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Mechanical biological waste treatment

Design engineering and optimisation of MBT plants

The staff of Wasteconsult is and has been significantly invol- &
- — - | ved in research, plant design and optimisation of the mechanical bio- §
logical waste treatment and its emission control. Based on this, we 4
design and optimise MBT plants for you.

Pilot projects

We supplement our experience by own pilot tests and re-
search results in the area of MBT optimisation and emission
measurement & treatment. We have developed and tested
what others just know from books!

Sampling and analytics g5
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Waste treatment needs a permanent control and adapti- g

F 100

on to the varying waste composition and changed boun- = ;
dary ValueS. g 1y 2 4R°‘5‘edaier[:’v°]s 9 10 11 12

Wasteconsult offers an extensive attendance of your MBT beginning
with sampling and ending with the evaluation of the analytical results. This is
a precondition for stable and economically operation of your MBT.

Emission measurement

Do you want to know what gets into your exhaust gas treatment
and what is in its output? Do you want to adjust the MBT for an
economically optimised operation of a regenerative thermal oxida-
tion of the exhaust gas? We have experience with the measure-
ment technique and accomplishment of long continous emission
measurements. We can analyse your biogas from the digestion or
your landfill gas for the main and trace components.

At Wasteconsult you are in best hands for design engineering,
optimisation and analytics in all aspects of MBT!
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Landfills and contaminated land

Design engineering

The Wasteconsult staff has extensive experience in .11-;},
the whole area of design engineering, bid invitation and
construction supervision of

e Landfill covers and liners

e Operation and emplacement concepts

e (Gas collection and treatment

e Leachate and groundwater collection and treatment

Our know how about MBT landfills is unique.

Monitoring, aftercare and reuse

Landfills and contaminated sites need a long lasting supervisi-
on. Wasteconsult designs your aftercare measures and moni-
tors groundwater, leachate, gas and the landfill installations.
Furthermore we propose possibilities for the
reuse of the landfill area. Depending on the
- legal regulations (financial support) in your
country, wind energy or photovoltaics might be an attractive solution.
Our new concept DepaSolar® combines the function of landfill co-
ver sealing and solar electricity production.

In-situ stabilisation

An important step to minimise the aftercare duration and
costs is the active contol of closed landfill sectors. This
starts with leachate re-infiltration to enhance the gas pro-
duction and the anaerobical stabilisation. When the gas y-
ield or the methane concentration are to low, the time has
come for a methane oxidising cover or for the start of in-situ | - — .
aeration of the landfill. This will accellerate the stabilisation e e
of the landfill significantly and save money because of the reduced leachate conta-
mination and the shortened aftercare phase.

Contaminated land

Based on the long lived experience of our staff we can offer the
whole package of engineering services for the remediation of con-
taminated land:

e Site investigation and risk assessment
e Design of clean up operations
e Construction supervision & control of occupational security

Take advantage of our experience!
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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

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



2 Mechanical Biological Treatment and its role in Europe

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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Mechanical Biological Treatment and its role in Europe 3

Input
100%
v
mechanical RDF (5 -50%)
processing » Recycables (3-25%)
- (metals, plastics, etc.)
50 - 95%
v

composting Water o 20-30%
Carbon dioxid
(approx. 4-6 weeks)

A\ A

stabilised waste
25 - 60%

I’ Jm=mmmmmmmmaa * RDF, recycables
: postrefinement oo + rejects
\ | + compost like output (5-15%)

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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4 Mechanical Biological Treatment and its role in Europe

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.

Input
100%
|
—— > RDF (5-50%
mechanical ( 0)
processing » Recycables (3 -25%)
- (metals, plastics, etc.)
v 50 - 95%
/ AD —)—— 70-120 m®Biogas/t

maturation (1-3 weeks) /

\ 4

stabilised waste

25 - 60%
\
i
______ S
]
I I--=-==---=-- * RDF, recycables
1 post refinement : ------------ » rejects
1
e e e mmeeo " ------------ + compost like output (5-15%)
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
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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)

1 German Ministry of Environment, 2001: Ordinance on Environmentally Compatible Storage of Waste from Human Settlements and on Biological Waste-

Treatment Facilities; 20 February 2001; http://www.bmu.de/files/pdfs/allgemein/application/pdf/ablagerungsverordnung.pdf

2 Verordnung des Bundesministers fir Umwelt Uber die Ablagerung von Abféllen (Deponieverordnung); modified 23.01.2004 StF: BGBI. Nr.  49/2004;
http://ris1.bka.gv.at/authentic/index.aspx?page=doc&docnr=1

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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8  Mechanical Biological Treatment and its role in Europe

Whilst in other European countries parameters to assess the organic content in waste
have not yet been implemented in the national regulations, the parameters and limits
proposed in the 2nd draft EU biowaste directive 2001 are often used on a regional level.

The limits applied in Germany and Austria are somewhat stricter than in the 2nd draft of
the EU biowaste directive. This is because the limits have been derived from an existing
technical guideline (“TASI”; TA Siedlungsabfall), where limits for LOI (<5%) and TOC
(<3%) were specified. In a court case it has been successfully demonstrated that the
3% TOC could be fully degradable organic material like sugar. From one tonne of waste
with a 3% sugar content about 55 m?® of landfill gas could be produced in a landfill. This
sets the benchmark for stabilised waste. It can then be demonstrated from repeated
landfill simulation tests with biologically stabilised waste that waste with a respiration
rate AT4 of 5 mg O,/g dm shows a gas potential of usually less than 55 m?® landfill gas.
Furthermore the gas potential of waste with an AT4 <5 mg O,/g dm is reduced by over
90% compared to fresh, untreated waste. If assuming that the 65% reduction require-
ment in the EU landfill directive refers to a reduction of landfill gas production, then the
limits set in Germany and Austria exceed the EU landfill directive requirements. A 65%
reduction of the landfill gas production corresponds more closely with the limits set in
the 2nd draft EU biowaste directive.

3.3 Which is the best parameter?

Much research has been done on the several parameters which are capable of measur-
ing biodegradability, including various biological physical and chemical tests.. For many
situations, correlations between the parameters has demonstrated that several parame-
ters are, at least in principal, suitable for the determination of biodegradability.

In the regulations in place currently, biological parameters have been chosen because it
is felt that they are more direct and comprehensible. In various round robin tests, the
reliability and accuracy of the various parameters have been examined.

From these tests it can be concluded that the tests in place in Germany and Austria had
been designed and approved suitable for biologically treated and stabilised waste. (AT4
below 20 -30 mg O,/g dm)

With fresh waste, the AT4 test sometimes shows an unexpectedly low result and hence
results from fresh waste need to be carefully assessed and revised if necessary. The
same applies to the Italian DRI.

6 EUROPEAN COMMISSION; Working document; Biological Treatment of Biowaste, 2nd draft; http://www.compost.it/www/pubblicazioni_on_line/biod.pdf
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Because of a different approach taken to assess MBT in England and Wales, the pa-
rameters proposed are more suitable for fresh waste. The disadvantage of these tests
are that they are more complex (DR4) or take very long time (BM100, 100 days). The
latter can cause problems especially during commissioning of new plants as it delays
the determination of whether a plant is performing successfully or not.

One criticism of biological tests sometimes expressed is that there may be toxic sub-
stances in the waste which could inhibit biological activity during the test and hence
show a lower biodegradability than in reality. Whilst this might be relevant for untreated
waste it is less relevant for waste that comes from a biological treatment plant because
if there was a toxic component in the raw waste it would have had an impact in the bio-
logical process and hence would have been detected earlier. Nevertheless, an addi-
tional non-biological test could be introduced in the Norwegian landfill regulation to miti-
gate this risk. At the moment there are experiments underway to develop such quick
tests, the latest stage in the development of the various approaches should be as-
sessed before selecting an appropriate parameter.

4 MBT Capacity in Europe

MBT is well established in many countries in Europe with major capacity in Italy (about
11 Mio t), Germany (5 Mio to); Spain (3 — 4 Mio t) and Austria (1 Mio t). Many other
countries are introducing MBT and substantial plants are under development or pro-
posed, for example, in the UK and France as well as in Eastern European countries .

Whilst in Germany, Austria and ltaly 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 com-
post 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.

5 Key Advantages of MBT

MBT is often perceived as a “greener” solution for the treatment of waste when com-
pared with mass burn incineration. As a consequence, it is 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 condi-
tions.
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10 Mechanical Biological Treatment and its role in Europe

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 trans-
port 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 achieve and therefore might even be the only re-
alistic option to meet the UK’s (local authorities) LATS targets.

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 produc-
tion 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 hazard-
ous 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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Municipal Solid Waste Treatment - Experiences getting from practice

Nguyen Thi Diem Trang', Nguyen Binh?, Nguyen Gia Long?
'Hanoi University of Science, Hydraulic-Machine Co.,LTD, Vietnam

Abstract

Looking for a suitable municipal waste management’s method for town and district is an
important task for Vietnam. In such areas the generated waste amount is not big and
waste service hardly joins to the public Urban Environment Company’s system, due to a
high cost of transportation. In this case, therefore a private company, the Hydraulic-
Machine Co., LTD has developed an appropriate technology made in Vietnam. This
technology uses for “Treatment of Solid Waste into Fuels” (MBT-CD.08), which has got
the Certification of Vietham Technology Ownership and it is being on the way of extend
its application throughout the country. Schematic diagram of the MBT-CD.08, material
flow, heat value of the RDF product and the emission as well as scientific comments
were reported.

Key words

Technology, treatment, solid waste, fuel, material flow, heat value, emission, hazardous
substance, mechanical sorting.

1 General fact

According to the Vietnam Ministry of Construction (MoC), the total amount of waste (ur-
ban and rural) is estimated at 12.8 million tons per year1, of which urban areas (class 4
upwards) produce 7.2 million tons per year (54%). This amount is forecasted to reach
22 million tons in 2020 (MoC website October 2008). A total of 82% of the current
19,685 is collected and out of that amount approximately 10% (20,000 tons) is recycled
and 12% treated (MoC, January, 2009).

Percentage of household in Urban Areas by methods of garbage disposal (WBZ2006)

. Throwing to
. Garbage . . Throwing .
Location Burning Burying . animal closu- Other
truck to river
re
Rural 6.8 63.0 23.0 15.0 16.7 18.9
Urban 71.0 20.0 7.5 6.3 41 2.8
Total 21.9 52.9 19.4 12.4 13.7 15.1

"Ministry of Natural Resource and Environment (MoNRE) on its website states that this amount is 17 mil-
lion in 2007
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Urban solid waste is normally managed by Urban Environment Company (URENCO), a
public nonprofit owned by the Provincial People’s Committee / City People’s Committee.
URENCO’s task is to collect, transport and dispose of waste generated in urban areas.
But in suburban, small commune and town unfortunately do not exist yet Urencos. The
waste service is taken care by environmental sanitation teams under the control of the
municipality but not all of them do the work effectively.

Most of urban solid waste in Vietham is disposed in landfills. Only 15% of the landfills
are being considered sanitary, while the others are just open dumping sites. This lack of
hygienic treatment is resulting in leakage from dump sites creating serious pollution
problem for the surrounding land, and ground water.

According to this situation, one positive sign are the private enterprises who involve
more and more in waste collection, treatment and disposal business which may have
great potential growth in Vietnam. There are different models of cooperatives, private
enterprises, and “equities” enterprises providing solid waste collection, transportation,
treatment and disposal of solid waste in urban and rural areas. Besides solid waste
fees, the enterprise can also get additional income from recovery of valuable materials
such as plastics, papers, metals, etc. and from recycled products such as compost fertil-
izers, plastic goods [1].

Based on the knowledge waste in Asian towns is usually largely organic, the United Na-
tions Economic and Social Commission for Asia and the Pacific (UNESCAP) carried out
in Vietnam, Quy Nhon province a project by building community based composting fa-
cilities.

The project organized daily door-to door organic waste collection. Once organic waste
was collected it was then transferred to a community plant built by the project capable of
treating 2 to 3 tons per day.

The facility has been running a small consistent profit since its completion. The plant
currently generates revenue of 1,130 USD per month. Of this amount, 750 USD is from
collection fees, with each household paying fees of 0.60 USD per month. The remainder
of the revenue is from the sale of organic fertilizer (approximately 340 USD per month).
The operating cost of the facility is 972 USD, resulting in a small profit (around 150
USD). The ability of the plant to sell its organic fertilizer remains critical to its profitability.
While the current number of buyers is high and the benefits of organic fertilizer are be-
ing recognized, the market price of organic fertilizer is still low (www.housing-the-urban-
poor.net/Docs/WUF-IV/SWM-ENDA.pdf).

There is a fact that composting facility has been not yet accepted as a favorite municipal
waste treatment facility. Since waste is not yet segregated at source, quality of compost
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is low. From the mix waste receive only 20 - 30 % compost product [2]. The residues
must be land filled. Beside that compost’s market is not yet developed. The investment
and maintenance for composting plant require very high. Based on these reasons a new
technology for municipal solid waste treatment facility has been declared by a Vietham-
ese company, which called “Technology for Treatment of Solid Waste into Fuels” (MBT-
CD.08).

2 Introduction to the MBT-CD.08
Schematic diagram of the MBT-CD.08 is as follows:

Mechanical Pre-Treatment
- Bag opener

Receiving zone ——»| - Manual sorting .
- Size reduction, screening

r - Magnetic separator

Combustive able fraction Organic waste Non-combustive fraction
(paper, leather, plastics, cloth) <40mm (brick, stone, glass)

!

Biological Treatment
Integrated (MRF & composting)
- Adjust suitable components
(moisture, C/N, porous)

Treat-
mentdevi-

A

Mechanical - Production of a biologically
after treatment stable waste
v
Fuel Production Brick production
RDF (“Fluff’)/compost pasteurized - Crusher
- Two shift crushers - Adjust components
Recovery \ _ Adjust components (combustive, - Hydraulic compactor
odor reduction agent)
- Hydraulic compactor
- Dry . l
v v
Fuels Product Kinds of bricks Recycling
Product - Energy recovery (>4000 kcal/kg) Low price for civil domestic use | material
- Less emission (metal, PVC)

The MBT-CD.08 is used for a capacity of 15 tons/day, which has been tested success-
fully in Duy Tien district, Ha Nam province since June 2006; it is therefore suitable for
small town or district. However the system is constructed with module, the capacity can
reach to 100 tons/day if more modules are connected, therefore it can be applied also
for cities. Waste of the commune was collected and treated right away in a day. Fuels
product was distributed without any difficulty for domestic use (industrial power plant,
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heat, stream and power). Ash remains 30 - 40 % after burn, which is used for construc-

tion purpose.

3

Material flow in the MBT-CD.08

Input feeding from the municipal waste stream of Duy Tien district:

12%

60%

Input feeding from the municipal waste stream

m Non-combustive fraction O Recyclable material

m Combustive fraction m Organic fraction

3%

25%

Material flow in the RDF product

1% 8%

60% 31%

Material flow in the RDF product

m Combustive agent
O Dry agent
m High caloric fraction

m Compost pasteurized
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Heat value of the RDF product CD.08 and others

Heat value of the RDF product

2(5)88 | 4200 4350
4000 -
3500 -
3000
2500 -
2000
1500 -
1000 -

500 -

3100

Kcal/kg

1000

RDF product CD.08 Municipal w aste Dried wood for ~ Charcoal
combustion

Emission from compactor bricks of residual from RDF process

Standard of Viet-
nam
P t Test No.' Unit Result
arameter est No ni est (TCCP867/1998/QD-
BYT)
867/1998/QD-
] 2
ead BYT & VA231/1 bpm 0,098
867/1998/QD-
Cadmium “ ppm <01 0.2
BYT & VA231/1
867/1998/QD-
A 0,032 0,2
rsen BYT & ICP-MS PP ’ '
867/1998/QD-
Anti 0,019 0,2
MmN BYT & ICP-MS e ’ |

'Quatest 1 - 2/7/2008

4 Conclusion

The technology for Treatment of Solid Waste into Fuels (MBT-CD.08) has been devel-
oped from a private company, the Hydraulic-Machine Co.,LTD, which has gained ex-
periences from municipal waste treatment for years. With the waste situation of Viethnam
this technology seems to be suitable because of the low price of investment and simply
maintenance. It is especially attractive because the RDF product was easily sold. Profit
received from this facility is about 300 VND/kg waste (about 2 USD/ton), but since the
municipality has to spend money for waste service, now they can earn by apply this
technology made in Vietnam. This technology however still remains some problems.
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More discussion about the biological process needs to be done as the temperature of
process was higher than existed in theoretical aspect [3]; the flue gas was not yet
tested; the RDF quality needs to be increased or reduction of hazardous substances in
RDF needs to be investigated; the research on influence of mechanical sorting tech-
nologies on hazardous chemicals distribution needs also to be done; ... [4]. However
‘low technology” does not mean “low quality”, this technology has been high consider-
ate in some provinces of Vietnam, which needs to proceed forward.
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Abstract

The Ministry of Environment has established ‘Comprehensive Master plan for Waste to-
Energy’ in response to high oil prices, greenhouse gas reduction, and control of ocean
dumping of liquid organic waste. The goal of waste control policy has always been the
safe and sanitary disposal of wastes; from now on, however, it will include the recovery
of energy as well as the safe disposal of wastes. Specifically, energy recovery shall be
promoted with 33,376 tons/day of combustible wastes for landfill and liquid organic
wastes dumped into the ocean to achieve the 31% goal by 2012 and 100% goal by
2020. Likewise, 57 facilities shall be built including MBT facilities, RDF power plants,
biogasification facilities, and power plants for 31% energy recovery by 2012. To carry
out these measures, approximately USD 2.16 billion needs to be invested; thus generat-
ing economic benefits of USD 877 million per year beginning 2012, creating 17,000
jobs, and enabling Korea to respond to international treaties related to climate change.

Keywords

Waste-to-Energy, Combustible wastes, Organic wastes, MBT, Biogasification, Energy
recovery, Power plant

1 Background for Promotion

With the global consumption of resources and energy expanding due to the increase in
economic activities, which in turn caused the increase in fossil fuel use and rise of
BRICs, the whole world suffers from the environmental crisis involving resources such
as the rapid rise in oil prices and climate change. Moreover, with international oil prices
starting to swing upward rapidly beginning the latter half of 2007, we have been in the
era of excessively high oil prices (exceeding USD 100 per barrel and continuing to in-
crease since the start of 2008).

Table 1 Change in QOil Prices by Year

v v [ [ ] [ ' 09
Year 02 | ‘03 | ‘04 | 05 | 06 | 07 | ‘08 | o fMar. )
(U‘égt/ggfél) 2388 | 26.8 | 33.77 | 49.37 | 61.55 | 68.43 | 95.08 43.04

Note) Source: yearbook on energy statistics by the Korea Petroleum Association (based on Dubai oil)
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Korea is the 10th biggest energy consuming nation in the world, importing 97% of en-
ergy. Therefore, developing plans for easing the dependence on import for energy by
expanding the manufacture and spread of new & renewable energy that can serve as
substitute for primary energy sources such as petroleum and coal is a matter of ur-
gency. As of 2006, the ratio of gross domestic primary energy to new & renewable en-
ergy is only 2.24%. With the government working to increase the diffusion rate of new &
renewable energy to 4% by 2012, Waste-to-Energy is emerging as the most efficient
method for the diffusion and spread of new & renewable energy. This is because 76%
of new & renewable energy output uses wastes. Its unit cost of production is also cheap
(up to 10% of solar energy, 66% of wind energy).

Waste-to-Energy is emerging as a potent solution to climate change as well as exces-
sively high oil prices due to the substitution effect for fossil fuel and high ‘Global warm-
ing potential’ (21 times carbon dioxide) of methane gas (biogas). Recently, international
efforts to reduce greenhouse gas emissions have intensified through Waste-to-Energy
including refuse derived fuel (RDF) from combustible wastes and biogasification of or-
ganic wastes. In the case of Korea, its greenhouse gas reduction obligations are ex-
pected to be fulfilled beginning 2013 with the ratification of the ‘Kyoto Protocol (1997)'.
Domestic carbon dioxide emission stood at 591 million tons as of 2005, increasing at an
average annual rate of 4.7% since 1990; thus making Korea no. 1 among OECD na-
tions.

