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Mechanical Biological Treatment (MBT) is a generic term for the integration of a
number of waste management processes such as materials recovery facilities (MRF),
refuse derived fuel (RDF) production, mechanical separation, sorting, composting and
pasteurising. Originally the development of MBT in the last twenty years took place in
Germany and Austria but the technology is spread all over in Europe and worldwide
in the meantime. The MBT process is designed to take residual or black bin waste and
process it so that valuable recyclable materials can be separated out and the biomass or
compostable element is separated out and processed through an In Vessel Composting
(IVC) or an Anaerobic Digestion (AD) system.
One main advantage of the MBT technology is the fundamental flexibility. The construction and layout can be adapted to the legal and technical circumstances on site.
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1. BREF and BAT
The European BREF documents (Best Available Technique Reference Documents)
describe the Best Available Techniques (BAT) for low-emission operation of industrial
plants which also include waste treatment plants. The definition of the best available
techniques in terms of the BREFs is similar to that of the German term state of the art.
The legal basis is the Industrial Emissions Directive 2010/75/EU (IED Directive)
which replaced the Integrated Pollution Prevention and Control Directive of 15th
January 2008 (IPPC Directive). With the adoption of the IED Directive, the BREF
Documents have been gaining increased legal weight. They must be observed in setting permit conditions and constitute a major element of the permitting process. For
example in Austria the implementation of the BREF documents are regulated by law:
Anwendung von BVT-Schlussfolgerungen für IPPC-Behandlungsanlagen § 43a. (1) BVTSchlussfolgerungen sind als Referenzdokumente für die Erteilung einer Genehmigung
für eine IPPC-Behandlungsanlage mit dem Tag der Veröffentlichung im Amtsblatt der
Europäischen Union anzuwenden. [1]
Due to the ongoing progress in technology development, the BREF Documents must
be reviewed for currency on a regular basis and revised, if necessary. The BREF Waste
Treatment Industries was published in 2006 and the review process has started. [3, 4]

2. MBT systems
Regarding the material specific waste treatment the mixed waste will be sorted in different fractions and therefore MBT can be divided in three different technology options:
• Mechanical-biological waste treatment (MBT)
• Mechanical-biological stabilisation (MBS) or biological drying
• Mechanical-physical stabilisation (MPS)
Looking mainly on processing of the organic element of the waste stream MBT is often
referred to the following systems:
• Aerobic stabilisation
• Anaerobic digestion
• Biological drying
What is common to all types is a front end mechanical processing of the waste. This
typically combines some form of shredding followed by a separation of the biodegradable material from non-biodegradable fraction. The differences between the MBT
systems derive from the type of the biological treatment (aerobic or anaerobic) and
the treatment target (stabilisation or drying to foster subsequent separation stages).
The aim of the mechanical-physical stabilisation (MPS) is the production of RDF using
mechanical and physical processes.
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2.1. Aerobic stabilisation
The key target of this approach is to stabilise the waste and hence reduce the amount
of biodegradable municipal waste (BMW) going to landfill. This is based on the requirements of the EU landfill directive and was implemented in different EU member
states with different methods to determine the reduction of the biodegradables content
in the waste.
For the purpose of BMW diversion from landfill an MBT plant could simply compost
all waste without any separation and landfill the residues. This might be a first stage
of the development of a waste treatment system and would help to meet current legal
requirements in terms of BMW diversion. It would be a straightforward solution which
would not rely on markets for products from the process like RDF etc.
The more common approach shown in Figure 1 combines the biological treatment with
mechanical processing steps to separate products from the waste prior or/and after the
biological treatment. The configuration can comprise a wide range of technologies and
resulting products. This is reflected in the mass flow diagram which shows a fairly wide
range for the products that can be separated.
A common approach is the front-end separation of a RDF fraction which can be utilised
in industrial processes like cement kilns, coal power plants, purpose built combustion
facilities (e.g. to feed the energy to an industrial process) or in a mass burn incineration.

