Mechanical Biological Treatment and its role in Europe 1

Mechanical Biological Treatment and its role in Europe

Wolfgang Miiller

Poyry Environment GmbH, department IGW, Witzenhausen

1 Introduction

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 pasteur-
ising. In order to minimise environmental nuisance for odour, fly and noise nuisance,
these facilities are required to be housed within a building and normally under negative
pressure. The use of bio-filters is also required to treat any odour problems.

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.

2 MBT Systems

MBT is often referred to 3 main types of MBT system that can process the organic ele-
ment of the waste stream:

e Aerobic stabilisation
e Anaerobic digestion
e Biological drying

What is common to all types is that there is a front end mechanical processing of the
waste. This will be through some form of shredding and additional treatment to separate
the materials from organic to non organic materials. The differences are in the type of
the biological treatment (aerobic or anaerobic) and the treatment target (stabilisation or
drying to foster subsequent separation stages).

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 require-
ments of the EU landfill directive and was implemented in different EU member states
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with different methods to determine the reduction of the biodegradables content in the
waste (see section 3).

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 re-
quirements 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 is shown in figure 1 to combine 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 a wide range of products. This is reflected in the mass flow diagram which shows a
fairly high range for the products that can be separated.

A common approach is the front-end separation of a RDF fraction which will 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.

In case of a front end separation the material left after the separation stage 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 time taken 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 re-
duced.

The continuation of the composting process requires the addition of water. Water is
needed to hydrolyse the feeds and progress the other biochemical reactions. The stabi-
lised waste can then be landfilled. An alternative discussed in some countries in Europe
is a compost like product that can be produced through a post-refinement 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.
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Figure 1: MBT for stabilisation

2.2 MBT with Anaerobic Digestion

Anaerobic Digestion is a biochemical process which takes place in a vessel in the ab-
sence 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 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 then 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 provide internal electrical power generation and
heating requirements. Surplus electrical power (and heat) can be sold as renewable
energy.

The digestate is usually dewatered and treated aerobically (composted; often referred to
as “maturation”). The purpose of the second stage is to further stabilise the waste, re-
duce the mass and reduce the odour of the material.
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Figure 2 shows such an approach. The flow diagram looks very similar to the “stabilisa-
tion” approach. There is a significant impact in terms of process technology involved
and the invest costs of such an approach are higher. On the other hand revenues from
the biogas utilisation via CHP can be generated which might offset the higher invest-
ment costs.

An alternative to the approach of dewatering and further composting is the direct use of
the digestate as a liquid fertiliser/soil conditioner. This is subject to meeting any legal
requirements and conditions imposed. The key impact on the plant design will be in
terms of achieving the sanitisation requirements imposed by the animal by-products
legislation.

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 5 — 7 years.
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Figure 2: MBT with Anaerobic Digestion
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Figure 3: Development of MBT plants in Europe (deBare, 2007)

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 by means of the production
of a (high quality) RDF which is the used for energy production.

The most well-known technology suppliers/developers of this approach are “Herhof”
(Germany, now owned by the Greek civil construction company “Helector”) and “Eco-
deco (ltaly)”

The main purpose of the biological part of the process is to produce the heat which is
used to drive of the moisture from the waste in order to enable easier and more efficient
mechanical separation. Hence the mechanical separation is performed after the biologi-
cal treatment.

The waste is shredded and placed in enclosed bio-drying boxes for a pre determined
period. Air is forced through the waste creating optimum conditions for microbial respira-
tion, and hence drying of the waste. The warm air is extracted from the boxes and is
passed over a heat exchanger. Air passed through the boxes is re-circulated, which is
significantly reducing the volume of exhaust air.

Often associated with the biological drying approach is 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. Another benefit of the drying of the waste
is the increase of the calorific value of the material. There are also a few examples of
existing facilities where no biological system is used for the drying process but a physi-
cal drying is used instead using gas or oil to produce the heat for evaporating the mois-
ture from the waste.
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Figure 4: MBT — biological drying

3 Parameters to assess biodegradability

3.1 Background

The EU landfill directive requires a reduction of 65% in the amount of biodegradable
waste which is landfilled (Art. 5). The main purpose of this requirement is a reduction in
the adverse effect to the environment of the landfilling of untreated waste. The major
problem with organic waste is that it degrades to the greenhouse gas methane in a
landfill. Methane is a greenhouse gas that is 26 times more potent than Carbon Dioxide.
Even with a state of the art landfill design incorporating methane capture, substantial
amounts of methane will still escape to the atmosphere and contribute to global warm-

ing.

In Norway the government suggests the introduction of a threshold for biodegradable
content in waste going to a landfill, defined by 10 % total organic carbon (TOC) or loss
of ignition (LOI).

3.2 Parameters in different countries

While this general context is clear, the EU landfill directive does not give a clear guid-
ance as to how to determine what is biodegradable. As methane is produced in landfills
by a biological process, a suitable parameter to determine “organic waste” has to be
established to measure it. In extensive research, predominantly in Germany, but also in
Austria, Italy and other countries it has been demonstrated that several parameters may
be used to determine the biodegradable content of waste. However, different biological
tests measuring the aerobic (respiration) or anaerobic (gas formation) decomposition

Waste-to-Resources 2009 Il International Symposium MBT & MRF ~ waste-to-resources.com  wasteconsult.de



Mechanical Biological Treatment and its role in Europe 7

have been selected in individual countries and implemented in national regulations or
guidelines:

Table 1:  Parameters to assess MBT in different countries

Country  Parameter Limits Method/regulation
Germany Static respiration index “AT4” <5 mg O,/g dm Fixed in Ger1man
Gas formation test “GB21” < 20 NI/kg dm sl e |
Austria Static respiration index “AT4” <7 mg/g O,dm Fixed in Ausgrian
Gas formation test “GB21” or < 20 NI/kg dm el oreliEnz:
“G821”
Italy Dynamic  respiration index < 1,000 mg O./(kg Regional require-
(Adani method) DRI [*] VS x h) ments
England  Change of biodegradability in No limits but deter- UK Envrionment
and from beginning to end of a mination of the re- Agency guidance[’]
Wales treatment process, biodegrad- duction of the gas
ability parameters: potential in a treat-

- Biological methane potential in I3 (AT

100 days “BM100”
- Dynamic respiration index
“‘DR4”

Scotland  Change of organic content from Equivalent to Eng- Scottish guidance []
beginning to end of a treatment land/Wales
process

Assessment parameter pro-
posed:

- LOI (loss on ignition)

Alternative approaches are pos-

sible
EU Static respiration index “AT4” <10 mg O,/g dm 2" draft EU biowaste
Dynamic  respiration  index < 1,000 mg O,/(kg g'r;evﬁ:v[%] 2o, el

(Adani method) DRI VS x h)
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3 Riffutti e combustibili rcavati da rifiuti, Determinazione della stabiliata biologica mediante I'indeice di Respirazione Dinamico (IRD); UNI/TS 11184, ottobre 2006;

www.uni.com

4 Environment Agency (2005): Guidance on monitoring MBT and other pre-treatment processes for the landfill allowances schemes (England and Wales);

http://www.environment-agency.gov.uk/commondata/acrobat/the_final_outputs_1096040.pdf

5 Landfill Allowance Scheme (Scotland) Regulations 2005: SEPA Guidance on Operational Procedures;
http://www.scotland.gov.uk/Publications/2005/06/08111144/11463
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