In addition, according to the ‘London Convention-1996 Protocol’ that took effect in
March 2006, reinforced control of ocean dumping is required worldwide. In the case of
Korea, organic wastes including food wastewater generated in the process of food
waste recycling, sewage, and wastewater sludge and animal excreta dumped into the
ocean amount to about 20,000 tons/day (in 2006). For the conservation of the ocean
environment and safety of marine products, dumping of sewage sludge and animal ex-
creta into the ocean shall be prohibited beginning January 2012, and that of food
wastewater, beginning January 2013; hence the urgency of measures for shifting to
land disposal. Note, however, that the landfill processing of these wastes gives rise to
problems of landfill safety and odor (bad smell). On the other hand, incinerating these
wastes causes air pollution due to dioxin and incurs high disposal cost. Therefore, the
productive disposal of new & renewable energy for greenhouse gas reduction through
the biogasification of organic waste should be explored as an alternative land disposal
method to landfill and incineration.

Amid the increasing interest in global warming and national energy security, EU pre-
sented a ‘Greenpaper’ on energy security in 2000. It prepared a roadmap aimed at fur-
ther spreading new & renewable energy from 6.5% in 2005 to 12% in 2010. It also de-
fined organic wastes including food wastes, animal excreta, and sewage sludge and
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wood as ‘Biomass’ and pushed for their energy recovery while prohibiting the direct
landfill of wastes whose energy recovery is possible through ‘Landfill Directive ’99'.
Germany developed the world’s first technology for separation and selection, producing
more than 3 million tons of RDF from 5~6 million of combustible wastes using the best
technology as applied to power plants exclusive for RDF and thermal power plants. In
addition, it operates 3,700 individual farmhouse-type biogasification facilities using or-
ganic wastes. Japan has also promoted the construction of ‘Biomass Town’ together
with the ‘New Biomass-Nippon Comprehensive Strategy’ in 2006 while actively promot-
ing Waste-to-Energy by replacing small and medium-sized incinerators generating large
amounts of dioxin with 57 MBT facilities and 5 RDF power plants since 2007. Since the
development and spread of alternative energy in response to the depletion of fossil fuel
and global warming are considered an urgent matter, wastes are regarded as new re-
sources and used as in the case of developed countries. For the conversion of waste
management systems for sustainable development and creation of Zero waste society
in particular, Waste-to-Energy has recently been used as a useful policy means of ad-
dressing the complex challenges emerging in the present age such as the environment,
economy, and global warming.

2  Current Status and Problems of Waste-to-Energy in Korea

A total of 5.23 million TOE of new & renewable energy was produced in Korea in 2006,
with waste energy making up about 4 million TOE (including waste gases). The produc-
tion of waste recovery energy excluding waste gases (including biogas) stands at 2.44
million TOE, accounting for 1% of primary energy and 61% of new & renewable energy.
This is the amount that is mainly recovered from the remaining heat in the incineration
facilities for solid wastes or waste landfill gas that cannot be regarded as the result of
the active implementation of the Waste-to-Energy policy by the government.

Table 2 Current Status of Recovery and Use of Residual Heat in Incineration

Capacity of | Generation of Uses of Residual Heat (Gcallyear)
Facilities Residual Heat Power
(tons/day) (Gcallyear) Total Generation Heat Supply, Etc.

Subtotal: 3,757,476
Subtotal: 1,133,708 |District heating: 2,133,360
12,468 5,521,278 4,891,184 |(Sales: 238,707 Residents’ support: 8,085
Own use: 895,001 [Benefit facilities: 42,377
Own use: 1,573,653
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Table 3 Current Status of Recovery and Use of Waste Landfill Gases

Power Generation Gas Supply
Classification
Places Capacity (MW) Places Capacity (m‘/day)
Total 11 80.83 4 917,280
Metropolitan areas 1 59.88(74%) 1 662,000(72%)
Non-metropolitan areas 10 20.95(26%) 3 255,280(28%)

Therefore, for more positive Waste-to-Energy, business fields including RDF production
using combustible wastes as well as exclusive power generation, power supply, and
refining use through the biogasification of organic wastes should be activated. As of
2007, however, only the MBT facility in Wonjoo City and 34 leading private RPF manu-
facturing facilities (37,000 tons/year) are being operated in the field of waste solid fuel
and some MBT facilities and RDF power plants are being constructed. Biogasification
using food wastes, sewage sludge, and animal excreta is carried out in part in the live-
stock wastewater treatment plant in Pajoo, Kyunggido, a landfill in Saenggok, Busan
City, and some sewage treatment plants in Dongraegu, Busan City and Nam-gu, Ulsan
City. The scale of facilities and business profiles leave a lot to be desired, however.

The low level of Waste-to-Energy in Korea can be attributed to the passive response of
the government to energy recovery even as it has promoted a waste control policy cen-
tering on material recycling. As of 2006, the 83.6% waste recycling rate increased by
50% compared to 1996. In contrast, the landfill rate decreased to one-fifth due to the
implementation of separate collection and application of Extended Producer Responsi-
bility (EPR). Moreover, since the support of national treasury was concentrated on
waste recycling and expansion of incineration and landfill fields, the budget for energy
recovery was dismally small. The Ministry of Knowledge Economy, which is in charge of
the development and spread of new & renewable energy, mainly supported the solar,
wind power, small hydropower, and geothermal fields; general political and financial
support for the waste field was sorely lacking, i.e., insufficient support for the develop-
ment difference (the fixed rate is not set, and the floating rate is set low). In addition, the
technology for the RDF from combustible waste in the field of energy recovery technol-
ogy is currently being tested. In contrast, the biogasification technology for organic
wastes is in the establishment and operation stages (first stage) at the pilot plant and is
small in scale compared to developed countries. Thus, the conditions of the private
market can be said to be very poor. Problems related to distrust in the waste solid fuel
(RDF, RPF) quality, unstable market, and low supply unit cost also hinder the activation
of private markets. The biogasification of organic wastes is another factor, considering
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the excessive initial investment costs and uncertainty of success. The activation of re-
covery of residual heat in incineration is also restricted due to the absence of supply
standards and remarkably low supply costs.

3  Promotion plan

3.1 Promotion Goals

The Ministry of Environment established the ‘Comprehensive Masterplan for Waste-to-
Energy ('08~'12) as a method for economic revitalization and in response to climate
change. These measures have set the capacity for energy recovery to 12.18 million
tons/year of combustible wastes for direct landfill and organic wastes dumped into the
ocean (food wastewater, sewage and wastewater sludge, and animal excreta) among
the generated wastes by 2020. They also target energy recovery of 3.8 million
tons/year by 2012, focusing on public and general wastes whose actual energy recov-
ery is possible. At the same time, a promotion goal for the recovery and use of 1.28 mil-
lion Gcal/year of residual heat in incineration and 308,160 m3/day of landfill gases has
been set. Note that these levels are deemed effective in terms of scale and economic
efficiency.

P Wastes 2020
3.8 million tons/year > 12.18 million tons/year
(2012)

~Combustible .~ ™. Organic ™.
/" 1.85 million t/y ..-’J *, 195 million Uy

Residual heat in
Incineration
1.28 million Gealiyear A

Landfill gas
308, 160m? /day

Figure 1 Promotion Goals
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3.2 Promotion Contents

3.2.1Laying down the Foundation for Waste-to-Energy Promotion

To support the effectiveness of these comprehensive measures and ensure smooth
promotion, a ‘Practice Plan for Comprehensive Master plan’ was prepared on the end of
2008. It is expected to prevent waste factors in the national budget in advance by exam-
ining the appropriateness and economic efficiency by business field in detail and ar-
range the facilities expansion project by examining the actual demand related to the
‘Waste-to-Energy project’ by the local government in this practice plan. Discussion and
settlement among local governments shall aim at the regionalization and concentration
of energy recovery facilities and improvement of the system for the activation of Waste-
to-Energy. An expert forum shall also be organized and operated; administration part-
nerships of city, county, and Gu shall be forged. A conference between the people and
the government as well as policy tie-ups of the relevant authorities are also planned,
thereby laying down the foundation for consultation on policy and technology, coopera-
tion among local governments, collection of residents' opinion, and cooperation among
the relevant authorities in the initial year (2008) based on the promotion of Waste-to-
Energy.

For the political and systematic aspects of Waste-to-Energy, Waste-to-Energy facilities
shall be expanded and converted instead of phased reduction and removal of the na-
tional treasury support as required for the establishment of landfills and incineration fa-
cilities of local governments. Fixed statutes for the reinforcement of waste landfill stan-
dards, imposition of landfill allotment, restriction on the establishment of simple incinera-
tion facilities, recovery of waste energy, and resetting of RDF quality standards shall
also be pursued until 2010. Such will induce Waste-to-Energy actively by pre-examining
waste solid fuel (RDF, RPF) use in the area of clean fuel use and through the acknowl-
edgement of RDF (Fluff Type) that was not generated.

The side effects of individual facilities that are in disarray shall also be resolved, and
economies of scale, ensured by promoting the regionalization and concentration of
Waste-to-Energy facilities. The function of the market economy shall be stabilized and
activated through the balance between supply and demand and by guaranteeing a rea-
sonable supply unit cost. In addition, RDF markets shall be maximized through con-
stant discussions with the Ministry of Knowledge Economy and by making efforts to set
the fixed rate, increase the floating rate of RDF generation electricity, and actualize the
supply unit cost of residual heat in incineration. Knowledge promotion will also be car-
ried out among the people to establish a case of promoting the Waste-to-Energy policy
in response to the high oil prices and climate change.
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3.2.2 Promotion of Technology Development and Activation of the CDM Project

The Ministry of Environment started the ‘Eco-Star Project Promotion Agency’ in Decem-
ber 2007; it is planning to improve the technology level of Waste-to-Energy in Korea to
the commercial scale of developed countries. This project will be promoted by 2014,
aims at ensuring economically efficient, eco-friendly resources and activating the CDM
project as well as promoting technology development in 14 fields including the use of
fuel from combustible/organic wastes and biogasification technology by building organic
connections and conducting joint research among industries, academe, institutes, peo-
ple, and government. The Eco-Star Project will be linked and promoted together with
the ‘Comprehensive Master plan for Waste-to-Energy’ being carried out to conform to
the environment policy and ensure energy efficiency and environmental safety.

Meanwhile, the CDM project has been rapidly expanding worldwide (as of March 2009,
1,423 cases have been registered) since the Kyoto Protocol took effect in February
2005; 23 cases are registered, with 36 cases at validation in Korea. In particular, 2 cas-
es are registered in the wastes field, and 10 cases are at validation. During the promo-
tion of these Comprehensive Masterplan, the CDM project shall be actively supported
through cooperation with local governments and affiliated organizations on the recovery
of landfill gases, biogasification of organic wastes, RDF manufacture from combustible
wastes, and recovery project for the residual heat in incineration.

3.2.3Expansion Plan for Waste-to-Energy Facilities ('08~’12)

For the Waste-to-Energy of 3.38 million tons/year (9,260 tons /day) of public and gen-
eral wastes by 2012, a total of 57 facilities (14,190 tons/day) including MBT facilities for
combustible wastes and RDF power plants, facilities for the drying and solid recovered
fuel of sewage sludge, biogasfication facilities merging food wastewater and organic
waste, and power plants shall be expanded.

Table 4 Expansion Plan According to the Waste-to-Energy Facilities

Classification Total Town Individual

Total (places) 14,190| (57) |7,180| (16) [7,010| (41)

MBT 5,840 | (20) |2,400| (4) |3,440| (16)

Power plants 2,800 (10) [1,400( (4) [1,400| (B)

Facilities Use for fuel from sludge 1,280 | (4) 1,000 (1) | 280 | (3)
Organic| Biogasfication of food wastewater | 2,690 | (11) |1,820| (4) | 870 | (7)
Cogenerated gas 1,580 (12) | 560 | (3) |1,020| (9)

Note) One of the facilities is established as combination gasification facilities merging food wastewater
in towns (total of 4 facilities).
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On the other hand, for the 420,000 tons/year of wastes generated in the private sector,
the establishment of MBT facilities with capacity of 370 tons/day and facilities for the
drying and solid recovered fuel of wastewater sludge with capacity of 1,070 tons/day
shall be pursued and bankrolled by a national treasury loan.

Moreover, support for the establishment of recovery facilities for landfill gases is
planned to recover 214 m®min (530,000 Gcallyear) of landfill gases from the 27 waste
landfills in local governments. The development of 6 large-scale landfills (over 10N
m>/min) shall be promoted as a development project, and 21 medium-scale landfills
(over 2N m*/min), as an economic project. Such measure is expected to contribute to
the early stabilization of landfills as well as recovery facilitation of landfill gases by pro-
moting the Bioreactor Project with 14 medium-sized/large landfills. Moreover, a total of
1.28 million Gcallyear of residual heat in incineration including 630,000 Gcal/year from
42 general waste incineration facilities through the new establishment of or support for
repair project for facilities for the recovery of residual heat by local governments are ex-
pected including 645,000 Gcall/year through the national treasury support for facilities
for residual recovery in 27 private incineration facilities for industrial wastes.

Similarly, in establishing and operating facilities for Waste-to-Energy and MBT from
combustible wastes, the biogasification for organic wastes and power plants should be
integrated, connected, and clustered to enhance economic efficiency. A ‘Environment-
Energy Town’ shall be constructed by sphere for such purpose. The Environment-
Energy town construction project shall be promoted after dividing the entire country into
10 areas. Wide-area general waste landfills of local governments will be preferentially
selected in the town site, and metropolitan area landfills in the middle region will be im-
proved for the Environment-Energy town. For the remaining 9 areas, locations shall be
provisionally selected through demand analysis by local governments; they shall be de-
cided on and finally promoted through business public subscription, feasibility analysis,
collection of residents' opinion, and consulting with the relevant local governments. On
the other hand, facilities (ca. 5,780 tons/day) that can convert 4,748 tons/day of wastes
into energy will be constructed in the town to treat approximately 50% of the total mate-
rials in the facilities expansion plan. Moreover, supply and demand relationships among
small area-type individual MBT facilities in areas will be created through the establish-
ment and operation of power plants in each town by area.
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4 Requirements for Facilities Investment and Expected Effect

4.1

Facilities investment of about USD 2.16 brillion is required to recover energy from 3.8
million tons/year of organic and combustible wastes, 1.28 million Gcal/year of residual
heat in incineration, and 308,160m3/day of landfill gases by 2012. Among these, the
investment costs for facilities requiring national treasury support and loan are pegged at
USD 658 million; private investments in the establishment of RDF and biogas power
plants are estimated at USD 856 million.

Requirements for Facilities Investment

Table 5 Estimation of Investment Need by Financing
Total National Treasury . .
(unit : USD (subtotal: 658) Local Treasury Investment l?y Public Private
- Enterprises Investment
million) | Issued | Guaranteed
2,161 593 o o o o
(100%) | (27.4%) 65 (3%) 630 (29.2%) 17 (0.8%) 856 (39.6%)

Note) The basis of the calculation above is the present issue system for national expenditure. Note, ho-
wever, that investment requirement by financing including national expenditure, local treasury, in-
vestment by public enterprises, and private investment can vary according to conditions such as
the financial situation of the nation and local governments, conditions for business promotion, and
private markets in the process of promotion of comprehensive measures.

In the business field, USD 877 million (40.6%) are expected to be required for the es-
tablishment of a Environment-Energy town, and USD 741 million (34.3%), for the RDF
manufacture and power plant project for combustible wastes. Investment requirements
by year are relatively small at USD 24 million (1.1%) in the initial year (2008) and USD
138 million (6.4%) in 2009. Note, however, that the required construction expenses for
facilities establishment from 2010 to 2012 when the feasibility analysis and basic prac-
tice design are completed and establishment is commenced are expected to be equal to
the average yearly income of USD 667 million.

Table 6 Estimation of Investment Requirement by Business
. Combustible
Total EitfallEJ::\slit:r::-nt Waste Organic Waste Recovery of Technology
A MBT, RDF | Biogasifica- covery of | nevelopment,
(USD million)ment Energy . Residual Heat
T power plant, tion, etc. etc.
own
etc
2,161 877 741 324 117 102
(100%) (40.6%) (34.3%) (15.0%) (5.4%) (4.7%)
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Table 7 Estimated Investment Requirement by Year

Total
(USD million) 2008 2009 2010 2011 2012
2,161(100%) 24(1.1%) | 138(6.4%) | 536(24.8%) | 851(39.4%) | 612(28.3%)

4.2 Expected Effect

When all energy recovery facilities are completed and operated by 2012, a total of USD
892 million in annual economic effects including the reduction of cost of waste disposal
is expected. Note that converting the petroleum substitution effect into the electricity
output of energy in life yields 2,817GW per year or capacity average of 0.94 million for
use by households in the city or 7.24 million Gcal when used for district heating (amount
used by 460,000 households).

Table 8 Economic Effect of Waste-to-Energy

Total Reduction of Cost of |Effect of Using Alterna- Greenhouse Gas
(USD million) Waste Disposal tive Fuel Reduction Effect
892 572 287 33
Incineration/Landfill dis- | (petroleum: 4.92 million (3.8 million tons CO,)
posal cost barrels)

On the other hand, 17,000 jobs are expected to be created based on the employment
effect resulting from the establishment and operation of Waste-to-Energy facilities in
terms of the social aspect. In terms of the environmental aspect, the durability of land-
fills can be enhanced by up to 2.5~13 times as the amount of waste for landfill de-
creases to less than 20% of the current volume. The environmental load also de-
creases due to the reduction in leachate production. In addition, the establishment and
operation of Waste-to-Energy facilities will help solve international problems such as
fulfilling the obligation to reduce greenhouse gas emissions beginning 2013 and enable
Korea to respond effectively to London Convention-1996 Protocol, which requires more
reinforced control of ocean dumping.
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Experience of Tehran in Improving Integrated Waste

Management- Focus on MBT Methods

A. Harati, F. Pourmohammad sakha

Organization of Waste Recycling & Composting, Tehran-lran

Abstract

The daily production of solid waste in Tehran is 7500 tons which according to analyses
almost %65 is organic materials which can be composted (wet waste) %35 is dry waste.
This study focuses on solid waste management in Tehran and the strategies for gaining
to the best result with focus on BMT systems. As the MBT is the most important system
in Tehran solid waste management hence there are different technologies that are more
used in waste management. This paper proposes methodological approach for combi-
nation of above mention systems. The results show BMT adopts with Tehran waste
characteristics carefully. Mean while, the MBT methodology has been applied for Solid
waste management in Tehran.

In the other hand, According to our experience in solid waste management, the Tehran
municipality is playing a vital role in protecting the environment by some achievements
listed as below:

Build and operation of waste processing units according to MBT methods
- Compost production
- RDF Production
- Methane Gas extraction
- Reclamation of old landfill
- Construction of lechate treatment system

- Construction of sanitary landfill

Keywords: Waste Management, compost, MBT Methods, CDM
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1 Introduction

The daily production of solid wastes in Tehran is 7500 tons (min 4000 — Max 11000 t/d)
which according to analyses almost %65 is organic materials which can be composted
(wet wastes) %32.5 is solid wastes and %2.5 is special household waste and the
healthcare waste as almost 40 tons daily. As the waste decays fast it is collected once
in 24 hours from the production sources. This method is based on a three years plan.
Presently the collection is mechanized by implementing this project the 2 millions point
of waste reduced to 70.000 bins which has a good effect on reducing the air pollution.

2 Materials & Methods

The proposed 4000 tone per day windrow composting operation at Kahrizak has been
designed to treat municipal solid waste from the Municipality of Tehran on a 22 ha site
in the present location of three waste screening plants located in the south section of
Arad Kooh Compost Plant. The plant is designed to:

e to reduce the waste flow to the landfill;

e produce a safe and high quality compost;

e reduce the methane emissions at the landfill and to capture carbon credits for

these emission reductions; and

e Meet international environmental and health and safety standards.
The design concept is based on the use of the least cost windrow technology for com-
posting, use of robust and reliable equipment, availability of spare parts, local know how
and intimate knowledge of the workings of the Tehran solid waste management system.
Equipment such as mobile windrow turners will be purchased from abroad because of
their high reliability and quality and low maintenance requirements. Equipment like de-
stoners, shakers and related equipment has been avoided due to their high investment
and maintenance costs. Glass and pebbles are mostly found in the screened compost
fraction in the size range between 10 and 20 mm. The process flow sheet for the pro-
posed composting facility is shown in Figure 1.