Input
100 %

mechanical
processing
50 - 95 %
composting
(approx.
4 - 6 weeks)

RDF (5 - 50 %)
Recycables (3 - 25 %)
(metals, plastics, etc.)
Water
Carbondioxid

20 - 30 %

stabilised waste
25 - 60 %

post refinement

Figure 1:

RDF, recycables
rejects
compost like output
(5 - 15 %)

MBT for stabilisation

Source: Müller, W; Bockreis, A: Relevance, Targets and
Technical Concepts of Mechanical-Biological Treatment in
Various Countries. In: Waste-to-Resources, IV Internationale
Tagung MBA & Sortierung. Hannover: Cuvillier Verlag, 2011

In case of a front end separation the
material left after the separation of the
RDF is enriched with easily degradable
components like kitchen waste and dirty
paper, like tissues, which are not suitable
for recycling. This material is then treated
through an aerobic process (composting)
where aerobic (oxygen breathing) bacteria
and other micro-organisms digest organic
wastes. In the process the bacteria grow
and reproduce by using some of the energy and material in the organic matter. This
process yields carbon dioxide and heat.
The treatment time required for composting is usually determined by the rate at
which the feed can be hydrolysed. Higher
temperatures accelerate the hydrolysis
stage, but the number of micro-organisms
that can survive these higher temperatures
is reduced.
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The continuation of the composting process requires the addition of water. Water is
needed to hydrolyse the feedstock and progress the other biochemical reactions. The
stabilised waste can then be landfilled. An alternative discussed in some countries
in Europe is a compost-like-output (CLO) which can be produced through a postrefinement stage. At this stage other material, like RDF or aggregates can be separated
as well if a market is available and the process is economically viable.

2.2. MBT with anaerobic digestion
Anaerobic Digestion is a biochemical process which takes place in a vessel in the absence of oxygen and results mainly in the formation of a carbon dioxide and methane
gas mixture known as biogas.
Anaerobic Digestion is very often referred to as a separate MBT approach. This might be
justifiable for the aspect that renewable energy is produced. If looking at it with respect
to legal requirements for waste treatment AD is just one component of a MBT strategy.
The most common approach where AD is involved is through the stabilisation approach.
AD in such a context would be used as the first stage of the biological treatment which
focuses on the anaerobically easily degradable waste components. The biogas produced
during digestion is used to satisfy internal electrical power generation and heating
requirements. Surplus electrical power (and heat) can be sold as renewable energy.

Input
100 %

mechanical
processing
50 - 95 %
AD maturation
1 - 3 weeks

RDF (5 - 50 %)
Recycables (3 - 25 %)
(metals, plastics, etc.)

70 - 120 m3 Biogas/t

stabilised waste
25 - 60 %

post refinement

Figure 2:

RDF, recycables
rejects
compost like output
(5 - 15 %)

MBT with anaerobic digestion

Source: Müller, W; Bockreis, A: Relevance, Targets and
Technical Concepts of Mechanical-Biological Treatment in
Various Countries. In: Waste-to-Resources, IV Internationale
Tagung MBA & Sortierung. Hannover: Cuvillier Verlag, 2011

438

The digestate is usually dewatered and
treated aerobically (composted; often
referred to as maturation). The purpose
of this second stage is to further stabilise
the waste, reduce the mass and reduce the
odour of the material.
Figure 2 shows such an approach. The
flow diagram looks very similar to the
stabilisation approach. There is a significant impact in terms of process technology involved and the invest costs of
AD concepts are typically higher then
composting. On the other hand revenues
from the biogas utilisation via CHP can be
generated which might offset the higher
investment costs.
An alternative to dewatering and further
composting of the digestate is the direct
use of the digestate as a liquid fertiliser/
soil conditioner. This is subject to meeting
any legal requirements and conditions
imposed. One major aspect is that the material would have to be sanitized as requested by the animal by-products legislation.
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Figure 3 below shows the development of anaerobic digestion facilities in Europe for
both biowaste (source separated kitchen and garden waste) and residual waste through
MBT. It can be seen that anaerobic digestion of residual waste has rapidly increased
over the last five to seven years.
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Development of MBT plants in Europe

Source: Mattheeuws, B.: Anaerobic digestion - State of the art 2010 Organic Resources in the Carbon Economy. In: Proceedings
of the 7th International Conference ORBIT, Thessaloniki, Grafima, 2010

2.3. Biological drying
Biological Drying is the other fundamentally different MBT approach. The scope of
this approach is to make use of the energy content of the waste to produce a (high
quality) RDF.
The most well-known technology suppliers/developers of this approach are Herhof
(Germany, now owned by the Greek civil construction company Helector) and Ecodeco
(Italy). But other composting technologies can also be used for biological drying by
modifying the process control parameters.
The main purpose of the biological part of the process is to produce heat to drive of the
moisture from the waste in order to enable easier and more efficient mechanical separation. In this case the mechanical separation is performed after the biological treatment.
The waste is shredded and placed in enclosed bio-drying boxes. Air is forced through
the waste creating optimum conditions for microbiological activity which is associated
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Input
100 %

shredding

composting
1 - 3 weeks
70 - 80 %
mechanical
processing

Water
Carbondioxid

20 - 30 %

RDF (40 - 50 %)
metals (2 - 4 %)
Recycables ?

