 80 m³/d. The MBR was com-
missioned in 2012 and continues to operate successfully today. 

ELIMINATING CONCENTRATE DISPOSAL AND REDUCING 
COSTS: MBR SUCCESS AT RIEDERBERG LANDFILL

Table 7: Analytical results of influent and effluent 

 Parameter Influent MBR Effluent 
after NF and GAC

COD (mg/L) 15,000 < 300

NH4-N (mg/L) 3,500 < 200

AOX (mg/L) 2 < 0.5

Figure 24: Ultrafiltration system in Riederberg landfill

The former RO system posed challenges due to high operating 
costs and the generation of 40 m³/d of concentrate, which re-
quired costly external disposal.

The BIOMEMBRAT® plus system effectively removes biologically 
COD by 97% and ammonia up to 99%, while a downstream NF 
unit serves as a polishing step – ensuring the reliable removal 
of dissolved compounds and compliance with discharge regula-
tions. The NF concentrate is treated with activated carbon and 
then returned to the plant inlet. This closed-loop approach min-
imizes external waste disposal.

Within the first two years of operation with the MBR, the mod-
ified plant achieved a 50 % reduction in operational costs – 
equivalent to approximately € 6 million in savings during the 
remediation phase.
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Figure 21: COD concentration of leachate at the inlet of the treatment plant
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Phone: +31 588 100 110  
Mail: info@berghofmembranes.com 
Web: www.berghofmembranes.com

ABOUT  
BERGHOF MEMBRANES
BERGHOF MEMBRANES IS A LEADING  
MANUFACTURER OF TUBULAR UF MEMBRANES. 

For more than 50 years, we have been working closely with leading OEMs for ad-
dressing the most challenging industrial water projects with efficient, reliable and 
cost-effective solutions.

To provide the best support and track experience to end users, we put our deep 
knowledge and extensive know-how at the disposal of our partner OEM’s.

Berghof tubular UF is recognized for its robust and reliable operation, resulting in a 
consistent output and low cost of ownership. This is why more than 2,500 industrial 
end users put their trust in our products day by day.