The input waste to the plant will be supplied from selected districts in Tehran, delivered
to the plant in 20 tone semi-trailers, weighed and then unloaded at the reception area in
front of the Sorting Halls. Bulky items like tires and broken furniture pieces will be col-
lected at the reception hall and transferred to the landfill. The next stage of sorting in-
volves drum screening with a mesh of 70 mm to produce an underflow which has a very
high fraction of biodegradable organic waste suitable for composting. The overflow from
the drum screens with recoverable recyclables is discharged onto a manual sorting
conveyor belt. Major sorting activities to recover these recyclables will take place on
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both sides of the sorting conveyor belt and separated items will be dropped into chutes
and collected in wheeled bins under the elevated sorting lines.

Delivery of MSW
waste from se-
lected transfer

A 4
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landfill

v
Manual sorting
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"| the windrow piles
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Compost

Figure 1 Process Flow sheet for the 4000 tpd Windrow Compost Plant
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From here they will be taken to the baling area to compress items like plastics and
cardboard to reduce the volume ready for collection and transport. Non-recyclable ma-
terials will discharge off the end of the sorting conveyor directly into pressing system
and transported directly to the landfill after weighting.

3 Results & Discussion

The daily production of solid wastes in Tehran is 7500 tons which according to analyses
almost %65 is organic materials which can be composted (Table 1). About 60 percent of
incoming waste passes to the drum screen underflow and this fraction is collected on
conveyor belts and discharged directly into the asphalt lined windrow pad. This pad is
sloped and has facilities to collect any leachate that seeps from the windrows. Windrow
piles will be formed by front end loaders and then by means of large mobile windrow
turners will be turned on 7", 14™, and 21 days and collected on 28" day. Moisture,
oxygen levels and temperature in the windrow piles will be regularly checked by on-site
quality control staff to ensure optimum conditions for the composting process. The wind-
row turners have provisions for spraying water and biologically active inoculums to
speed up the composting process and produce a better quality product. The inoculums
also considerably reduce odors.

Table 1 Test of waste compositions

Waste Type Mass %
wet waste 65.22
bread 0.86
soft & hard plastic 1.52
PET 0.27
Plastic bags 7.73
Paper 3.41
Cardboard 9.20
Ferrous metals 0.67
Non-ferrous metals 0.04
Fabric 4.38
Glass 1.27
Wood 0.16
Tiers 0.00
Leather 0.50
Dust & Rubble 0.85
Special Waste 2.58
Other 1.34
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The layout of the plant has been designed for two possible options after the first stage
composting process, as follows:

3.1 Option A

The raw composted waste is loaded into trucks and taken to the Kahrizak landfill to be
used as cover material for final reclamation of the landfill. The raw compost matures
naturally as it is placed on the landfill. This composted material has several very impor-
tant functions as final landfill cover: (i) it retains moisture; (ii) it oxidizes the methane and
other gases that escape from the landfill even in areas that have gas extraction wells,
but most importantly in areas where it is not economic to drill wells and capture the gas.
This results in additional GHG emission reductions that could be counted as positive
leakage in this Small Scale methodology if a sound technical method can be developed
by OWRC to measure the methane emission reductions that have been achieved; (iii) it
reduces leachate ; (iv) it reduces odors; (v) it provides an ideal substrate to support the
growth of trees even fruit and nut producing species, thereby rehabilitating the landfill
site for a productive use; (vi) it greatly improves the visual impact of the landfill; (vii) pre-
vents destruction of vegetation by oxidizing the undesirable gases; (viii) purifies the air
around the landfill site; (ix) reduces the cost of soil cover as less cover material is re-
quired; (x) reduces the investment and O&M cost for composting as well as the footprint
of the composting site; and (xi) reduces the process emissions in the composting proc-
ess.

3.2 OptionB

After 28 days processing coarse immature compost will be taken to the fine compost
area and screened with mobile screening equipment to produce three fractions: (i) an
immature compost product with a size range <10 mm (Grade 1); (ii) a product between
10 and 20mm, which will be sold as Grade Il after further maturation; and (iii) a reject
oversize fraction of >20mm, which will be landfilled, or reused in the leachate treatment
plant at the landfill. The two product grades will be taken to the covered product matura-
tion building where it will be held for at last 20 days, monitored and turned with front end
loaders as needed and then sold as bulk compost or bagged for sale through distribu-
tors to individual buyers. Additives will be incorporated before sale to enhance the effec-
tiveness and value of the compost. Physical and chemical analyses of fine compost
<10mm will be carried out on a regular basis to ensure that it meets government quality
standards and market demands. This will include analyses for heavy metals, particu-
larly lead and cadmium. The other heavy metals such as copper and zinc, which are
found in the compost, have beneficial impacts on agriculture as they tend to be deficient
in most Iranian soils. All materials entering and exiting the site will be weighed.
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3.3 Design, Built and operation of Waste screening plants

The present four waste screening plants which processed approximately 4,000 tones
MSW from the time they were installed in March 2008 until September 2008 operated
some 300 days in the year. In order to reach the 4,000 tone/day design capacity of the
proposed Kahrizak Composting Plants the following up-grades and expansions have
been done:

e The 500 tone/day screening plant, which is located in the north section of Arad
kooh mechanical compost plant site, will be relocated next to the second 500
tone/day screening plant in the southern section of the site to reduce manage-
ment and maintenance costs. Both of these plants will be overhauled to ensure
reliable operation under the expected future throughput

e The 2*500 tone/day screening plant also have been designed and constructed by
local experts and the two sorting lines and the press system have been relocated
under the sorting building. These 2 lines are expanded for working in 2 work shift.
Consequently, the capacity will rise to 2000 tpd.

e A new 3*500 tpd sorting hall has been installed on the mechanical compost plant
site

e The composting pad has been reconstructed to support heavy machinery and will
be sealed with asphalt with drains to collect any leachate that seeps from the
windrows. The leachate will drain to a sump and the collected leachate either re-
used by spraying on the windrows or taken to the proposed leachate treatment
plant at the landfill.

e A dedicated fuel storage and distribution center will be established to dispense
fuel only for use by process equipment on the site as required under this Small
Scale Methodology

e A well stocked spares parts warehouse will be installed to reduce the idle time.

e OWRC’s laboratory on the site has been upgraded with analytical equipment, re-
agents and portable equipment to measure oxygen, temperature and moisture in
the windrows, regularly analyze for C, N, moisture and ash as required by the
monitoring methodology and carry out maturation and other tests described
above on any compost that is sold for agricultural purposes.

After the overhaul and expansion the Kahrizak Composting Plants it is expected to treat
1,200,000 tone of waste annually, of which 720,000 tones of screened underflow will be
composted, 36,000 tones of recyclable materials will be recovered and sold, and
444,000 tone of rejects containing very little biodegradable organic matter will be
pressed and ready to change in to RDF. Each year the composting operation will pro-
duce some 230,000 tone of raw compost, which will either be used for rehabilitation of
the landfill as under Option A, or processed as under Option B to produce 134,000 tone
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of Grade 1 and 48,000 tones of Grade 2 compost and 48,000 tones of screened rejects
that will be landfilled. Under Option B the refined compost will have value as an organic
fertilizer for certain crops under controlled application rates, as well as use in horticul-
ture and for green areas in the city. Green area maintenance contractors should be re-
quired in their contracts to use this compost instead of mineral fertilizers to boost the
local demand for the product and improve the profitability of the plant. The green areas
can tolerate higher applications of trace metals than crops which are destined for hu-
man consumption.

3.4 Estimated Capital and Operating Costs for 4,000 tpd Composting
Plant Options A and B (Table 2)

Table 2 Cost Estimation

Option Capital Cost Yearly O&M Cost O&M Cost/tone Waste
(US$) (US$) (US$/tone)
A 9,100,000 3,870,000 3.22
B 10,580,000 3,600,000 3.00

3.5 Compost plant management (present and past)

Before new construction and compost plant expansion, the Contractors are being paid
22,000 Rials, or US$ 2.4 as gate fee and are being charged 15,000 Rials (US$ 1.63) as
a tipping fee by OWRC for disposing of their rejects in Kahrizak Landfill. The rejects are
estimated at 40 percent of the input waste and the tipping fee is charged against their
accounts on a monthly basis. The net revenue received by the Screening Plant contrac-
tor = 2.4 — 0.4*1.63 = US$ 0.98/tone waste. The revenue received by the Contractor
from the Recyclers is US$ 0.35/tone, giving total revenue of US$ 1.33/tone waste. This
is less than the tipping fee but the Contractors have been accumulating screened waste
on the plant site and OWRC had the responsibility of clearing the site and the cost of
transporting to the landfill. Hence OWRC is incurring real costs greater than the tipping
fee and is not saving costs as a result of the operation of these screening plants as it
may have thought in the beginning when it set their gate and tipping fees.

While OWRC would be responsible for the capital investments in the 4000 tpd compost-
ing plant it would contract with a Management Contractor to manage and operate the
plant. At the present time, the Management Contractors cover its costs by selling valu-
able materials. Nevertheless, they also pay tipping fee on a monthly basis. Mean while
OWRC manage fermentation zone and compost production by it self.
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At the next step, The OWRC select contractor to produce fine compost at its own cost
for installing the new screening equipment and marketing the compost. The contractor
should be allowed to keep any revenues from compost sales which will provide an

added incentive to process and compost the waste in a well managed way.

4 Conclusion

Hence, Assume Carbon Revenues of US$18,000,000 for 6 years from 2009 — 2014 and
US$9,000,000 paid upfront for the capital cost of the plant. Therefore the Municipality
will receive US$1.5 million per year from carbon revenues However, there will be many
benefits from this investment by delaying costly construction of new landfill capacity and

reducing leachate generation by about a half.
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Material Recovery Stations in City of Tehran: A Case Study

Mahak Sabouri', Mohammad Mehdi Anvari®
1 PalaTech Sanat Asia Co., Tehran-Iran
2 Municipality of District 20, Tehran-lran

Abstract

This paper presents practical experiences in design, manufacturing and management of
the Material Recovery Station (MRS). In addition this paper uses some related informa-
tion to report the current state of MRS in Tehran. Here, Tehran's MRS systems will be
analyzed with respect to their performances. Considering the local needs, a tailor made
cost-effective waste recovery system is proposed to optimize the current MRS. It is es-
timated that once the proposed MRS plant is implemented, it will increase the recovery
rate by 5 to 10 percent. In other words, considering all the 22 stations in Tehran munici-
pality equipped with the proposed system, at least 140,000 tons of waste per day can
be recovered and hence diverted from the landfill.

Keywords
Material Recovery Station, Municipal waste, Source Separation, Recovery Line, Recov-
ery System

1 Introduction

Municipal Waste Management is a serious environmental challenge confronting local
municipal authorities in many countries around the world. This is especially true for the
developing countries. As a result of rapid population growth and increasing rate of un-
planned urbanization in many cities in developing world, volume of the MSW is increas-
ing tremendously. (H.A. Abu Qdais, 2007)

Due to the high price of land around the large cities, landfilling that uses a large area of
land will become costly. Distancing the landfill site from the cities may reduce the land
price but instead will increase the transportation costs. The aforementioned costs are in
addition to the environmental and social impacts that landfilling may cause.

Due to the economical, environmental and social problems with the landfilling, it will be
acceptable to invest in alternative solutions. This means diverting the waste from the
landfills. MRS is one of the best known solutions. (Horng-Guang Leu et al., 1998)

1.1 Waste Management in Tehran

Tehran, the capital and largest city of Iran, with the population of 7.8 Million people,
produces approximately 6000 tons of municipal waste daily (OWRC, 2008) (SClI, 2006).
Municipal solid waste includes more than 97% of Tehran’s solid waste, while three other
types of solid waste, hospital waste, industrial waste and construction & demolition wa-
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ste comprise respectively 1.0%, 0.6% and 0.5%. (Abdolmajid Mahdavi Damghani et al.,
2008)

Organization of Waste Recycling and Composting (OWRC) of Tehran is a subsidiary
municipality organization responsible for processing waste produced in Tehran. This
organization is responsible for Training programs, public awareness activities, dry waste
(recyclables) collection and processing, and the whole final disposal treatments of the
waste produced in Tehran.

Collection and transportation of the mixed waste from the household to the landfill
through the transfer stations is the responsibility of a subsidiary municipality organiza-
tion, called Motorized Services Organization (MSO).

Household SW is collected in two ways. First, the household SW is collected at doors,
which is done once every night at 21:00. Second, recently public waste containers (660
and 1100 liter) provided by Tehran municipality is available on the road sides within
each neighborhood as a part of its Program for the Mechanization of the SW Manage-
ment System in Tehran (Abdolmajid Mahdavi Damghani et al., 2008).

The mixed waste is collected daily and transported either directly or through transfer
stations to the Tehran's only landfill, in southeast of the city by MSQO's private suppliers.
Tehran's landfill, called Kahrizak, is being used to receive the whole waste of Tehran
since almost 80 years ago. OWRC of Tehran has taken several steps to improve the
use of Kahrizak landfill. Installing several compost plants and initiating a source separa-
tion program were part of this effort.

Unfortunately, despite all these efforts, there are still many problems in dealing with the
enormous amount of the waste Tehran produces every day.

1.2 Source Separation Program

Tehran has 22 municipality districts. Each district has a MRS used to receive and sort
the collected recyclables.

After some research, MROT started the Waste Management Plan of Tehran few years
ago. The Tehran Source Separation Program (TSSP) was an important part of that. In
the TSSP, free plastic bags are distributed between the households and, later on, filled
bags are collected at doors once or twice a week. The dry waste collected from each
household is transported into the separation stations.

Bags are transported to MRS of the same district where mixed recyclables are manually
sorted. The sorted recyclables are simply packed into large bags and then without any
further treatment they are sold to the dealers. Other cities in Iran follow similar schemes.
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The collection frequencies can be variable in different places, or, households may re-
ceive free trash bins instead of free plastic bags.

The waste production rate and daily waste recovery rate in individual districts of Tehran
are presented in Table 1. Based on information reported in Table 1, the Total amount of
municipal waste produced in Tehran is calculated to be 5847 tons/day and the average
recovery rate for the recyclables is 8.4% (OWRC, 2008). As it is shown in the Table 1,
the recovery rates for some districts are higher than the rest. This is due to the better
performance of the collection systems and availability of mechanized equipment in the-
se stations. On contrary, in some other districts despite the larger MSW production, the
recovery rate is much lower. This big difference is mostly due to the sorting line equip-
ment deficiencies.

This paper uses the district 22 as a case study where different aspects of the proposed
system are studied. The goal is to increase the waste recovery system’s performance
by proposing a mechanized sorting line for the MRS of the district 22.

1.3 Environmental Depletion Control

Implementing the new system will not only generate Tehran municipality the substantial
financial advantages, but also will save the environment by recovering more recyclables
and to prevent depleting and damaging the natural resources.

Tehran's current landfill site is currently receiving more than 7500 tons of municipal and
industrial waste of Tehran and the suburb area daily. Recently the old landfill was com-
pletely filled and is now out of commission (Figure 1). Consequently a new sanitary
landfill was prepared (Figure 2).

The new landfill is a well engineered facility with leachate and gas collection systems.
Despite municipality's effort to design and implement a new cell under acceptable stan-
dards to control gas emission and the leachate, it still has to deal with the large amount
of waste produced in Tehran daily. The current source separation program can only di-
vert less than 10% of waste from landfill.
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Table 1: Performance of all 22 Material Recovery Stations of Tehran Municipality (OWRC,
2008) (SCl, 2006)

District el Produced Municipal =~ Material Reco- Recovery Rate

Number Waste (ton/day) very (ton/day) (%)
1 379962 349 13 3.7
2 608814 478 54 11.3
3 290726 311 26 8.3
4 819921 569 45 7.8
5 679108 445 35 7.8
6 237292 300 35 13.7
7 310184 279 16 6.4
8 378725 233 34 14.6
9 165903 120 9 7.5
10 315619 219 7 3.1
11 275241 195 28 14.6
12 248048 273 32 10.6
13 245724 144 20 13.7
14 483432 262 24 8.9
15 642526 427 26 6.1
16 291169 213 23.5 11
17 256022 165 12 7.6
18 317188 250 5.5 2.2
19 247815 179 11 6.2
20 335634 256 15 5.5
21 159793 110 6.3 5.7
22 108674 70 6 85

Total 7797520 5847 483.3
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Figure 1: Tehran's old landfill

Figure 2: Tehran's new landfill

2 District 22 MRS: A Case Study

The 2008 statistics shows that the district 22 with an area of 62 km? had a population of
109 thousand people. Approximately 70 tons of MSW is produced in this district daily
(OWRC, 2008).

Like most other MRS, the MRS of the district 22 is ran by the private sector and super-
vised by district municipality authorities. Based on the population density of the district,
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up to 5 special vans are assigned to collect the recyclables from the doors. District 22 is
divided into several zones. Free plastic bags are distributed in each zone on weekly
basis, different days for each individual zone. Consequently, the filled bags are col-
lected from the doors on pre-assigned days. Unfortunately, only a limited number of
households are cooperating with this source separation plan. Every now and then, the
district authorities plan and execute encouraging programs to persuade more people to
join the plan.

The collected plastic bags picked from households' door, are transported directly to the
recovery station, where, they will be discharged in a room close to the conveyer. Bags
are emptied on top of the conveyer belt, where they will be sorted. The whole process is
performed manually. This process is depicted in Figure 3.

Figure 3: Sorting Line in Recovery Station of District 22

The recovered materials are packed in large bags. There is always a good market for
recyclables in Iran. Most materials are sent to the second suppliers for further treatment
before being sold out to the final customers. In this case, the compaction and shredding
of the recyclables will decrease the transportation cost and increase the material value.

The rejected material will be collected at the end of the line and then transported to the
landfill by municipality's public collection services.

Despite the current public training programs, only 8.6% of 70 tons of the waste is col-
lected at doors and transported to the recovery station (OWRC, 2008). The rest of recy-
clables are still thrown away with the mixed waste and will end up in the landfill.
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The current low rate of material recovery is mainly caused by two factors:

1. The lack of public awareness concerning the advantages of the recovering the
recyclables.
2. The lack of proper mechanized equipment in this station (Mahak Sabouri, 2007).

The first factor will directly affect the number of people who will voluntary cooperate with
the WMPT. To increase the number of volunteered families, more training and uprising
programs for the different levels of the population is certainly required. This subject is
out of scope of this paper (Abdolmajid Mahdavi Damghani et al., 2008).

As for the second factor, providing proper mechanized equipment can help to improve
the current situation. Details of the proposed system are explained in the next section.

3 The Proposed Recovery System

In the MRS of the 22" district, lack of a proper separating and sorting method is one of
the main reasons that keep the recovery rate of the material low. In the current system,
the sorting line is not designed properly. Therefore, the sorting labors don’t have easy
access to the recyclables on the sorting line (Mahak Sabouri, 2007).

In the proposed system, the conveyer belt should be with a right size (in width and
length). It should be equipped with a speed controller, positioned on the right height. In
the proposed recovery system a sorting conveyer belt with one meter width and 12 me-
ters length is located a few meters above the ground (Mahak Sabouri et al., 2008).

Due to the low density of the recyclables, the second factor in decreasing the recovery
rate is the high cost for the transportation of these materials. In the proposed plan, two
press machines, one heavy duty and one light duty, will be used to compact the heavy
and light recyclables, respectively.

As an overview on the whole system, the mixed recyclables delivered to the stations are
discharged in the feeding hopper and then the waste will be transported to the sorting
line through a declined T-conveyer. There is an electro-magnet at the beginning of the
line to separate the metals. There is also a blower which flattens the compacted waste
piles on the conveyer belt to make the manual separation easier in the following stages
of the process. The block diagram of the process is depicted in Figure 4.
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Figure 4: Sorting line

Applying the proposed system, the recovery rate is estimated to improve by at least 5%.
This rate is based on the results of the questionnaire completed by managers of the
recovery stations in nine districts of Tehran. This improvement is firstly due to the higher
sorting efficiency in this process, and secondly due to the effect of the compaction of the
materials and the increased transportation efficiency.

At the present, 70 tons of waste is separated at houses and collected by the dry collec-
tion system and transferred to the MRS daily. Considering 5% increase in recovery rate
by implementing the new system, 3.5 tons more waste will be recovered and hence the
same amount of waste will be diverted from the landfill daily.