rejects to landfill
approx. 20 %

Figure 4:

MBT – biological drying

Source: Müller, W; Bockreis, A: Relevance, Targets and
Technical Concepts of Mechanical-Biological Treatment in
Various Countries. In: Waste-to-Resources, IV Internationale
Tagung MBA & Sortierung. Hannover: Cuvillier Verlag, 2011

with the production of heat. This heat is
used for the evaporation of the moisture
of the waste and hence drying of the waste.
Since the microbiological activity relies
on the presence of water it will cease at
moisture contents of the waste around
fifteen to twenty percent. Further drying
can be achieved with pre-heated air. This
can be produced passing hot air over a
heat exchanger. The integration of a heat
exchanger also helps to reduce the exhaust
air volumes since the air can then be recirculated in the process.
With the drying of the waste the calorific
value of the material is increased.
The original idea of the biological drying approach was the production of a
high quality RDF which can be burnt in
industrial plants like cement kilns for a
lower price than in a combustion facility
or mass burn incineration. More recently
the separation of recyclables became more
relevant since automatic sorting technologies became available and efficient.

There are also a few examples of existing facilities where physical drying is used for
the drying. The treatment target is the same but the drying process requires external
energy like oil or gas. Hence the operation costs are higher and the energy efficiency
of the total process is lower. The advantage is a more compact design which might be
relevant in areas where space is limited.

3. MBT as a source for resources and energy
Generally waste can be seen as a resource and with MBT it is possible to separate the
resources for recycling or energy recovery
• Due to the increasing prices for resources like metals one main focus in MBT,
especially in the European countries is on the intensified metal separation.
• The energy efficiency of process combinations of MBT and energy recovery of the
RDF is dominated by the energy efficiency of the process of energy recovery. The
energy amount for the treatment of the waste is mostly subordinated. Achieving a
high separation of high calorific values and using them efficiently in coal fired power
stations or cement plants higher net energy ratio can be reached than burning the
total waste stream in an incineration plant. [2]
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4. MBT in Europe
MBT is well established in many countries in Europe with major capacity in Italy,
Germany, Spain and Austria. Many other countries are introducing MBT and substantial plants are under development or proposed, for example, in the UK and France
as well as in Eastern European countries. Especially for the Balkan states there is still
an enormous potential for the implementation of MBT technology [9].
Whilst in Germany, Austria and Italy the purpose of the biological process is to stabilise
the waste prior to landfill, in other countries the production of low grade compost is
a part of the MBT concept. Because of the higher content of pollutants compared to
compost produced from source separated organic (kitchen and garden waste), the use of
such compost can be very controversial. The major country to promote the use of mixed
waste compost is France, but it is being discussed and used in several other countries.
In some countries like Sweden and Norway there are currently no relevant activities
with respect to MBT because to the strict requirements (TOC solids smaller than ten
percent).

4.1. Germany and Austria
In Germany about 45 mechanical and mechanical-biological treatment plants are operated with a total capacity of approx. five million Mg per year of MSW. This amount
corresponds with nearly 25 percent of the total amount of MSW in Germany. The
current focus in Germany is on the optimisation of the economic feasibility of MBT
plants due to overcapacity of incineration plants which leads to an extensive decline
in treatment costs. [2]
In Austria sixteen MBT plants with an authorised capacity of 741,000 Mg per year exist.
But not all of the plants are operated at the moment due to low prices and overcapacity
for incineration as well as in Austrian incineration plants as in plants in neighbouring
countries.

4.2. Italy
Italy is the country with the highest number of MBT and the highest capacity.
Number of MBT:

133

Available capacity:

fourteen million Mg per year

Actual amount of waste treated in MBT:

5.6 million Mg per year

The difference between available capacity and actually used capacity is due to the fact
that several plants are under revision or modifications are carried out. Another reason
is that some plants are now treating source separated organic kitchen and garden waste
(biowaste). In 2007 3.5 million Mg per year biowaste had been collected and treated.
With respect to the MBT concept the stabilisation approach is prevailing but more
recently the biological drying became more relevant and some plants are modified to
biological drying plants.
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Similar to Germany and Austria the stabilized organics is predominantly landfilled.
A land use of this material as dirty compost is seen as taboo in most cases and would
require a special permit. The only relevant option for the use of this material is onetime application for recultivation purposes.