4 Results

The approximate price of the mix recyclables in Tehran is 100 Euro/ton (Mahak Sabouri,
2007). The cost of waste collection from the doors, transporting them to transfer stations
and then to the landfill and finally disposing the waste at the landfill site of the city, is 30
Euro/ton in 2008 (OWRC, 2008). Considering the aforementioned unit prices, the finan-
cial benefits of the proposed plan for the municipality is calculated and reported in the
Table 2.
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Table 2: Finantial profit of increased rate of recycling (Euro)

Daily Monthly Yearly
Only in District 22 497 14,910 181,405
In all 22 Districts (for the whole city) 41,514 1,245,411 15,152,501

The cost of manufacturing and commissioning the sorting line by a local manufacturer is
calculated to be around 190,000 Euros in year 2008. The sorting line equipment include
feeding hopper, elevating inclined conveyer, blower, electro magnet, sorting conveyer, 6
shoots, 3 wheeled wagons, 50 and 100 tons press machines. (Mahak Sabouri et al.,
2008)

It is estimated that implementing the proposed system only in district 22, the Tehran
municipality will save at least 181,405 Euros annually (Mahak Sabouri et al., 2008). As
reported in Table 2, municipality can save even more, once all 22 districts of Tehran
Municipality are equipped with such new lines.

5 Conclusions

Tehran municipality is currently investing on increasing public awareness towards the
general training programs. This paper is aimed to prove that investing on MRS will not
only reduce environmental impacts of the municipality waste but also will help to save
on the waste management costs. Selling the recovered recyclables will provide an addi-
tional income for the municipality. Considering all the 22 districts and only a 5% in-
crease in the recovery rate, the municipality can save around 41,514 Euros per day in
expenses through selling the recovered recyclables and diverting more waste from the
landfill. The proposed system can be applied on any of the 22 districts in the city of Te-
hran. However, a few of them have initial waste treatment equipment. The proposed
plan can be also applied to other cities where the source separation plan is in the plan-
ning phase or already started.

6 Future Work

Considering our previous experiences in design, manufacturing and managing similar
systems in other Iranian cities, goal is to convince the Tehran municipality to consider
the proposal and to implement the system in at least one of its districts.

Intension is to use new sensor technologies for the detection of the material. For exam-
ple, sensor technologies such as Ultra-sound or Near Infra Red (NIR) can be used to

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



44  Material Recovery Stations in City of Tehran

detect the type of the material placed on the conveyor belt. Detecting the material of the
objects, system can sort them automatically. As a result of implementing this approach
the manual sorting will be eliminated.
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Environmental and Economical Aspects for Municipal Solid
Waste Treatment Alternatives in Some Lithuanian Regions:
Incineration and/or Mechanical Biological Treatment
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Abstract

Seeking to satisfy the requirements Lithuanian Strategic Waste Management Plan the
feasibilities of two main alternatives like incineration and mechanical-biological treat-
ment have been accessed for some Lithuanian waste management regions. This as-
sessment has been performed by use of LCA-IWM assessment tool. It is evident that
alternative of MMSW incineration in some energetic and environmental aspects is more
advantaged than MMSW mechanical-biological treatment and subsequent incineration
of obtained high calorific fraction (HCF). Also only during MMSW incineration the values
of waste energy efficiency according to new EU Waste Directive are satisfied.
Keywords

Energy efficiency, environmental impact, high calorific fraction, incineration, life cycle
assessment, mechanical-biological treatment, municipal solid waste.

1 Introduction

The implementation of requirements of Council Directives 1999/31/EC (Landfill of
Waste) and 2001/77/EC (Promotion of Electricity Produced from Renewable Sources in
the Internal Electricity Market) is actual both for Lithuania and for other many new EU
members. The incineration of municipal solid mixed waste (MMSW) can be one from
some possible means for realisation of these purposes. The main MMSW disposal me-
thod in Lithuania leaves still landfilling. It is necessary to underline that already before
some years the Lithuanian scientists tried to evaluate the municipal waste incineration
feasibilities the energetic and environmental point of view both for Lithuania in general
(Denafas, 2003) and for separate Lithuanian regions (Wade, 2006; Rimaityte, 2006).
However the Lithuanian government took these feasibilities up only after entrance of
Lithuania to EU and corresponding obligation for fulfilment of above mentioned direc-
tives. To this aim the special pre-feasibility study had been prepared (Preparation,
2006). This study gave the motive for representatives of private business to construct
the waste incineration plants (WIP) in some Lithuanian regions. But this intend rose the
stonewalling of Vilnius (Lithuanian capital city) inhabitants, also the opposition of busi-
nessmen who planed the development of MMSW mechanical-biological pre-treatment
(MBP). Therefore the aim of this publication is to present the MBP and different incin-
eration feasibilities for some waste management regions in Middle-North Lithuania (Si-
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auliai, Panevézys, TelSiai and Tauragé) and to perform the corresponding environ-
mental and energetic assessment. The borders of all Lithuanian waste management
regions are practically congruous with the borders of Lithuanian counties.

The assessment of MBP and incineration alternatives for mentioned waste manage-
ment regions had been performed in concordance that according to Lithuanian State
Strategic waste management plan and considering the recommendations of EU special-
ists (Deliverable, 2003) the separate collection and recycling of municipal waste frac-
tions will be:

biowaste — 22 %

paper and cardboard - 60 %

plastics and composites — 25 %

glass — 60 %

metals — 50 %

other combustible waste (in fact — wood)) — 3%.

Figure 1 Waste management regions in Lithuania
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2 The prognosis of municipal solid waste generation and
content for selected waste management regions

By use of prognostic model LCA-IWM (den Boer, 2005) the forecasts of municipal gen-
eration have been performed (Figure 2.). Keeping in the mind the proposed separate
collection the MMSW should be predominant nevertheless (Figure 3). The forecasted
content of MMSW (with biowaste domination) is presented in the Figure 4.

35328 t; 9%

19872 t; 5% B X

A Plastics and composites
130400 t; 33% &I Biodegradable waste 37600 t; 10%

Other burnable 30200 t; 8%
B Other unburnable
Figure 2 Municipal solid waste generation forecast (2013; Siauliai, PaneveZys, TelSiai

and Tauragé waste management regions; Lithuania)

19140 t; 5%

18800 t; 5%

61800 t; 16%

7550 t; 2%

28688 t; 7%

M Paper and cardboard
B Glas
[ Metals
FlPlastics and composites

656 t; 0%

M Biodegradable waste
@ Other burnable 0t; 0%
B Other unburnable
ElMixed municipal waste

251666 t; 65%

Figure 3 Municipal waste collection forecast (2013; Siauliai, PaneveZys, TelSiai and
Tauragé waste management regions; Lithuania)
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Y 1%

K Paper and cardboard
BGlas

O Metals

B Plastics and composites
C1Biodegradable waste
Other burnable

& Other unburnable

11%

Figure 4 Mixed municipal solid waste content forecast (2013; Siauliai, PaneveZzys, Tel$iai
and Tauragé waste management regions; Lithuania)

3  The alternatives of MMSW management

Furthermore by use of the assessment model with the same name LCA-IWM (den Boer,
2005) the some MMSW management alternatives are assessed and compared ener-
getically and environmentally:

Zero alternative: MMSW landfilling.

In this case the collected residual MMSW are landfilled.

1 alternative: MMSW mechanical-biological pre-treatment (MBP) and HCF incinera-
tion in cement kilns

In this case:

- collected residual MMSW are treated mechanically with particularly metals separation
and dividing to high calorific fraction (HCF) and low calorific fraction (LCF);

- separated metals go to recycling;

- LCF is treated biologically and the content of biowaste is significantly reduced;

- HCF is incinerated in cement kiln (SC “Akmenés cementas”, Naujoji Akmené).

2 alternative: MMSW mechanical-biological pre-treatment (MBP) and HCF incinera-
tion in WIP
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In this case:

- collected residual MMSW are treated mechanically with particularly metals separation
and dividing to high calorific fraction (HCF) and low calorific fraction (LCF);

- separated metals go to recycling;

- LCF is treated biologically and the content of biowaste is significantly reduced;

- HCF is incinerated in WIP with energy recovering, the 80% of formed slags is used for
construction of ways;

- stabilised LCF and rest slag are landfilled.

3 alternative: MMSW incineration in WIP

| this case:

- collected residual MMSW are incinerated in WIP with energy recovering;

- the metals are separated from formed slag and 80% of slag is used for construction of
ways;

- the rest slag is landfilled.

The used assessment tool LCA-IWM evaluate the chemical content, moisture and calo-
ricity of every waste fraction, also the pollutants emissions conditioned by each waste
treatment technology (Deliverable, 2003). The tool considers that fire grate technology
(as best available technology) with effective gas cleaning system is used for waste in-
cineration. The tool also considers the parts of waste fractions to be divided between
HCF and LCF, also the part of biowaste to be destroyed in the biological stage of MBP.
The corresponding contents of HCF and stabilised LCF are presented in the Figures 5
and 6.

B Paper and
cardboard

BGlas

OMetals

B Plastics and
composites

OBiodegradabl
e waste

@ Other
burnable

[ Other
25% unburnable

Figure 5 HCF content forecast (2013; Siauliai, PaneveZys, TelSiai and Tauragé waste
management regions; Lithuania)
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@ Paper and cardboard BGlas OMetals
OPlastics and composites @ Biodegradable waste @ Other burnable
B Other unburnable
0
6% 22%
47% °
+ 9884
2%
7%
16%
0%
Figure 6 Dry stabilized LCF content forecast (2013; Siauliai, PaneveZys, Tel$iai and

Taurageé waste management regions; Lithuania)

4 Assessment results

First of all we review the differences of waste and/or waste treatment residues flows to
the landfills for every alternative (Figure 7). It is evident that:

- due to MBP and following HCF incineration — 2,8 times;

- due to MMSW incineration - 17 times.

It is necessary to have in the mind that namely biowaste accessing to the landfill with
MMSW and/or its treatment residues make mostly environmental impact problems be-
cause during anaerobic biowaste digestion the main amount of greenhouse gas (meth-
ane CH,4) and toxic compounds is emitted together with landfill gas and leachate. The
emissions of these environmental pollutants during waste incineration (considering to
gas cleaning efficiency) are significantly lower. Figures 8 and 9 clearly illustrate the ad-
vantages of MMSW incineration.

The economic assessment of investigated alternatives is characterised in the Figure 10.
So the operating costs for MMSW incineration in the WIP are almost 2 times lower than
for MBP. However the corresponding investment costs are about 3 times higher. The
costs for exploitation of cement kiln during HCF incineration in the already functioning
Lithuanian cement production facility are excluded.

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



Environmental and Economical Aspects for MSW Treatment alternatives in some Lithuanian Regions 51

300000 258345

250000

200000

108229

S 150000 102062

100000

50000
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in cement in WIP WIP

Figure 7 Waste or waste treatment residues flows to the landfill for MMSW treatment
alternatives (2013; Siauliai, PaneveZys, Telsiai and Tauragé waste manage-
ment regions; Lithuania)
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Figure 8 Greenhouse gas emissions for MMSW treatment alternatives (2013; Siauliai,

PaneveZys, TelSiai and Tauragé waste management regions; Lithuania)
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Possible investment, operating and overall costs for MMSW treatment alterna-
tives (2013; Siauliai, PaneveZys, TelSiai and Tauragé waste management re-
gions; Lithuania)
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5

Conclusions

The performed assessment for Siauliai, Panevézys, Tel$iai and Tauragé waste man-
agement regions in Lithuania shows that:

Due to MBP process for MMSW and subsequent HCF incineration (both in ce-
ment kiln or in WIP) the waste or waste treatment residues flow to the landfill
would be reduced about 2,8 times, due to MMSW incineration - 17 times. In
comparison with incineration in WIP, HCF incineration in cement kiln reduce the
total amount of treatment residues very unsignificantly;

Due to MBA process and subsequent HCF incineration for MMSW the biowaste
flow to the landfill would be reduced 5-6 times, due to MMSW incineration the
biowaste flow to the landfill is excluded;

In comparison with MMSW landfilling the MBP process with subsequent HCF in-
cineration reduce greenhouse gas emissions 7 times, MMSW incineration — 11
times;

In comparison with MMSW landfilling the MBP process and subsequent HCF in-
cineration reduces the human toxicity 16 times, MMSW incineration - — 232
times.

In comparison with MBP the economic advantages of MMSW incineration are
evident concerning operating costs, however the corresponding investment costs
for incineration in WIP are about 3 times higher. HCF incineration in existing ce-
ment production facility excludes the costs for construction and exploitation of in-
cineration plant.
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Does EU waste legislation comply with the best available
MBT technologies?

Indrek Paal

Ecocleaner LLC, Tallinn, Estonia

Abstract:

My presentation is driven by the rejecting attitude we have faced during the establishing
process of the very first mixed municipal solid wastes MBT terminal in the Baltic states.
During the preparatory phase of the presentation, the presumable cause for the doubts
of local Estonian officials became evident — sorry to say, but it all starts from the existing
and emerging European legislation. MBT technology, especially processing mixed solid
wastes and the subsequent products is described in a number of EU documents that
regulate waste handling in a manner that allows them to be held an evolutionary dead-
end, if desired. Ecocleaner has been engaged in investigating MBT problems for four
years. We operate the Baltic first mixed municipal solid wastes MBT terminal since the
1st of January, 2008. The aim of the presentation is to introduce a possible utilization
field that is already tested in practice, and the associated problems.

Keywords:

Municipal Solid Waste & MBT vs Composting & separately collected biowaste
1 Green Paper

11 One of the EU waste management basic documents “Green
Paper”

... deals with MBT only in connection with operations that are carried out before
landfilling mixed solid wastes. The preamble of the legal instrument declares that the
strategic target of the EU is turning the EU population into a resource efficient and
waste recycling society. At the same time, Articles 3.1 and 4.1 describe a mixed solid
waste MBT as a very limited means of waste management. Green Paper instructs to
increase sorted waste collection, as the biowastes collected this way are cleaner so that
high quality compost or biogas could be produced. It is positive that landfilling is
regarded the worst waste management ever and implementing waste hierarchy is
underlined as essential.
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2 End of Waste Criteria Final Report- Compost Case
Study

2.1 Treatment Options

The other EU waste handling document defines the MBT status of mixed solid wastes
once again declaring that usually it is not possible to produce quality compost from
mixed solid wastes. We would eliminate much of the confusion and misunderstanding if
waste handling legislation defined that not only quality compost producing is essential
concerning biowaste separate collecting, as for maximal recycling/recovery possibilities
of components in mixed solid wastes. As for municipal waste mass components
recycling and from the economic point of view, there do exist other equivalent or better
solutions.

As regards the environmental as well as the economic aspect, it is important, most
essential that hazardous wastes must always be separated from municipal wastes and
separately collected biowastes and the management must be more efficient. As for
activating raw material reuse and recovery markets, it is important to notice that
establishing uniform quality parameters for and supervision over treatment processes of
potential secondary raw material products, produced from processed wastes, using
whatever methods, including those of inferior quality at a first glance — will enhance trust
towards them and create markets for them.

3 Whatis MBT?

There are a number of versions and perceptions about the Mechanical Biological
Treatment, caused by traditions, laws and technical possibilities and ideas. This number
is too big! Officials and practitioners often miss the point and it seems that neither party
is able to understand the other one.

4 Compost from green waste or MSW

It is completely obvious that during the biodegradation processes there are no ways for
plastics, glass or heavy metal residues to be added to the mass. The initial compost
mass contains these materials, so such ingredients are included from the very
beginning. The fact is that compost enterprises in Germany that have for decades
processed biowastes, collected separately, get after producing high quality compost 20
— 60% such slug that could only be incinerated or simply landfilled. The pictures show
biodegradable wastes, collected separately in Estonia — left, and the right one shows
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the MSW. The structure and moisture content of these two materials makes the
difference. Based on experiments performed by scientists in Dresden Technical
University and my personal experiences, | would state that it is easier to biodegrade the
material shown right because oxygen access and water absorption structure, the
composition of material and the carbon/nitrogen ratio is better there. | call your attention
to the research work ADEME about compost markets in France. There are practically

no differences in composts and growing substrates costs but the majority would like to
consume them at O-price.

Caption 1. Separately collected biowaste (left) and municipal solid waste.

5 MBT vs Composting

Although | do not see any difference in these operations as they cannot be separated,
the Green Paper considers composting as treatment of separately collected biowastes
and MBT as treatment of mixed municipal solid wastes. Still | will try to show the
efficiency of the two different approaches in the table below. The given sample is based
on Estonian enterprises. In order to achieve the same waste input volume by container
composting, at least three up to five times the sum has to be invested. In an Estonian
landfill where separately collected biowastes are treated by means of Envicont C900,
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about 20 000 tons of mixed solid wastes are deposited a year. In spite of the fact that
biowastes have been separately collected in the area for several years, there have not
been managed to collect it over 1000 tons per year.

Table 1. Comprasion of Ecocleaner MBT and composting container investment costs.

High Territory in Incoming |Outgoing [Investment
Quality MSW use for quantity |quantity per|costs
Parameter Compost [treatment biodegration |per year ear /EUR
ca. 60%
SRF,
Yes, ca. 15% Soil
MBT with depends on Improver, ca
D.O.M.E input Yes, main |lup to 35 25%
method material activity 2 ha 000 Mt CO,+H,0O 1.5 Mio
Up to 60%
Composting |Yes, Fine
with Envicont [depends on Compost
in-vessel input No, Residue for
container material landfilling |1,5 ha* 1000 Mt landfilling 0.4 Mio

* territory in use for after rotting process with maximum treatment potential up to 5000
mt p.a.

Caption 2. MBT with D.O.M.E. method and Envicont C900 composting container.

6 Waste separate collection and MBT

European Union law promotes separate collecting and composting of biowastes and
considers the mixed solid wastes MBT technology and its products as low potential
matters. The chain of collecting biodegradable wastes by categories is economically
more expensive and less effective as it brings about the need for emptying several
trashcans at different time (several logistical circles) and composting the material is
expensive. Sorted waste collecting is the right approach to waste management in its
essence as it enables in most cases to get pure material for recovery operations. Taking
into account total expenses, waste collecting by all categories is not the most resources

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



Does EU waste legislation comply with best available MBT technologies? 59

sustainable utilization at all. Estonian experience show that separate collecting of
biowastes is uneconomical. Lots of other scraps are thrown into the material and the
composting production cost is expensive due to the small amount of wastes located at
distant sites in our low density areas. Sorted waste collecting plays an important role in
reducing the amount of dangerous wastes that get into mixed solid wastes. According to
Estonian Environmental Ministry research completed in September 2008, there could be
up to 2% of such supplements.

7 Most cost effective BMT

Ecocleaner develops new BMT (Biological Mechanical Treatment) principles, being
extremely cost-effective but at the same time, having quite simple structure and being
environmental friendly. The next generation BMT technology aims for not only
production of SRF fuel but re-utilisation of maximum of the volume of the material.
Depending on SRF fuel certificate and the possible usage, the BMT technology waste
recycling rate may reach up to 100%. Ecocleaner operates the BMT, practising covered
stacks D.O.M.E aeration method for biodegradation processes, developed in Dresden
University and in use in several places throughout Germany. The effectiveness of
Ecocleaner BMT is based on performing rational treatment operations that minimize the
number of operations (moves) necessary for getting the result. Operational expenses
are minimized as the material needs no mixing (turning) during the rotting process and
the ventilation does not consume any energy.

7.1 Ecocleaner BMT modul principe — two stages

| will give you an example of how MBT technology would provide real savings. Today,
Ecocleaner operates one MBT terminal in Eastern Estonia — that could be named the
first MBT stage — biodegradation and mechanical sorting and crushing of part of
material are the procedures performed there. Additional three terminals are to be built
within a year, located in a way that they would be as near as possible to the Eastern
and South-Eastern low-density area waste produces. The second MBT process stage —
fragmentation and refining of SRF fuel — is centralised and located within reach from a
potential fuel consumer, Kunda Nordic Cement, an enterprise that belongs to the
Heidelberg Group. There are ca 240 000 people living in the service area of the
terminals in Eastern Estonia and respectively ca 250,000 in the South Estonia. The four
terminals are calculated to treat 100,000 tons of municipal wastes a year. The haul
distance of fresh wastes (humidity 50-70%) should not exceed 50 km and that of
processed raw waste fuel (humidity avg 25%) 250 km. In the coming years, landfills and
waste disposal will be our main competitors.
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Caption 3. Map of Estonia and Ecocleaner MBT terminals location

7.2 SRF

The main product of BMT terminal, which outcome is up to 60 % of the volume of
incoming wastes — is SRF fuel, parameters confirming with criteria of solid recovered
fuels certificate CEN/TS 15359:2006, 3™ fuel class that is suitable for co-incineration in
cement incinerators.

7.3 Soil Improver

The purpose of BMT terminal is not only to produce SRF fuel but some growing media
as well. If the need occurs, the first stage of the terminal may also produce quality
compost, provided that local governments arrange waste management so that
necessary volume of separately collected biowastes for producing quality compost
would be collected.

Subsequently, | would like to call your attention to the analyses of the compost which
we produce from mixed solid wastes (MSW). European Commission Decision No
2007/64/EC of 15 December 2006 provides reference data. Figures in the table show
that parameters of MSW produced soil improver comply with most of the required
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compost parameters. Ecocleaner would not be able to meet the quantity demand for soll

improver presented in the table up to the year 2014 as Estonia will undergo an intensive

process of recultivating landfills not yet meeting the requirements of EU Landfill
Directive. We have actively started designing our product standard and certification
process that will enable to expand the utilization field of the soil improver (producing

fertile soil for exhausted quarry lands, peat bogs, industrial production sites, cultivation

soil used in road building).

Caption 4. Ecocleaner Soil Improver 20 mm fraction, made 2009, Feb.

Table 2. Ecocleaner soil improver analyses.

Parameter/ Result Ecocleaner 2007/64/EC Commission
decision of 16 Dec 2006

Cu mg/kg 135 100

Cd mg/kg 1.50 1.0

Pb mg/kg 97.2 100

Hg mg/kg 0.344 1

Ni mg/kg 404 50

E.Coli 1g, MPN 48 1000

Salmonella 25 g Absent Absent

Helminth Ova 1,5g Absent Absent
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8

EU laws enable to deny the utility of MBT

All aforementioned was targeted at calling your attention to the fact that the significant
EU laws concerning waste management enable to deny the utility of MBT in treatment
of mixed municipal solid wastes.

Article 33 of Waste directive 2008/98/EC states that mixed municipal waste
remains waste even when it has been subject to a waste treatment operation that
has not substantially altered its properties. The statement gives a cause for
regarding the compost produced from mixed municipal waste always as waste
with very limited utilization field (the best available case — to be used for covering
landfills).

Today, MBT of MSW is considered to be a questionable technological solution in
Estonia.

Sorted collecting is a necessary and important means in waste management,
enabling to get clean materials in order to facilitate the recycling process. But
more important than to collect biowastes separately is to reduce the proportion of
hazardous wastes in the mixed municipal wastes.

Despite the EU basic rule — waste hierarchy — the Estonian Parliament processes
a draft of legislation which enables to create additional “sure” waste handling
solutions for European Union funding to Estonia — establishing of two brand new
landfills and expansion of existing five landfills deposit areas.
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The situation of Austrian MBT-plants — a synopsis of data
originating from a research project
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Die Situation der dsterreichischen MBA-Anlagen — eine Zusammenschau von Da-
ten aus einem Forschungsprojekt

Abstract

The target of the FWF-research project (January 2007 to September 2009) is the devel-
opment of prediction models for the determination of time consuming parameters. Res-
piration activity, gas generation sum and calorific value have to comply with the limit
values of the Austrian Landfill ordinance before landfilling. The prediction models are
based on infrared spectral and thermal analyses (differential scanning calorimetry DSC)
and multivariate statistics. Due to many advantages these methods are promising tools
for the application in waste management practice in the future. In the course of the pro-
ject many data of all Austrian MBT-plants were generated using conventional and inno-
vative methods. This study gives a short synopsis of the results obtained to date. Simi-
larities and differences between the plants depending on input materials and process
operation are presented. Variations of processes in the same plant due to changing op-
eration conditions are visualized by FTIR spectroscopy, thermal analysis and by con-
ventional parameters.

Inhaltsangabe

Das Ziel des FWF-Forschungsprojektes (Januar 2007 bis September 2009) ist die Ent-
wicklung von Vorhersagemodellen zur Bestimmung zeitaufwandiger Parameter. At-
mungsaktivitat, Gasbildungspotenzial und Brennwert missen vor der Ablagerung des
behandelten Abfalls die Grenzwerte der dsterreichischen Deponieverordnung einhalten.
Die entwickelten Vorhersagemodelle basieren auf infrarotspektroskopischen und ther-
moanalytischen Untersuchungen (Dynamische Differenzkalorimetrie). Aufgrund ihrer
Vorteile sind diese Methoden Erfolg versprechend fur die zukinftige Anwendung in der
abfallwirtschaftlichen Praxis. Im Zuge des Projektes wurden viele Daten aller dsterrei-
chischen MBA-Anlagen generiert. Diese Studie gibt eine kurze Zusammenschau der
bisher verfiigbaren Ergebnisse. Ahnlichkeiten und Unterschiede zwischen den Anlagen
in Abhangigkeit von Input-Material und Prozessfihrung werden gezeigt. Unterschiede
der Prozesse innerhalb einer Anlage durch Veranderungen des Prozessablaufes wer-
den durch die neuen Methoden und durch konventionelle Parameter dargestellt.

Keywords
Austrian MBT-plants, material characterization, processes, data evaluation

Osterreichische MBA-Anlagen, Materialcharakteristik, Prozesse, Datenauswertung
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1 Introduction

1.1 Objectives

Since 2004 pretreatment of municipal solid waste and compliance with limit values ac-
cording to the Austrian Landfill Ordinance has been required. In terms of reactivity and
gas forming potential biological parameters are in the focus of interest. The calorific
value provides information on careful separation of plastics and additionally on pro-
gressing degradation. The research project (1/2007-9/2009) concentrates on the devel-
opment of prediction models for the time-consuming biological parameters (respiration
activity and gas generation sum) and for the determination of the calorific value. The
models are based on infrared spectroscopic and thermo-analytical investigations in as-
sociation with multivariate statistics (Partial least squares regression). During the project
approximately 300 samples originating from the 16 Austrian MBT-plants were collected.
Apart from spectral and thermal analyses and the corresponding reference tests sam-
ples were additionally characterized by conventional parameters to complete the data
set and to give a comprehensive survey of Austrian MBT-plants.

The huge data pool provides a basis for the assessment of process operation and of
input materials. Due to the detailed insight weaknesses can be revealed.

1.2 Sampling and Applied Methods

The sample pool comprises materials of different degradation stages, from input materi-
als to landfilled MBT-waste. Sampling took place several times over a period of one
year to get information on seasonal variations. Samples and plants are marked by capi-
tal letters.

At the beginning several months were spent on sample preparation. The small sample
amount for spectral and thermal analyses requires particle sizes <0,2 mm. Several
steps of chopping, cutting and milling were necessary to obtain representative residue-
free samples and reproducible results.

Conventional analyses such as water content, loss on ignition, total carbon, total nitro-
gen, NHs-N and NOs-N, carboxylic acids (C2-C5), pH and electrical conductivity were
determined according to Austrian Standards. Biological tests (respiration activity and
gas generation sum) were carried out from the fresh sample (BINNER et al. 1998). Humic
acid extraction was performed according to GERzZABEK et al. (1993). FTIR spectra were
recorded in the mid-infrared range (4000-400 cm™) using the KBr pellet technique
(MEISsL et al. 2008). Thermal analysis was carried out according to SMIDT and TINTNER
(2007). Data evaluation was supported by multivariate statistical methods (Brereton
2002) using the Unscrambler Camo 9.2 software.
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2 Results and Discussion

2.1 Characterization by conventional parameters

Figure 1 (a, b, c and d) illustrates the box plots of data obtained from all Austrian MBT-
plants. The box plots indicate the minimum, the maximum, the median and the 25% and
75% quantile of the measured parameters. Abbreviations: TN = total nitrogen (% DM),
EC = electrical conductivity (mS cm™), LOI = loss on ignition (% DM), TOC = total or-
ganic carbon (% DM), RA; = respiration activity within 4 days (mg O, g' DM), GSy4 =
gas generation sum/ 21 days (NL kg”' DM); WC = water content (% WM), C2-C5 = sum
of carboxylic acids, HAc = acetic acid only. The parameters WC, LOI, TOC, TN, pH and
RA,4 comprise 280 to 300 samples, the other ones 100 samples, EC: 45 samples.
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Figure 1 Box plots indicating the minimum, the maximum, the median and the 25 % and

75 % quantile of the measured parameters
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The box plots visualize the range of the determined parameters from initial to final MBT-
waste. Although carboxylic acids and NH4-N are in general early metabolic products
they were also found at later states of the biological treatment with high variability in the
same plant. An unequivocal reason such as changes of material composition, could not
be identified. Acetic acid contributed most to the sum of carboxylic acids (C2-C5). Fig-
ure 1d displays the range of respiration activities depending on the duration of biological
treatment (< 8 weeks and > 8 weeks). It is clearly visible that most of the materials shift
to respiration activities < 14 mg O, g”' DM after 8 weeks. After an 8-week-treatment 12
materials reached the limit value of 7 mg O, g”' DM.

2.2 Development of the loss on ignition and respiration activity dur-
ing the biological treatment

The most noticeable decrease of the loss on ignition took place within the first 4 weeks,
then it decreased continuously up to approximately 20 % DM (minimum: 15.4 %). Figure
2 demonstrates the development within the most intensive rotting phase. It has to be
emphasized that the development is assembled by samples from different charges.
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Figure 2 Development of the loss on ignition (LOI) in several selected MBT-plants

Compared to the loss on ignition (Figure 2) and the TOC (not shown), the gradient of
the decreasing respiration activity is stronger. After two weeks microbial activity became
weaker causing the curve to flatten. The subsequent decrease of respiration activity
proceeded slowly. Figure 3 illustrates the particular decline of respiration activities de-
pending on process operation. Plant “O” features a steep decrease due to strong aera-
tion during 3 weeks. After 3 weeks the heavy fraction is separated from the light frac-
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tion. The light fraction comprises a considerable amount of organic matter that is com-
busted. The heavy fraction is landfilled.
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Figure 3 Development of respiration activities in several selected MBT-plants

2.3 Comparison of “landfill fractions”

Comparison of final materials intended for landfilling reveals the variability between dif-
ferent MBT-plants and between charges of the same plant. Data presented in Figures 4
and 5 (TOC and respiration activities) of the MBT-plants “F” and “O” visualize the differ-
ences. In general process conditions affected material properties more than seasonal
diversity of input materials.
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Figure 4 Variability of TOC in ,landfill fractions*” from two MBT-plants (F-Lf and O-Lf)
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Figure 5 Variability of respiration activity (RA4) in ,Jlandfill fractions® from two MBT-plants
(F-Lf and O-Lf)

In some cases the limit value of respiration activity (7 mg O, g' DM) was exceeded
which led to closer inspection of process operation and process conditions.

2.4 Correlation of conventional parameters - evaluation

Parameters that were determined for all samples (LOI, TOC, TN, RA4, pH, calorific
value) were subjected to a principal component analysis to find out the relation among
each other. The correlation loadings plot indicated a correlation between LOI and respi-
ration activity. The calorific value was closer to the TOC than to the LOI. No correlation
was found between LOI and TN, and all parameters and the pH.

Usually applied sum parameters such as LOIl and TOC provide a rough estimation of a
progressing process. They are less appropriate to compare different processes.

Considerable humification took place if the biogenic fraction was processed with MBT-
waste. Biogenic materials contribute appropriate ingredients and therefore support hu-
mic acid formation. Stabilized MBT-materials feature in general humic acid contents of
10 to 12 % ODM. Humic acid contents of 28 % and 29 % were determined in MBT-
waste “M” and “P” where biogenic waste is not separated. MBT-waste “M” additionally
comprises sewage sludge. This fact confirms the hypothesis that biogenic materials
contribute significantly to humic acid formation.

Determination of parameters such as NH4-N, NO3-N and carboxylic acids that is based
on elution of the solid fresh sample are sensitive in terms of reproducibility. Composition
and texture affect the elution behavior considerably.
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2.5 Process conditions

The progress of the biological stabilization process depends on inherent properties of
the material and process conditions. Material properties can be marginally influenced.
Therefore attention is primarily paid to process conditions that need adaptation to spe-
cific requirements of the treated material in order to effectuate well running processes.
Figure 6 displays data of gas measurements in the heap of two MBT-plants “F” and “G”
(CO2, CH4 and O3). Methane and CO; were still present in aged materials. Oxygen was
missing in most cases.
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Figure 6 Measurement of gas composition in the heap at different stages of the biological

treatment (MBT-plants “F” and “G’)/

In most cases inadequate air and water supply are responsible for retardation of the
biological process and odor nuisance. Clogging of holes in the aeration system often
prevent sufficient aeration. Water deficiency leads to weight saving, which might be
preferable sometimes. However, dryness pretends stability that is disproved by biologi-
cal tests.

2.6 Application of FTIR spectroscopy and thermal analysis

2.6.1 Characterization of MBT-waste by the spectral and thermal pattern

FTIR spectroscopy and thermal analysis provide comprehensive information on waste
materials due to many data points that characterize the material. A principal component
analysis (PCA) based on spectral and thermal data of all samples revealed that MBT-
waste in Austria is not as different that it can be unequivocally assigned to each MBT-
plant. The variety due to different degradation stages is more significant than the variety
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caused by different input mixtures. Nevertheless, specific features influence the position
of samples in the scores plot. Figures 7 a and b show the PCA of (a) spectral and (b)
thermal data (heat flow profiles). Clustering of samples is obvious. Samples ,D“ repre-
sent the material of the typical MBT-plant (municipal solid waste being partly rid of bio-
genic waste). In plant ,M“ municipal solid waste is processed with the biogenic fraction
and sewage sludge. Plant “O” processes the typical MBT-waste, but applies a special
technique as described in section 2.2. Fresh materials are located in the right corner.
Progressing stabilization causes samples to shift to the left side as indicated by the ar-
row. Samples “O” are similar to samples “D” at the beginning. After separation of the
“light” fraction samples are primarily located in the left corner.
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Figure 7 PCA based on (a) spectral and (b) thermal data of three MBT-plants (D, M, O)

2.6.2 Prediction of respiration activity, gas generation sum and calorific values

Multivariate statistical methods are helpful tools to evaluate huge data pools. Partial
least squares regression has been used to develop prediction models of respiration ac-
tivity, gas generation sum and the calorific value. These parameters are reflected by the
infrared spectrum and the heat flow profile respectively. The development of prediction
models is based on this correlation and requires large data pools. Model validation is
performed by independent data sets to guarantee the validity of the model for all defined
MBT-materials. Figure 8 demonstrates the correlation between the heat flow profiles
and the calorific value that is a precondition within the scope of the preparatory work.
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Figure 8

2.6.3 MBT-landfills as carbon sinks

Based on the data obtained the role of landfilled MBT-waste as carbon sink is as-
sessed. For this purpose the determination of TOC is not sufficient. Due to diverse as-
pects of organic matter stability the term needs specification. The thermal behavior of
materials seems to be a reliable indicator of stability. A current research topic focuses
on the definition of “internal” stability that is an inherent property of waste and less de-
pendant on environmental conditions. The correlation between decreasing enthalpy in
the whole system, increasing enthalpy of remaining organic matter and bioavailability
will be elucidated in future projects. Table 1 compiles data of enthalpies referring to dry
matter (DM) and organic dry matter (ODM) of MBT-waste (3 weeks, 12 weeks, 120
weeks), landfilled municipal solid waste (MSW, 30 years) and an agricultural soil.

Table 1 Enthalpies of MBT-materials referring to dry matter (DM) and organic dry matter
(ODM); w = week, y = year
Enthalpy MBT 3 w MBT 12 w MBT 120w | MSW 30y Soil
Jg' (DM) 6,892 4,966 4,333 3,627 3,532
Jg’ (ODM) 14,733 21,286 24,718 33,245 48,920
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3 Conclusion

So far the largest part of the project has been carried out. As shown by principal com-
ponent analysis the composition of municipal solid waste in Austria does not differ con-
siderably, neither by regional nor seasonal factors. Addition of sewage sludge or special
treatment procedures cause a specific pattern that is identified by infrared spectroscopic
and thermal analyses. Difficulties of biological treatment are primarily caused by unfa-
vorable conditions for microbial activity, especially missing air and water supply. There
is a potential of optimization in some cases. The development of adequate analytical
methods that are fast and easy to handle is a crucial target to support process control.
FTIR spectroscopy and thermal analysis are promising tools to achieve this purpose.
They could replace several time consuming and error-prone parameters. The sampling
procedure and sample preparation are still current topics to get reliable results.

It can be assumed that the improvement of separation technologies leads to a more
homogenous organic fraction that is transformed to stable organic matter by biological
processes. Optimization of internal stability is a target to be reached by appropriate
process operation. In association with mineral compounds MBT-landfills will represent
substantial carbon sinks in the future.
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Advances in waste processing and diversion from landfill in
Australia

David Gamble
GHD, Sydney, Australia

Abstract

In Australia, economic growth over recent years has increased waste generation rates
per capita beyond levels that would normally be attributed to population growth. On the
positive side, an increased focus on recycling and waste minimisation by State and Lo-
cal Governments has meant that waste recovery rates have been increasing at a much
greater rate than waste generation rates, reducing the growth rates of waste disposal to
landfill.

Economic instruments such as high waste levies in some states have also made recyc-
ling more attractive and supported the introduction of alternative waste technologies
(AWT), which are seen as providing more sustainable long term disposal arrangements
than landfills. The proposed introduction of a Carbon Pollution Reduction Scheme
(CPRS) that covers methane emissions from landfills has provided increased focus on
non-landfill based solutions.

Alternative waste technologies are expected to be the main focus for improved proces-
sing and resource recovery of municipal wastes in the immediate future. There is scope
to extend this to commercial wastes. In NSW, there are already three AWT facilities in
operation, two more being built and two more planned to be operating by 2010.

This paper discusses current progress in implementing AWT in Australia, and provides
an update of recent projects and factors driving the implementation of new waste tech-
nologies in Australia.

Keywords
Alternative waste technology, AWT, sustainable waste management

1 Waste generation and recovery rates

In Australia, the amount of waste being produced and disposed of per head of popula-
tion has progressively increased every year over the last decade. This has been mainly
the result of a strongly growing economy, and higher standards of living.

1.1 Waste generation rates

High disposable incomes in the capital cities such as Sydney, Melbourne, Brisbane and
Perth have meant higher personal consumption of food and material goods in those cit-
ies. Accordingly, the waste generation rate has risen by approximately 7% per annum,
outstripping population growth during this period, which was of the order of 1.6% per
annum. This is illustrated in Table 1.
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There were significant improvements in levels of waste recovery (13.6% per annum)
over this period. This resulted in the overall level of waste disposal only increasing by
about 3.2% per annum on average between 1999-2000 and 2004-5. The annual growth
in waste generation is expected to have slowed due to the effects of the economic
downturn, although no data is yet available to verify this.

Table 1 - Growth of waste generation and recovery in Australia

1999-2000 2004-2005 Increase (%) Ave annual
increase (%)
Tonnes genera- | 28.4 38.4 35% 7.0%
ted (millions)
Tonnes recove- | 10.5 17.6 68% 13.6%
red (millions)
Tonnes disposed | 17.9 20.7 16% 3.2%
to landfill  (milli-
ons)

Source: WCS, 2008

Over the years, there have been slow improvements in the percentage of waste di-
verted from landfill, although the overall tonnages to landfill have increased. In 1999-
2000, about 28 million tonnes of waste were generated, with 39% of this recovered and
61% disposed of to landfill. In 2002-3, approximately 32 million tonnes of waste was
generated across the country, of which approximately 46% was recovered, and 54%
was landfilled, as shown in Table 2. By 2004-5, more than 38 million tonnes of waste
were being generated in Australia each year, with approximately 48% recovered, and
52% of this disposed of to landfill.

According to the Productivity Commission (2006), the quality of Australian waste man-
agement data has traditionally been quite poor. Each State and Territory collects and
reports data differently, and there are gaps in the coverage of regions, waste streams
and materials. Caution must therefore be used when comparing Australian waste gen-
eration, landfill and recycling rates with those of other countries. There is currently no
national approach to sustainable waste management, as the Federal Government has
traditionally left the management of non-hazardous wastes to the States and Territories.