4.3. Spain
MBT is also prevalent in Spain with some of the biggest plants in Europe (400,000 Mg
per year) and a focus on anaerobic digestion. .
Some of the more recently built MBT plants include complex front-end mechanical
preparation technologies with automatic sorting for the separation of various types of
plastic, paper/cardboard and high quality RDF.
In Barcelona five so-called Ecoparcs have been build which show the flexibility of MBT.
With increasing amount of source separated biowaste treatment capacity of the MBT
is changed from MBT to biowaste-treatment.
In all other parts of Spain, agricultural use of the compost-like output (CLO) from
MBT is possible. The requirements for compost from mixed waste are specified in Real
Decreto 824/2005. According to available data only five to max. ten percent of the Input
to MBT are utilised as compost.

4.4. France
France is very sceptical with respect to source separation of biowaste but favours
compost production from mixed waste. The view is that compost with low content of
contaminants can be achieved by using appropriate separation technologies and source
separation of biowaste is therefore dispensable. Accordingly there are numerous plants
in France that produce compost from mixed waste. But there are also a similar number
of plants using the same technology where the stabilized organics is landfilled. It can
be assumed that this is because of the lack of market for this low quality compost.
Similar to Spain the new MBT plants in place or in planning stage often include separation of recyclables using automatic sorting.

4.5. United Kingdom
MBT also plays an important role in the UK with more than thirty MBT plants in
operation, mainly producing RDF and stabilized organics for landfilling. Further plants
are currently under in the planning or under construction [8]. CLO is also discussed
and possible in the UK but only for very limited purposes (mainly land reclamation).

4.6. Greece
Municipal Solid Waste (MSW) in Greece is still a major issue of concern [7]. The
main policy orientation in Greece is the maximization of material recovery through
the implementation and extension of recycling programs with source separation in all
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larger municipalities, in addition to the construction of Material Recovery Facilities
(MRF) – 28 plants operate currently. The total annual MSW quantity utilized in the five
existing MBT facilities is estimated at 602 kt, of which twenty percent are transformed
to compost like output. [7]

5. MBT worldwide
MBT is also discussed outside Europe. MBT concepts are also considered for countries
with no or less developed waste management using low-budget solutions. Hence MBT
can provide to gradually develop a regular waste management infrastructure.
But also in other industry countries outside Europe MBT is considered but as there
is no EU landfill directive or equivalent in place the concepts typically focus more on
recycling and RDF production rather than stabilisation of the organic fraction prior
to landfilling.
This is the case e.g. for South Korea where MBT is heavily promoted by the government.
Because of high requirements for the RDF (heat value, moisture content) sophisticated
plant concepts are required.
The large international cement companies show increasing interest in RDF since the
energy in the RDF is cheaper compared to coal and other fossil fuels.

6. Summary – key advantages of MBT
There are a lot of advantages of MBT but strongly depending on the specific situation
on site like the requirement to have recycling plants for the produced recyclables as
well as the legal situation.
The key advantages are, cp. [6]:
• MBT is often perceived as a greener solution for the treatment of waste when compared with mass burn incineration. As a consequence, it could be easier to obtain
planning permission than it is for incineration.
• MBT is based on existing and well known technology (mechanical treatment stages,
composting).
• MBT is a versatile and flexible concept which can be adapted to a wide range of
conditions.
• MBT can be economically viable for low waste quantities and be part of a wider
waste infrastructure where, for example, several smaller plants which prepare the
waste are combined with a bigger unit for producing fuel or recycled materials. This
saves transport costs and adheres to the proximity principle.
• Smaller scale plants built for a local community are often more acceptable to the
public than bigger plants for a wider collection area. Hence planning consent can
often be more easily achieved for such plants
• MBT can be developed quicker than alternative treatment technologies and may
be the quickest option for local authorities to legal requirement.
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• MBT is a fairly flexible system approach which can be adjusted to local conditions
and treatment targets, it can be developed gradually through a /modular system
and also cope with a wide range of waste quantities and waste types.
• MBT can be developed to optimise the energy yield from waste, including the production of renewable energy via AD and heat and power via RDF combustion. With
MBT a more uniform and homogenous fuel (RDF) can be produced which can be
used more flexible and hence increase energy efficiency. As the energy production
is decoupled from the waste treatment process the energy might be produced where
it is needed and hence the overall efficiency is higher compared with a mass burn
incineration.
• MBT reduces the volume of residual waste due to the breakdown of the waste. This
minimises the amount of landfill and therefore the landfill space taken for any
residual waste, which maximises landfill resource.
• Hazardous waste contaminants, such as batteries, solvents, paints, fluorescent light
bulbs etc. can be separated through an MBT plant and it is a requirement that hazardous waste is not disposed of through municipal landfill sites and it is essential
that it does not go through into the organic waste stream.
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