1.2 Waste strategies

Most States and Territories have some form of waste management and recycling strat-
egy. The New South Wales (NSW) Waste Avoidance and Resource Recovery Strategy
set targets for Councils and businesses, as shown below in Table 3.
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Table 3 - Targets from the NSW Waste Avoidance and Resource Recovery Strategy (2003)

Outcome area Target

Preventing and To hold constant the total waste generated for the next 5 years.
avoiding waste

Increasing recov- | By 2014, to:

ery and use of o ) o
secondary re- Increase recovery and utilisation of materials from the municipal sector

sources from the current 26% to 66%

Increase recovery and utilisation of materials from the commercial & in-
dustrial sector from the current 28% to 63%

Increase recovery and utilisation of materials from the construction &
demolition sector from the current 65% to 76%

Source: DECC (2003)

1.3 Waste levies

To provide additional incentives for diverting materials from landfill and recovering re-
sources, some States have introduced landfill levies, although these levies vary consid-
erably between States. Some of the revenue collected is used to fund government
waste minimisation programs.

A waste levy rate of A$47/tonne applies in the Sydney, Australia’s largest city. (In con-
trast, a waste levy of A$15/tonne applies in Melbourne, Australia’s second largest city).
The State Government of NSW has stated that this levy will increase at a rate of
A$7/tonne each year until it reaches A$57/tonne. Thereafter, annual increases will de-
pend upon inflation.

2  Alternative Waste Technologies

2.1 Development

Mixed waste composting systems (such as Bedminster) were the first types of alterna-
tive waste technologies to be introduced to Australia. However, marketing of mixed
waste derived compost for agricultural applications proved to be difficult, because of
concerns about product contamination.

In 2001, a tunnel composting plant to process separately collected garden waste into
high grade compost products was commissioned by the waste company Rethmann
(now Remondis) at Port Macquarie, on the North Coast of NSW. Later, food waste was
also separately collected, and composted at this plant, with good results. The compost
product from this plant is successfully marketed to residential and commercial custom-
ers.
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This same plant also used its tunnel composting technology to treat the residual waste
from the residential collections, with an intention of producing a refuse-derived fuel
(RDF). However, this initiative was never commercially viable, since there were no ob-
vious customers for the RDF, and the treated residual waste is simply landfilled.

Anaerobic digestion of separately collected commercial food wastes had been under-
taken since approximately 2001, at the Earthpower plant in Western Sydney. However
this plant struggled to attract commercial wastes, due to low costs of landfilling (at the
time) and much of the material that the customers delivered was highly contaminated
with non-organic wastes. The processing costs were therefore quite high, and the plant
did not ever reach design capacity.

The largest AWT facility to be built in Australia to date has been the Global Renewables
plant at Eastern Creek. This is an anaerobic digestion plant with a mixed municipal
waste feedstock. This plant was highly engineered, and very sophisticated, but there
were issues with large quantities of lead acid car batteries received in municipal waste
deliveries. While the plant produces green energy to feed into the electricity grid, the
mixed waste compost it produces has proved difficult to market.

The most recent AWT facility to be commissioned in Australia is the Ecolibrium facility at
the Macarthur Resource Recovery Park in Southwestern Sydney. This uses the Arrow
Bio technology from Israel. Another AWT facility, the SITA Advanced Waste Treatment
(SAWT) facility at Kemps Creek, in Sydney’s west is now being commissioned. The
ArrowBio plant uses anaerobic digestion for organics processing, while the SITA plant
uses mixed waste composting technology to produce a mixed waste compost for reha-
bilitation of the Elizabeth Drive landfill site, where it is located.
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Table 4 - Summary of alternative waste facilities in Australia to 2009
Approximate
AWT Facility operator Location annual Type of tech- | Year N
throughput nology operation
(tonnes)
SITA (formerly Bedmin- | Port Stephens 30.000 MWC 1999
ster) (NSW) ’
Atlas Stirling (WA) 100,000 MWC 2000
Earthpower Camellia (NSW) 80,000 AD 2001
. Port Macquarie SOC/MWC 2001
Remondis (NSW) 30,000
Stl;? (formerly Bedmin- Cairns (Qld) 50.000 MWC 2003
Global Renewables I(Er\?;:/(\a/;n Creek | 180,000 ADIMWC 2004
SMRC (formerly Bed- Canning Vale (WA) | 120,000 MWC 2004
minster)
WSN Macarthur (NSW) | 90,000 AD/SOC 2008
: . Coffs Harbour SOC/other 2008
BioMass Solutions (NSW) 40,000
Kemps Creek MWC 2009
SITA (SAWT) (NSW) 120,000
Conporec Mindarie (WA) 100,000 MWC 2009
Anaeco Shenton Park (WA) | 30,000 AD 2009
TOTAL 970,000

AD = anaerobic digestion, MWC = mixed waste composting, SOC = organics composting

It is widely believed that the NSW Waste levy has provided a significant driver for wider
adoption of alternative waste technologies in Sydney, as there are more AWT plants
operating in the Sydney area than in any other capital city. (There are no plants in Mel-
bourne where landfilling prices have been very low and the waste levy is only
A$15/tonne).

Recently, the gate fees for Sydney’s major putrescible waste landfill sites reached a
level of A$150/tonne for the first time (including A$47/tonne levy). This makes the
treatment of waste (estimated cost A$100-$140/tonne) much more cost effective than
landfilling of mixed waste, which should result in an increased number of new AWT
plants built in Sydney over the next few years.

However it is clear from current data that there are unlikely to be enough AWT facilities
commissioned and operating in NSW before 2014 for the NSW Waste Strategy targets
for municipal waste (refer Table 3) to be achieved. Also there are insufficient economic
drivers to force commercial wastes to be diverted to AWT facilities, so it is unlikely that
the commercial waste targets will be met either.

Even in Sydney, where landfill charges are the highest in the country, the cost of waste
disposal for businesses is still relatively low compared with other more significant oper-
ating costs, such as labour and rent.
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Private consortiums and existing waste companies responding to tenders from Local
Government have built most of the AWT plants in Australia to date. Generally Councils
have entered into contracts with these service providers for periods ranging from 10-20
years. The contracts are for financing, construction and operation of the AWT facility,
with the Council (s) agreeing to direct all municipal waste that they or their contractors
collect from residential areas to the plant for this contract period, and often to pay an
availability fee to cover the financing costs of the plant, plus an agreed rate per tonne of
waste received. In some cases, Councils have also provided the land and environ-
mental approvals for the successful tenderers.

There are no AWT facilities currently operating in other capital cities, such as Brisbane
and Melbourne. However, the Victorian State Government is currently examining the
best way of introducing AWT into Melbourne, through its Victorian Advanced Resource
Recovery Initiative (VAARI) scheme. This may eventually result in State Government
assistance or incentives for establishing three such plants in the Melbourne metropoli-
tan area within the next 5-10 years.

2.2 Other drivers for reducing waste to landfill

One of the most significant drivers for encouraging AWT processing of municipal and
commercial wastes in Australia will be the proposed introduction of the Federal Gov-
ernment’s Carbon Pollution Reduction Scheme (CPRS). From July 2010, the introduc-
tion of the CPRS will mean that there will be a price placed on carbon dioxide and five
other greenhouse gas emissions including methane.

This is the first time in the world that waste has been included in an emissions trading
scheme. The European system does not include waste, however in Europe there are
other drivers that are not in place in Australia, such as the European Landfill Directives,
that reduce the amount of untreated waste going to landfill.

The cost of carbon pollution permits is projected to be around $23 per tonne in 2010/11
when the CPRS is due to commence. An emissions price cap will be set at $40 per
tonne in 2010/11 and will rise by 5 per cent above CPI each year for the first five years
thereafter. The scheme is designed to link with international markets and other trading
schemes that generate Kyoto compliance permits. Liable parties will not be subject to
any quantitative limitations on the number of Kyoto compliant permits that they use.

Specific implications of the CPRS for waste sector operators include direct liability for
fugitive emissions and therefore a requirement to purchase and acquit permits. Waste
operators may also have a direct liability for fugitive emissions.
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Features of the scheme that affect waste facilities include:

e Landfill facilities that emit 25,000 tonnes CO2-e a year or more will be required to
purchase and acquit permits for each tonne of CO2-e emitted;

e A participation threshold of 10,000 tonnes CO2-e or more will apply to landfill fa-
cilities that are operating in proximity to another operating landfill (criteria to be
determined);

¢ Emissions from landfill sites closed prior to 30 June 2008 will not be covered;

e Liability for emissions from past waste streams (legacy waste) will be excluded
from the Scheme until 2018;

e Legacy emissions will need to be reported and counted towards a facilities’
Scheme participation threshold; and

e Methane that is captured will be allocated proportionally between legacy and new
emissions.

The introduction of the CPRS will increase the cost of operating landfill facilities, by an
estimated A$5 -A$15/tonne, depending upon the throughput and whether the sites have
existing landfill gas management systems. This cost increase is not significant in Syd-
ney, where a landfill levy of A$47/tonne already applies, and overall gate fees are ap-
proximately A$150/tonne.

However, in many rural areas where landfill gate fees are still relatively low ($30-
$50/tonne), the CPRS liability could have a dramatic impact on the costs of operating
waste management systems. This may encourage greater source separation of wastes,
and adoption of lower cost AWT systems such as food and garden waste enclosed
composting.

2.3 The Future of AWT in Australia

Despite AWT facilities becoming more common in Australia, there is still a high degree
of scepticism about the claims made by many technology providers about the perform-
ance of AWT facilities generally. The technical and commercial failure of technically
complex plants such as the SWERF gasification plant in Wollongong has created a lack
of trust in AWT facilities. Even plants using relatively mature technologies such as the
Bedminster process have had technical issues. Local Councils are conservative by na-
ture and therefore wary of new technologies of any type.

Therefore they are inclined to select technologies that are either well proven in Austra-
lia, or overseas. Any technology provider seeking to market waste technologies in Aus-
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tralia must be aware of this. However, there is a general lack of awareness in Australia
of more than the handful of technologies that are currently used in this country. There
are opportunities for European technology providers with a strong track record of many
years of successful operations in Germany or other countries with a large number of
operating facilities to enter the Australian market, especially if they partner with a local
waste company.

Due to issues faced by plant operators who are trying to market mixed waste compost,
the likely future trend is towards energy production, rather than composting technolo-
gies. Therefore there are likely to be more anaerobic digestion plants built to serve the
major cities. In regional centres, it is more likely that food and garden waste composting
plants will be adopted, because of their simplicity and lower costs, and reliable local
markets for high grade agricultural compost.

As mentioned previously, there have been difficulties in directing commercial wastes to
AWT facilities without laws in place to make this happen, and this is a big challenge in
trying to meet State waste strategy targets. One possible solution that has been can-
vassed is for operators of municipal waste facilities to “top up” their plant throughputs,
with commercial waste. Some facility agreements with Councils already allow this, with
Councils receiving royalties or a share of the profit associated with commercial custom-
ers using their facilities. Businesses with corporate sustainability objectives are inter-
ested in diverting a high percentage of their waste from landfill, and maximising their
recycling achievements, so there are a number of potential customers in the market.

In Europe, a large number of the waste processing plants produce refuse derived fuels
(RDF) from waste, for energy production. None of the current AWT plants in Australia
do this. There are commercial reasons, such as lack of markets for the material and
lack of purpose built facilities for these fuels.

It should be mentioned that there is considerable reluctance to build and operate any
type of thermal waste treatment plant in Australia. There are concerns that dioxins and
other pollutants could increase health risks to surrounding populations. Hence siting of
such a facility would be problematic. Hence it seems most likely that co-firing of RDF in
cement kilns and power stations on a small scale will be the main application for RDF
from waste facilities in future.

3 Summary

This paper has examined the current progress, drivers and possible trends in alternative
waste technologies in Australia. Whilst there are many AWT plants being built, it is likely
that rate of completion of new facilities will be slower than required to meet State waste
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strategy targets, and that commercial wastes will continue to be difficult to attract to

these facilities.
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Abstract

In the Russian situation of forming the market relations the urgent problem concerning
the waste treatment can be resolved for the expense of guiding the development of
process of the wastage capitalization and consumption. The resolve of this problem im-
plies the introduction of the market infrastructure elements into the sphere of waste
treatment on a territorial level subject to principles of the governmental environmental
protection policy, the strategy of socio-economic development and territorial and geo-
graphical features of a region'.

Keywords

The wastage, the waste capitalization, the regional government, a market of secondary
resources, the business-infrastructure, the geo-informational system (GIS), the ecologi-
cal management.

Over last years of reforms following the economical growth and rise of the population’s
incomes the situation in the sphere of wastage treatment has become more acute be-
cause of an increase of waste’ sizes and their accumulation. The precedents to resolve
of the waste problems in market conditions have become possible through the waste
capitalization process without the legal provision. The waste containing valuable com-
ponents in the form of chemical elements and substances obtained the real cost and
changed into claiming commodity resource. In fact the competition in the sphere of
waste treatment in regions has developed according to rules of a spontaneous market
on the basis of “the fast money” principle.

Activity in the sphere of waste treatment have become attractive for commercial and
municipal structures because of inexhaustible secondary resources, their specific vari-
ety and guaranteed financial provision. The nomenclature of the waste taking place at
enterprises of Russia includes more that 200 denominations appointed by the Federal
Classification Catalogue of Waste (2002). However sizes of collected and reprocessed
secondary resources in Russian Federation are small. The market of macklepaper is

" In this working the totality of wastage and consumption are analyzed as a secondary material resources
suitable for further usage (capitalization).
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opened up on 30%, the cullet market — on 15-20%, the aluminum package — on 5-10%,
the polymeric package — on 5%.

The man-caused resources represent the unused reserve material base that is a source
for ecological ill-being at a territory. As a whole these resources are not estimated, cal-
culated and managed by regional and municipal levels of government. The situation is
conditioned by imperfection of Russian legislation and its normative-legal base, long-
term reorganization of governmental services on the environmental protection and the
ecology. On the other hand this situation is conditioned by insufficient competence,
sluggishness and poor understanding of the reforms in socio-economic life for a part of
many State and municipal employees.

The verge between terms “waste” and “the secondary resources” is relative. It changed
depending on a level of technique-economic potential of a society, the economic expe-
diency and technological opportunities in the treatment and usage of the waste. Taking
into consideration a rate of influence of governmental structures to the economy and a
rate of technological development, the verge “waste” — “secondary resources” are de-
fined by proprieties that a society has in the person of legislative and executive power
bodies.

In modern Russia the qualitative change of functions at regional and municipal levels
(dependent on territories) occurs. Step-by-step an attention is concentrated on the re-
sources’ capitalization at a territory that is on an increase of the capitalization’s assets
cost. Actions are concentrated not only on the steady raising of the rate of production
plant when functions of economically free subject have been changed but also on the
creation of conditions for opening the personal initiative and attracting the market
mechanisms to opening up the waste treatment and consumption.

Republic of Karelia as an independent subject of Russian Federation has preconditions
to the socio-economic development such as advantageous geographical and geopoliti-
cal location, an essential natural- resources potential, an industrial orientation in the
structure of the Karelian Republic’s economy, the dynamical development of priority-
driven natural-exploited branches and accompanied productions, a developing transport
infrastructure, an experience in the international activity realization (a statistics, the Cus-
toms, banks, etc.), high-skilled workers presence, a favourable ecological environment.
At the same time Republic of Karelia has problems in the sphere of an intensive in-
crease of waste’s sizes, a necessity to organization of infrastructure for the economic
activities associated with keeping, collecting, neutralization, transportation, allocation
and treatment of waste of all five ranks of danger.

A rise of the business activity in the Karelian Republic is accompanied by a process of
an intensive waste formation. For example a size of shipped production has increased
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in 2007 in comparison to 2004 in 1,8 times whereas a growth of a waste’s formation
was 1,6 times (from 70026,775 thousand of tons in 2004 to 106379,220 thousand of
tons in 2007). The negative trend is confirmed by an increase of the waste’s size on one
Ruble in the Gross Regional Product — since 4,9 kg of the waste in 2004 to 6,4 kg in
2007. In addition a specific stability of factory waste remains. The modern technologies
in budgetary and municipal enterprises specializing on use and skin-deep treatment of
local natural resources are slowly introduced. A growth of the waste’s size at enter-
prises of the key natural-exploited branches of Republic is conditioned by an external
economic activity characterizing by a structural unbalanced correlation between streams
of goods and services. In 2004 the export size exceeded the import one to 4,3 times.
The export structure in Republic consisted in most cases from raw materials and pro-
duction with low level of recycling. The import of the Republic in 2004 was characterized
a number 19% in foreign trade turnover; the machine-building production was character-
ized by a number 61% in the goods structure. Until 2008th year the situation hasn’t
changed significantly.

According to statistical data for the last three years, there is more than 100 millions tons
of waste generated by enterprises of the Karelian Republic annually. In 2007 there were
740 enterprises at the territory of Karelia (Table 1).

Table 1 The dynamics of the waste’s formation and consumption in the Karelian Republic
for the period since 2004 to 2007 years, thousand of tons

Ranks A size of the waste’s formation

of danger 2004 2005 2006 2007
The rank 1 0,071 0,041 0,051 0,039
The rank 2 0,236 0,178 0,136 0,091
The rank 3 39,49 28,912 25,183 19,099
The rank 4 554,096 573,061 2014,161 693,553
The rank 5 69432,883 100916,498 99689,118 105666,437
Sum total 70026,775 101518,690 101728,648 106379,220

There are such extremely dangerous wastes as worked-out quicksilver-containing
lamps and apparatuses, condensers with trichlorobenzene, transformer oil leavings con-
taining polychloride diphenyls in the group of “the 1 rank”. Almost 90% of the 1st rank’s
wastes are removed to Saint-Petersburg and Scherepovetc with the aim for reprocess-
ing because there are no special plants on treatment of quicksilver-containing waste in
the Republic.
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The high dangerous waste of the 2nd rank is characterized as worked-out accumulator
acid and alkali, accumulators with electrolyte. Generating waste of the given rank of
danger (almost 95%) as a usual are used again (as well as the secondary raw materials
in the form of non-ferrous metals) or are neutralized by means of a neutralization of
electrolyte.

A medium dangerous waste of the 3rd rank is characterized as worked-out railroad
sleepers, oils, emulsions and petroleum product mixtures, contaminated mazut and firm
soil, bird’s dung. These wastes (a size to 75%) are neutralized and used again. There is
a strong tendency to bury a medium dangerous waste in a size 9% from the overall
mass of annual formation.

A less-dangerous waste of the 4th rank is characterized as a mineral waste forming in
the process of extraction and reprocessing of the non-metallic minerals, the rind waste,
and domestic waste form an enterprise’s activity. Aimost 98% from the rind is used as
fuel resources for heat-recovery boiler pulp and paper plants in the Republic. A level of
a less-dangerous waste’s use rises for the expense of extension of stone-working waste
sizes.

The non-dangerous waste of the 5th rank consist a bigger part from the overall volume
of waste in the Karelian Republic (to 99%). For the most part there are such non-
dangerous waste as the mining’s waste and the ore minerals reprocessing waste at en-
terprises of the mining production — 98%. In this case use of waste consists only 6%.
These wastes are used for a quarry’s covering, a dam'’s quarry, roads’ ballasting and
the building materials’ production. The main mass of waste (95%), the stripping rock
and the concentration tails, is located into a dumpnation and tails-storage. There are
more than 1100 millions of tons in the depths. The main problem for nature-exploiting
enterprises is a rise of level and an economic effectiveness from the complex use of
multi-component raw minerals. The waste from the mining branches are characterized
as large-capacity ones. This circumstance leads to a situation when large territories of
land resources are allotted for organization of firing ranges, dumpnations and storages
for the deposition and the burial of the waste. Following enterprises are classified as
large pollutants: public corporations — “Karelsky okatysh”, “Kondopoga”, “Segezhsky
CBK”, "CZ Pitkyaranta”, “LFK Bumeks”, “NAZ-SUAL” and the private corporation
“Petrozavodskmash”.

The waste forming it the sphere of housing and communal services are characterized
by the waste form the mechanical and biological cleaning of sewage (to 50%) and solid
domestic waste (to 50%). Only 3% of the waste form the mechanical and biological
cleaning of sewage is used. Other wastes are allocated on dumps of solid domestic
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waste (to 60%) or are kept on the sit areas (more than 100 thousand of tons are accu-
mulated).

Almost all volume of the solid domestic waste from industrial enterprises and population
are buried on the waste allocation objects sited at territories of municipal formations in
the Republic (130 dumps, 1 firing range — 380 hectares). Having being a factor of the
environment pollution, dumps of the solid domestic waste contain valuable components:
the mackle-paper, the polymeric materials, the ferrous and non-ferrous metals, and the
glass. During the process of warehousing these materials are lost for the further use as
the resources.

The waste allocation objects’ screening allowing to estimate availability and opportunity
for utilization of the waste as a secondary resource hasn’t been carried out. The system
of collection and allocation of the solid domestic waste and some kinds of industrial
waste existing in municipal formations requires a cardinal reconstruction.

The pollution of the Karelia’s territory by the waste of all ranks of danger has a strongly
pronounced local character. In general the waste accumulation occurs on the waste
allocation objects: at enterprises of Kostomuksha, the Kondopoga district, Petro-
zavodsk, Segezha, Pitkyaranta and Sortavala, as well as on dumps of the solid domes-
tic waste within the bounds of functional zones of settlements.

The Department on the Technological and Ecological Control in Republic of Karelia
functioning as a subdivision of the Federal Service on the Ecological, Technological and
Atomic Control in Russia carries out a control in the sphere of regulation of permissible
influence on the environment at a territory of Republic. The Department determines the
administrative regulations defining a procedure, rules of the licenses for the waste allo-
cation, the methodical rules on the standards elaboration, a procedure of the work or-
ganization on the dangerous waste certification.

One of the main conditions for getting a license is a leaving of a copy of a license on the
activity for collection, usage, neutralization, transportation and allocation of the danger-
ous waste.

In the Karelian Republic 490 nature-consumers have the license for the waste alloca-
tion. A limit for allocation is defined as 108821,535 thousand of tons. At the same time
25 specialized organizations and enterprises (private corporations “Interkamen”, “Nord
Inter House”, the public corporation “EckoLint”) carry out a collection, utilization and re-
processing of such waste as a plastic, a mackle-paper, a polymeric waste, a scrap
metal, auto bodies, exhaust accumulators, a rubber waste, a quicksilver-containing
waste at a territory of Karelia.
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Reprocessing a waste having features of a specific rank of danger is specified by the
maintenance of requirements on the ecological safety. As a result an entrepreneurial
aim is defined by not only a maximization of profits. A growth of a profits’ rate in firms
specializing in the sphere of the waste circulation depends on a rate of satisfaction of
the consumers’ needs and the users, a public responsibility and formed image, the
technical effectiveness and rate of labour productivity, use of innovations in the secon-
dary resources’ reprocessing. Nevertheless an entrepreneurial aim is achieved for the
expense of the business adaptation to the environment. In this case an essential rate of
risk (from the positions of market demand and supply, he price determination) can be
eliminated by the regional power bodies potentially interested in the waste capitalization
and consumption. An advantage for the regional power bodies is essential because the
inexhaustible resources are involved into the production and the ecological statement of
the environment is improved, the employment of the population also increased.

According to the legislative norms, the costs on the waste allocation and consumption in
within the bounds of the fixed limits are related to the cost price of the products com-
modities. The cost price is defined according to permissible standards of the waste for-
mation, technical indicators and the limits of allocation according to a rank of danger. If
an exceeding of established norms and limits occurs, enterprises make payments from
the available profits. As a result the principle “a pollutant pays” is realized. Payments
must execute a stimulating function and must orient enterprises to implementation and
organization of closed cycles of production, to the recycling of the industrial wastes.
However at the modern stage of socio-economic development the given economic in-
strument doesn’t stimulate a secondary use of the waste.

Based on the analysis and prognosis of situation in the sphere of the waste reprocess-
ing and consumption, the forming system of the institutional management in the sphere
of nature-usage in the Karelian Republic and overall tendencies in the socio-economic
market development, the effective method allowing resolving the problem «the waste»
is development of the waste capitalization process. The capitalization is a process of the
waste transformation into the required material resources for the expense of creation of
conditions for the business sphere. In this case it is possible to organize the waste
commercialization in the form of transfer of some transaction costs form the business
sphere to the regional administrations’ competence. The market is conditioned by the
demand and supply for goods and services. On a level of a region, it is necessary to
form supply and demand on the basis of guiding the economic agents’ behavior through
a change of their motivation to usage of the waste. This guiding is possible on the basis
of principles of economic interest, industrial and territorial cooperation, the market infra-
structure development and institutional frames in municipal and regional government.
The given position allow to “transfer” the waste from the category of factors having
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negative influence upon natural and social capital of a territory into the factors contribut-
ing a growth and development of the secondary resources’ market in a region. Thus the
waste capitalization is analyzed as a process of the waste transformation to the real
actives. The capital in the form of material resources is used for an innovative activity.
As a result the waste in the form of an economic loss is transformed into the secondary
resources realized for a new production creation in the future.

A mechanism of the waste capitalization on a regional level is analyzed as a process
anticipating a realization of complex of arrangements in the two-level system (the re-
gional level and level of independent economic subjects). The given arrangements allow
involving the waste into the market turnover. The given mechanism is based on a use of
methods, tools and the impact controls to the process of the secondary resources mar-
ket development and brining in innovations to this sphere of activity.

A preparation of the waste to the realization is carried out on a micro level. The condi-
tions to the maximum profitable realization of the waste are created on a meso level for
the expense of the regional business-infrastructure development.

A basis for the waste involving into the exchange process is the geo-informational sys-
tem (GIS) “The Waste” that is an innovative instrument of regional government by the
waste capitalization process development.

The GIS is oriented to the complex and systematic monitoring of the process in the
sphere of the waste recycling and activity occurring on a level of a region, municipal
formations and other subjects of the North-West Federal District for informing interested
users of GIS. GIS will provide the automatized registration of data on the waste forma-
tion on a regional level and the registration of all components of the regional list of the
waste, the regional list of the waste allocation objects, and the data bank of the waste,
the bank of technologies in use and neutralization of the waste.

The GIS having integrated with existing data bases and systems of production control
will be able to give out an analytical information concerning formation, accumulation and
allocation of the waste on the basis of a cartographical material of municipal formations
of Karelia subject to transport schemes of Karelia and information concerning an esti-
mation of a pollution rate at territories.

The GIS will also allow to use an information according to lists of the waste with ad-
dress-geographical fixation, to resolve logistic problems (a search and analysis of opti-
mal routes for transport movements of the waste, to execute analysis of spatial distribu-
tion of industrial dumps and firing areas in a region, to define sanitary-protective zone in
territories and zones of responsibility of dependent organizations. The given scheme will
become an instrument of regional and municipal government in process of recycling and
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capitalization of the waste on the basis of expert-analytical estimation concerning the
sanitary-ecological situation in the Republic. The GIS will provide an opportunity to have
analytical information for an effective realization of business tasks. First of all this sys-
tem will be interested for users carrying out the main and additional activity at various
stages of the waste recycling.

The mechanism of the waste capitalization includes arrangements associated with the
business development in the sphere of the waste recycling and realization of production
received from the secondary resources; with preferences in the form of non-repayable
services on a search of investors, potential consumers and pre-investment planning;
with organization and development of territorial co-operation on the waste recycling and
reutilization; with creation of the republican portal as an electronic exchange of the
waste transfer in the Internet.

As enlarged form it is possible to embody the waste capitalization process in the form of
the algorithm (Figure 1).

The main elements of the algorithm are arrangements contributing the waste market
development in the Republic.

The system of the waste recycling at a territory defining a behavior of the waste’s own-
ers is formed during the process of the algorithm’s realization. On level economic sub-
jects an obligatory preliminary ecological analysis with the aim of the waste certification
and an enterprise’s waste eco-balance (organization of calculation and control in the
sphere of waste’s formation) is carried out. Real standards of the waste’s formation and
limits concerning their allocation (a control of the waste’s recycling) are elaborated. Si-
multaneously the elaboration of project of the waste recycling and a training of a stuff
working with the waste are executed. An enterprise has got a license on the given type
of activity and disposes of the waste according to a commercial expediency.
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Figure 1 The algorithm of the industrial waste capitalization and consumption in a region

The monitoring of the industrial waste’s recycling, the eco-controlling of industrial proc-
esses and further activity concerning the waste, an internal ecological audit of the waste
stimulate an enterprise to decrease a production costs. The proposed system of ar-
rangements contributes an application of principles of “the clean production” and im-
plementation of the ecological management system at an enterprise. A subject of eco-
nomical activity having effectively solved problems with the waste and having gotten an
international certification, has strengthened his competitive advantages at international
markets and has become an active participator at a regional market of the waste as a

Secondary resources.

For realization of the conceptual regulations on the secondary resources market devel-
opment “the instruments” of regional management in the sphere of the waste recycling
have been systematized on a level of subjects of an economic activity in the Republic

(Table 2).
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Table 2 The classification of instruments of the waste recycling regulation
on a level of subjects of economic activity in a region
Administrative Economic
Legal Control Legal Control Legal
The law | The inventari-
) The monitoring Grants Taxes
rules zation
The ecological registra- .
) Deferred interest rate
- Eco-balance tion — Ne2-TP (the , Payments
on investments
waste); Ne18-KS; Ne4-OS
Eco-effectiveness or Subsidies, subven- .
Eco-standards , , Penalties
MIPS-analysis tions
Eco-licencing Education In payment Compensation

Ecological certification

Eco-advertisement

Low-interest loan

L Speeded up amortiza-
Plans - Prognostication ] -
tion
Eco-audition GIS-technologies Leasing -
Information-program Insurance of ecologi-
package cal and other risks
Eco-marking Out-sorting -
- Eco-controlling Tax priviledges -
- Ecological control Franchising -

Use of the given methods on a regional level implies not only adaptation of flexible pol-
icy in agreement of economic subjects’ activity but also appropriate financing.

The main instrument of management by the process of the secondary resources market
development is the Republican Specific Program “The Waste”. The preferable variant to
resolve of the territorial problem “the waste” is suggested in the context of the strategic
conception of socio-economic development of the Karelian Repubilic till 2020th year.

The specific programming has an indicative character. At the same time the methodo-
logical base allow to use the whole set of supposed methods defining a complexity of
the specific program. This complexity is realized through a synergetic effect of the pro-
gram’s execution effectiveness.

The elaborated scheme of functioning of the Republican Program “The Waste” gives an
opportunity to carry out the monitoring on the program’s execution, to estimate an effec-
tiveness of the program’s arrangements realization for achievement of a strategic aim,
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to make a correction of arrangements, to estimate a work of regional and municipal
management of the program.

Thus there are both objective and subjective preconditions for the development of the
secondary resources market at a regional level in Russian Federation. Realization of
these preconditions in many ways is predetermined by creation of a market infrastruc-
ture in the sphere of the industrial waste recycling and consumption. National and mu-
nicipal power bodies play a defining role in the guiding the process of the waste capitali-
zation. Use of elaborated methodological recommendations on the secondary resources
market development in the Republic on the basis of the program method with the use of
modern instrumentation will partly allow resolving socio-economic, ecological problems,
to perfect the institutional structure in a region, to contribute development of the small
business sector and upbringing of citizens.

Literature

A National Report on the 2008 The Ministry for the Rural, the Fish Industry and

Environment Statement in Ecology in the Karelian Republic. — Petrozavodsk,
the Karelian Republic Karelia, ISBN 978-5-75445-1571-0

(2007)

Kodolova T. 2006 A Project Approach as an Instrument of the Strat-

egy’s Realization of the Regional Ecological-
Resources Specific Programs / The Economics of
the North-West Russia: the Problems and the Devel-
opment Perspectives, Ne 4 (30), Saint-Petersburg,
2006. P. 98-105.

Kodolova T., Polin A. 2007 GIS and the Internet-Technologies — Elements of
Innovations in Guiding the Waste Capitalization
Process in a Region / The Ecology of the Industrial
Production: The Interbranch Scientific and Practical
Journal / FGUP “VIMI”, Moscow, Volume 2. P. 6-14.

Author’s address

Dr. Tatjana Kodolova

The Institute of Economics

A. Nevsky prospect, 50
185030 Petrozavodsk, Russia
Telefon +7 8142 57 22 10

E-Mai| kodolova@mail.ru
Website: http://economy.krc.karelia.ru/

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



From waste to resource management 95

From waste to resource management
Do we still need incineration?

Matthias Kuehle-Weidemeier, Jeannine Joffre

Wasteconsult International

Abstract

With regard to the shortage and price increase of resources it is important to break new
ground in waste management to support sustainable methods of waste treatment in the
future.

The following article gives an overview of the availability and the use of raw materials
(fossil fuels, metallic and non-metallic) in some important countries in the world. Also, it
is shown how CO»-emissions can be reduced by recycling and valuable resources can
be saved for future generations.

Today’s methods of waste treatment (mechanical-biological-treatment or waste incin-
eration) are evaluated concerning their feasibility for sustainable waste management.

Finally recommendations on how to reach a sustainable waste management are pre-
sented.

Keywords
waste management, resources, raw materials, waste treatment, MBT, incineration

1 Introduction

The approaching exhaustion of many raw materials and expanding demand for re-
sources due to fast growth of word population and increasing prosperity in many devel-
oping countries are a challenge for the world economy and will become a driving factor
for enhanced waste treatment / material recovery technology. Quantity and quality of
recovered resources from residual waste depend on the kind of waste treatment. Me-
chanical-biological treatment (MBT) and incineration are the dominant treatment tech-
nologies for residual waste and have to prove their feasibility for sustainable waste and
resource management.
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2 Population growth, consumption of raw materials and
available resources

2.1 Population development and consumption of raw materials

The world population will grow from 6.7 billons now (data 2007) to round about 9.1 billon
in 2050 (UN, 2009). That corresponds to an average anual growth of 56 millons.
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Figure 1: Different scenarios of world population growth (data source: UN, 2009)

The German Foundation for World Population (DSW) reports on their web site a current
world population growth of about 81 million people per year. This is nearly as much as
the total number of Germany’s inhabitants.

Developing and emerging countries show the highest rates of population growth but
there are huge differences between the countries. Figure 2 shows the prediction (me-
dium variant) for China and India compared to Germany. Due to their high number of
inhabitants and high economic growth, China and India have a high relevance for the
topics discussed in this paper.
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Figure 2: Population development in India, China and Germany, med. variant (data: UN, 2009)

Figure 3 presents the per capita consumption of selected and all resources in different
countries. The total includes Biomass. China is already going to approach the average
per capita consumption of fossil fuels of the European Union.
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Figure 3: Per capita consumption of resources in different countries (data source: SERI, 2009)
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2.2 Important definitions on material reach

For a proper description of the reach of materials (remaining time of availability), some
terms need to be defined to avoid misunderstandings due to a different use of these
terms in colloquial language. Definitions are according to BARTHEL (1999). These defini-
tions are applied in chapter 2.3 and Fehler! Verweisquelle konnte nicht gefunden
werden. of this article.

Reserve: Those known raw material sources (e.g. ore) that can be economically pro-
duced under current market price conditions.

Resource: Proven (natural) material sources were production effort is too high for an
economical material production. When the market price increases or cheaper produc-
tion technologies are developed, resources can become reserves.

Static reach: Time that reserves last (reach of reserves) at a constant production rate

Reach data in chapter 2.3 and Fehler! Verweisquelle konnte nicht gefunden wer-
den. is based on a constant production rate. An increase of the production rate would
shorten the reach.

2.3 Reach of fossil fuels and Uranium

The reach of the non renewable energy resources is important to consider in long term
waste management concepts as it will influence the value of refuse derived fuels (RDF)
and recovered plastics because oil is the basic raw material for plastics. Oil reserves
just last 42 years even under constant production.
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Figure 4: Reach of energy raw materials (data source: BGR 2007)

2.4 Reach of metals and minerals

The reach of metallic and mineral raw materials is not as present as fossil fuels in the
public discussion although the reach of many of those irreplaceable materials is even
shorter than the reach of oil.

Besides materials that are used for the production of goods, the reach of Phosphate,
that is essential for the industrial agriculture and hence for the alimentation of the rapidly
growing earth population is only 122 years (BARDT 2008).

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



100 From waste to resource management

Titanium*
Iron
Molybdenum
Nickel
Wolfram
Copper
Tantalum
Zinc*
Stannous*
Lead*®
Gold*

Silver*

0 20 40 60 80 100 120 140 160

Years

* high recyclability

Figure 5: Reach of metallic reserves (DATA SOURCE: BARDT 2008)

The institute of German economy (Institut fur Wirtschaft, IW) in Cologne (Kd&In) pub-
lished a raw material supply risk list of materials that have a reach of less than 30 years.
In spite of their short reach, gold, silver, zinc, stannous and lead do not appear in this
list because of their high recyclability. The supply with chrome, molybdenum, colum-
bium (niobium) and metals from the platinum group is classified as very critical in the
list. This considers not just the reach but also the situation, that the supply with those
metals depends on only 3 countries and 3 companies (BARDT, 2008).

The situation in metal supply is reflected by price development for metallic raw materials
that increased by 235% from 2005 to 2008. The price increase of iron ore and steel
scrap was even 385% (BARDT 2008). The current massive price drop can be assumed
as a temporary event.

2.5 Price development of secondary raw materials

The prices of plastic reclaim (re-granulate) increased significantly in the last years too.
With the beginning economical crisis in the second term of 2008 massively declined.
This endangers the recycling industry seriously.
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Figure 6: Prices (Euro) for plastic reclaim and crude oil [Rohél] (kiweb, 2009)

The situation of trading prices for used paper is similar:
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Figure 7: Prices of 2 used paper qualities (data: numerous issues of EUWID Recycling und Ent-
sorgung)
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2.6 Reduction of CO,- emissions by recycling

Recycling is important for climate protection too. By order of INTERSEROH, a German
recycling company, Fraunhofer-Institute UMSICHT compared CO»-emissions caused by
the production of primary and secondary materials.
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Figure 8: COz-emissions by primary and secondary material production and avoided emissions
by recycling (data: Interseroh, Umsicht, 2008)

Figure 8 shows that recycling saves an enormous amount of CO2 emissions and thus
energy. For example, copper recycling saves 36%, steel recycling 56%, PE recycling
70%, PET recycling 85% and aluminium recycling even 95% compared to primary ma-
terial production.

The calculated emissions of the recycling process consider collection, transport and the
recycling process itself. Considered transport distances to the recycling facilities are
based on the true situation. In case of PET this is the transport to south east Asia. It has
to be mentioned, that plastics, paper and wood are only feasible for a small number of
recycling cycles. Paper fibres can be re-used 5 - 7 times.
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3  Feasibility of waste treatment technologies for the requi-
rements of sustainable waste management

3.1 Treatment of residual waste in Germany

Landfilling of non inert waste is not permitted in Germany. Packages and native organic
waste are separately collected and recycled. The remaining residual waste is treated by
incineration (about 80%) and about 20% mass-% by mechanical-biological treatment
(KUHLE-WEIDEMEIER, 2005).

3.2 Thermal waste treatment (incineration)

3.2.1 ,Classic“ incineration of residual waste

Conventional waste incinerators are an approved and very reliable technology for waste
treatment. If they are combined with a state of the art exhaust gas treatment system,
there is not much reason to be concerned about their toxic emissions.

Depending on it’s quality (leaching test) incinerator bottom ash is used as construction
material (mainly for roads) or landfilled. The long term behaviour of incinerator bottom
ash is subject of a controversial discussion. The main concern is that possibly a real
long term stability (immobilisation of heavy metals) is possibly not given. That is why
some opponents call roads constructed with incinerator bottom ash “line landfills”.

A part of the exhaust gas cleaning residues is highly toxic and gets stored in subsurface
hazardous waste landfills.

Ferrous metals are removed from incinerator residues by magnetic separation. These
metals are heavily oxidised. Non-ferrous metals are inrecoverably lost in the bottom
ash.

Another product of incineration is energy. That is why incinerators are sometimes called
waste to energy plants (sounds nicer). Municipal solid waste [MSW] (with or without
source separated collection) has many components with a low calorific value like water
(humidity) soil and much more. Hence, the yield of energy is low. Some incinerators are
badly located in areas without demand for the produced heat. In some countries the
calorific value of the waste is so low that oil is needed to support the combustion proc-
ess. In this case, waste to energy converts to energy to waste.
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3.2.2 Co-generation plants for refuse derived fuel (RDF)

Co-generation pants that are operated with (pre-treated) high calorific waste (RDF) are
real power stations that can be truly called waste to energy plants. They are usually
connected to industrial plants that allow using the produced heat (steam) and the elec-
tricity too.

3.2.3 Evaluation and future relevance for sustainable waste management

Concerning the conservation of resources, waste incinerators are energy and resource
destruction plants. Table 1 reveals how much energy is lost if only the energy repre-
sented by the calorific value is recovered.

Table 1: Calorific value and energy equivalent (cal. value + energy effort for production) of some
plastic materials (Reimann 1988)

Material Calorific value [kJ/kg] Energy equivalent [kJ/kg]
Polyethylen (PE) 43,000 70,000
Polypropylen (PP) 44,000 73,000
Polystrol (PS) 40,000 80,000
PVC hard 18,000 53,000

Only ferrous metals can be recovered from the incineration process. Hence, in a sus-
tainable waste and resource management concept, incineration is feasible only for the
treatment of those waste components that can not be recycled or when recycling effort
(e.g. energy consumption) exceeds the benefit of recycling. That has been the case with
the maijority of the MSW in the past. That is why incineration as an expensive but reli-
able technique is so widespread in Germany.

Innovations and significant cost reductions in waste processing and sensor based waste
sorting has changed this situation as well as the approaching shortage of raw materials.
After the current economical and raw material price crisis more and more waste compo-
nents will be picked out by sorting machines. Besides the ecological benefit, this saves
cost for expensive treatment like incineration and often even creates a positive income.
Some waste management societies have already voluntarily installed sensor based
sorting units because they it pays off. Step by step there will be less waste that will be
incinerated in Germany, resulting in increasing incinerator over capacities. This devel-
opment might be delayed by price dumping of incinerator operators.
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3.3 Mechanical-biologial treatment (MBT)

3.3.1 Current situation

Figure 9 shows the average mass-balance of the German MBTs. The amount of mate-
rial recovery in these plants is not very high. From the total of 4.9 million Mg (tons) per
year 127,000 Mg ferrous metal and 9,000 Mg non ferrous metals are recycled. The vast

majority (2 million Mg) of MBT output goes to energy recovery (incineration) and 1 mil-
lion Mg are landfilled.

Plant input
4.907.341 Mg/a

Calculated loss of mass by

M BT M BS M PA biological degradation, drying and

incomplete mass balances
1.187.640 Mg/a

For further treatment / For landfilling or
energy recovery material recovery
2.365.931 Mg/a 1:194.894 Mg/a
Contraries 142.573 Mg/a = Non-ferrous metal
Else 214.044 Mg/a - 9.995 Mg/a
B Fe-metal
. . . 127.027 Mg/a
High calorific fractions
2.009.314 Mg/a Material for
landfilling
1.057.871 Mg/a

Other low-calorific material partly for treatment, recycling
wasteconsult or landfilling 158.877 Mg/a
INTERMATIOMAL

Figure 9: Mass-balance of the German MBTs (Kiihle-Weidemeier et al., 2007)

Only anaerobic MBT processes produce energy that covers at least their own energy
demand. The other MBT processes just consume energy.

3.3.2 Evaluation

Currently, MBT wastes energy and resources although the material and energy recov-
ery potential is already higher than with conventional incinerators. Even the input of the
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biological treatment step contains valuable resources that could be picked out (paper,
wood, plastics, minerals ...), like it is already done in a very few plants.

3.3.3 Enhancement and future potencial of MBT

Big progresses in sensor based sorting makes installation of such units in MBT plants
attractive. They are applicable to the coarse fraction as well as to the fine fraction. Best
conditions for such applications exist at plants with wet mechanical treatment steps or
biological / physical drying. MBT will develop to MRFs with integrated biological treat-
ment.

Figure 10: Various fractions from a biological and wet mechanical treatment step of an MBT

The (former) landfill fraction of MBTs with wet mechanical treatment steps of wet an-
aerobic treatment does not necessarily has to be landfilled. Figure 10 shows that use-
able mineral and organic fractions could easily be extracted.

The conception of MBT as a material specific waste treatment technology offers best
requirements for a sustainable, resource optimised waste management but it needs to
be consequently improved with the focus on material separation and recovery.
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4 Resource recovery from landfills

Concepts for material recovery from landfills have come back on the agenda, for exam-
ple VISVANATHAN ET AL., 2007.

Currently, landfill mining is still to expensive in Europe but with increasing prices of raw
materials this might change in a medium range of time. Faulstich (2008) compiled data
about recoverable resources in German landfills:

Table 2: Resources in German landfills (Data from Faulstich, 2008)

Deutschland Deponierte Deponierte Deponierter
Siedlungsabfélle | Massenabfélle Klarschlamm

Gesamtmenge 960 50 >>10 Mio. Mg

Fe- + NE-Metalle 32

Zink 70.000 Mg

Blei 25.000 Mg

Phosphat 1 Mio. Mg

5 Summary and recommendations

Shrinking natural resources, fast growth of the world population and increasing prosper-
ity in emerging and developing countries requires consequently resource optimised act-
ing in general and especially in waste management. A massive increase of the share of
materials recovered from waste is necessary. This would enhance material supply and
save lots of energy (CO»-emissions) too. Resource recovery means climate protection.

Enhanced MBTs and sensor based waste sorting plants must become the heart of a
sustainable, material specific waste management system. Current MBTs are the first
step on this very promising way. MBT will develop to MRF with integrated biological
treatment or pure material separation.

Incineration does not meet the requirements of a sustainable, resource optimised waste
management concept, because the energy that was spent for the production of the ma-
terials that are used as fuels is completely lost in the incineration process. Precious
waste components like non-ferrous metals are irrecoverably lost in the incinerator ash.
A significant share of the waste that is expensively incinerated at the moment will be
cheaper recovered in the future. Hence, there will be less input for incinerators. Incin-
eration will step by step lose it's importance, although there will always be demand for
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some incineration capacity because total recovery and recycling is not possible. Coun-
tries that are going to design their waste treatment concept should consider this devel-

opment.
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Institute of Waste Management, Department of Water Atmosphere and Environment,
University of Natural Resources and Applied Life Sciences Vienna, Austria

Abstract

Due to considerable changes in landfilling strategies in Germany and Austria during the
last decade MBT technology has become one of the most important treatment proce-
dures for municipal solid waste besides incineration. Reduction of environmentally rele-
vant emissions has been in the focus of interest. After some years of experience this
request is proved to be accessible. The future challenge in waste management will be
the use of resources from waste in a proper way. The objective is not only the avoid-
ance of negative effects, but the improvement of positive effects by material recovery,
energy production and carbon sequestration. The carbon cycle and the effect on climate
will be a crucial issue. In this paper data of four sorting analyses are presented. Input
materials of four MBT plants were investigated and assessed in terms of the intended
purpose. About 5 to 10 % were sorted for material recovery. Improved sorting technolo-
gies can provide about 30 % for heat production. Data of carbon sequestration in land-
filed MBT material are presented and compared to municipal solid waste incinerator
(MSWI) bottom ash. The total organic carbon (TOC) content differs from MBT material
(average ~ 17 % DM) to MSWI bottom ash (average ~ 2 % DM). Finally incineration of
municipal solid waste containing biogenic materials and food waste with high water con-
tents is discussed.

Inhaltsangabe

Im Zuge der Anderungen der Ablagerungsstrategien in Deutschland und Osterreich
wurde die MBA Technologie neben der Verbrennung zu einer der Hauptbehandlungsar-
ten von Siedlungsabféllen. Das Hauptaugenmerk lag auf der Vermeidung negativer
Auswirkungen auf die Umwelt. Nach einigen Jahren ist mittlerweile klar, dass dieses
Ziel erreicht werden kann. In den nachsten Jahrzehnten wird die grof3te Herausforde-
rung der Abfallwirtschaft darin bestehen, die Ressourcen des Abfalls zu nutzen. Nicht
nur negative Effekte verhindern, sondern positive lukrieren, muss zum Ziel werden. Der
Blickpunkt muss auf den Kohlenstoffkreislauf und Klimarelevanz gelegt werden. In der
vorliegenden Arbeit werden beispielhaft Daten aus vier Sortieranalysen prasentiert. In
vier verschiedenen MBA Anlagen wurde das Inputmaterial bewertet. Zwischen 5 und
10 % koénnten zur stofflichen Verwertung genutzt werden. Durch bessere Sortierung
waren zusatzlich bis zu 30 % des Materials fir die Energieerzeugung geeignet. AulRer-
dem werden Daten zur Kohlenstoffsequestrierung von MBA Deponien im Vergleich zu
Verbrennungsschlacke prasentiert. Der organische Kohlenstoffgehalt (Coyq) liegt bei
MBA Deponiegut im Mittel bei 17 % TM, wahrend Schlacke nur einen Kohlenstoffgehalt
von 1 —2 % TM aufweist. Die Verbrennung von organischer Substanz mit hohem Was-
sergehalt wird diskutiert.

Keywords
MBT technology, material recovery, sorting analyses, carbon sequestration

MBA Technologie, Recycling, Sortieranalysen, Kohlenstoffsequestrierung
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1 Introduction

During the last decades waste management has mutated from prevention of negative
environmental impacts by waste reactivity and end of pipe strategies into improvement
of provident measures to minimize emissions by the landfilled materials in advance.
This purpose has resulted in the landfill ordinances for the compulsory pretreatment
before landfilling. Mechanical-biological treatment (MBT) and municipal solid waste in-
cineration (MSWI) are the most relevant procedures to reach this goal. In addition re-
source recovery and the use of waste have increasingly gained in importance the last
years. In this context sorting technologies have become an indispensable integral part
of current strategies. Biological and thermal treatment moved from competitive tech-
nologies to complementary measures within a comprehensive waste management con-
cept. The efficient use of resources including materials and energy is aimed for. The
markets for these resources have developed at different quality levels and economical
reasons are in most cases the determining factor. Because all measures affect the
global carbon cycle we have to consider the impact and the consequences of all waste
management activities in this context. The task for politicians will be to adjust the mar-
kets for waste resources and to take into account ecological aspects in a holistic ap-
proach. This paper focuses on two main points:

e Determination of potential resource recovery based on sorting analyses

e Benefits by carbon sequestration and discussion on energy efficiency

2 Materials and Methods

2.1 Sorting analyses

Four examples of sorting analyses with different purposes and methods are presented.
Analyses A — C focused on the quantification of different fractions, analysis D on the
assessment of thermally usable materials. The material composition was consistent in
all cases with the usual input intended for the biological treatment in a MBT plant.

Example A: residual waste (37,700 kg comprising 10 charges) was manually sorted.
The material was not shredded or treated anyway else. The following fractions were
separated:

Agrofoils, aluminum tins, batteries, coloured foils, electronic scrap, stained glass, clear
glass, untreated wood, treated wood, cables, crate wood, magnetic separator, medica-
ments, engine oil bottles, nail polisher, non-packaging plastics, paper, PET-bottles,
plastic pipes, PS, X-ray photographs, carpets, transparent foils and packaging materi-
als.
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Example B: Residual waste (79,900 kg) was sorted automatically. The material was not
shredded. The selected fractions were metals and contraries.

Example C: Residual waste (40,380 kg) was manually sorted with the focus on two
charges. The material was not shredded or treated anyway else. The sorted fractions
were green, blue and transparent PET-bottles, other hollowware, foils, ferrous metals
and non-ferrous metals.

Example D: Residual waste (180,000 kg) was sorted automatically. The material was
shredded and dried using the heat that is generated by the biological treatment. Metals
and wood, however, were sorted for material recovery. The thermal fraction was divided
into a fraction from 6 to 40 mm and a fraction from 40 to 70 mm.

2.2 Determination of carbon contents in MBT landfills

Carbon contents were determined by investigation of 34 MBT landfills and MBT materi-
als intended for landfilling. They covered the variety of Austrian MBT materials.

Total carbon and inorganic carbon were measured using the CNS analyzer (VarioMax).
The total organic carbon (TOC) content was calculated by subtracting the inorganic car-
bon from the total carbon.

2.3 Determination of carbon contents in MSWI bottom ash and water
evaporation in combusted MBT materials using thermal analysis

Quantification of carbon contents in MSWI bottom ash was carried out using an instru-
ment for simultaneous thermal analysis (STA 409 CD, Netzsch GmbH).

Twenty-four samples of MSWI bottom ash ready for landfilling or already landfilled were
analyzed. The samples originated from different plants and landfills respectively and
covered the range of Austrian MSWI bottom ashes. The samples were subjected to the
heating program from 30°C to 950°C with a heating rate of 10 K min™'. By means of
thermogravimetry the weight loss is measured. The CO; ion current (mass 44) caused
by combustion of organic matter and carbonate decay > 650 °C is recorded by the mass
spectrometer. It enables to distinguish weight losses by CO, release or water (mass 18)
evaporation.
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3 Results

3.1 Sorting analyses

Results of sorting analyses are compiled in tables. The material recovery potential of
sorting analysis A was found to be 7 + 1.9 % (w/w). A detailed list of different fractions
and the portion of the total residual waste charges is presented in Table 1.

Table 1: The fractions of the material sorted for recovery in example A.

fraction percentage fraction percentage
magnetic separator 14.3 treated wood 1.6
agrofoils 13.7 PET-bottles 1.3
paper 12.4 aluminum tins 0.9
packaging materials 11.9 batteries 0.4
carpets 9.2 PS 04
non-packaging plastics 7.6 stained glass 0.3
transparent foils 6.9 clear glass 0.3
colored foils 6.6 crate wood 0.3
untreated wood 3.8 medicaments 0.1
cables 3.7 engine oil bottles 0.1
electronic scrap 3.3 nail polisher 0.1
plastic pipes 2.3 X-ray photographs 0.1

According to sorting analysis B the total potential for material recovery was assessed by
4.0 % (w/w).

According to sorting analysis C the potential for material recovery amounted to
9 + 3.3 % (w/w). Details on composition and percentage are compiled in Table 2.

Table 2: The fractions of the material sorted for recovery in example C.

fraction percentage fraction percentage
foils 44 1 non-ferrous metals 6.4
ferrous metals 23.7 PET blue 3.1
hollowware 10.5 PET green 1.9
PET transparent 10.3
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Sorting analysis D led to following results displayed in Table 3.

Table 3: The fractions of the input material in example D.

fraction percentage fraction percentage
6 —40 mm 30 wood 5
40 -70 mm 20 metals 2

The rest amounted to about 40 %.

3.2 Organic carbon contents in MBT materials and MSWI bottom ash

Figure 1 displays the different carbon contents of MBT and MSWI output materials for
landfilling. The mean TOC content of the MBT materials was about 17 + 2.5 % DM. The
MSWI output reached a mean content of about 2 + 1.4 % DM. The average difference
between carbon contents in MBT waste and MSWI bottom ash is about 15 % organic
carbon DM.

25
20 o 3 . 17 % DM
- e o o . mean: ~ b
g | I'{ : o
S 15 ° °
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l—
5 y mean: ~ 2 % DM %
0 g \ \ \ \
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Figure 1: The TOC values of material from landfilled MBT material (o) and slag from MSW!I bot-
tom ash (%)

During MSW incineration two effects occur that reduce the efficiency of thermal utiliza-
tion and should be taken into account: evaporation of water and the decay of carbon-
ates. Carbonates are deteriorated at temperatures > 650 °C, leading to CO, release
(Smidt et al., 2009). In addition the decay is an endothermic reaction with energy uptake
which lowers the energy efficiency. In the MBT process a considerable amount of “sta-
ble” carbon remains in the matrix and is not released into the atmosphere. Figure 2 illus-
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trates the exothermic processes of organic matter combustion and the endothermic re-
action of the carbonate decay.
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Figure 2: Weight loss and heat flow curve of MSW indicating the decay of carbonates by the
weight loss and the endothermic reaction

Evaporation of water as well takes energy and diminishes the energy efficiency of MSW
incineration. Materials (e.g. biogenic waste and food waste) with high water contents
should be separated carefully and subjected to biological aerobic or anaerobic proc-
esses. Figure 3 displays the endothermic reaction of water evaporation at about 100 °C.
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Figure 3: The mass loss and the heat flow (enthalpy) of biogenic waste with an original water
content
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The calorific value of the dry material is indicated by the exothermic reaction up to
550 °C indicated by the heat flow curve, respectively by the area below the heat flow
curve.

4 Discussion

The next 20 years MBT technology will have to focus more on the one hand on the im-
provement of the material recovery and on the other hand on the maximization of car-
bon sequestration of all materials that cannot be used for energy production in MSWI
plants.

The results of the sorting analyses display a potential for material recovery of about 5 to
10 % of the input of the biological treatment of MBT plants. Only in example A the re-
covery of the sorted fractions is actually realized. In examples B and C the sorted mate-
rials usually end up in the MBT process without sorting. In example D about 20 % of the
input material is actually separated instead of the assessed 60 %. The additional
amount for material recovery was about 7 %; for energy recovery about 30 %. Even
though the results are not transferable one to one, the potential implies the improve-
ment of sorting technologies. In all cases of the sorting analyses investigated the im-
proved recovery was recognized as an economically interesting step even when low
and strongly fluctuating prices of raw materials seem to alienate the runners of the
plants.

The biological treatment of MBT plants must become compulsory for all fractions of the
residual waste, which cannot be used for energy production in MSWI plants. The heavy
fraction with a usually high content of wet, biogenic material is improper for energy pro-
duction (by means of incineration). Moreover, the inorganic fraction with a high content
of carbonates is not just useless but problematic, as the decay of carbonates at tem-
peratures > 650 °C is an endothermic reaction and leads to additional release of CO; to
the atmosphere with loss of energy.

The carbon storage in MBT landfills seems also to be a crucial challenge for the MBT
technology in the future. In the context of climate change the benefit of MSWI is energy
production, the positive impact of MBT waste is carbon sequestration. The difference in
the carbon content of about 15 % DM between landfilled MBT and MSWI output seems
to be a veritable result.

A crucial research topic which is in the focus of interest targets the quality of organic
compounds indicated by the TOC. The determined content of 17 % DM in MBT materi-
als cannot be considered as the long-term stable carbon pool. The amount of carbon,
which is stored in the landfill over centuries, will be a percentage of this value. Investiga-
tions of degradation rates under different conditions, stabilization effects by mineral
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compounds, more details about microbial processes and adequate testing methods will
be future research projects.

Despite many open questions it can be assumed that MBT landfills develop towards
real carbon sinks. This aspect has to be taken into consideration in the discussion about
balances, benefits and carbon credits.

Waste management in 20 years will concentrate on the fate of carbon and on the effi-
ciency of measures to slow down the turnover rates. Therefore the processes of mate-
rial recovery, energy production and carbon sequestration should be optimized. In this
context MBT technology ranks in a key position as an interface of material recovery,
energy production and carbon sequestration.
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Evaluation of system costs for the use of plastics with regard
to disposal costs

Reinhard Schu, Jens Niestroj, Kirsten Schu
EcoEnergy Gesellschaft fir Energie- und Umwelttechnik mbH, Walkenried

Abstract

In this paper we evaluate the real costs for the use of plastics regarding costs for dis-
posal. These costs are until now not sufficiently reflected in the consumer prices. This
causes massive competitive disadvantages for renewable raw materials, even though
these are produced with significantly lower energy consumption and disposal costs.
Plastics waste has no recycling potential and should be regarded as waste for disposal.
Keywords

Plastics, Recycling, Disposal, System costs, Antimony

1 Introduction

Plastics are increasingly present in our everyday world. People, who are concerned with
waste in some way, will see these plastics again when they are no longer usable - as
waste. Our motivation for this paper springs from some observations about plastics dur-
ing our dealings with waste.

The company EcoEnergy has been operating the demonstration plant for the SCHU-
BIO®-Process for wet mechanical separation of waste since 2005.

In the process biogenic, native organic matter is separated from the fossil organics, the
plastics.

Chemical analysis of these fractions shows a definite decrease of pollution in the native
organics fraction and increased pollution in the fractions containing plastics.

A second clue, indicating the pollution of plastics, appeared when we investigated pos-
sible RDF fuels, applicable for co-combustion until up to 25 % of the thermal output in a
coal fired power plant. We established suitable input criteria for co-combustion, not only
regarding plant emission but also quality of desulphogypsum and fly ash. In the end,
only material blends with little or no plastics could meet the input criteria.

These findings lead us to investigate further and analyze the system costs for the use of
plastics with regard to disposal costs.

2 Production of Plastics

Naphtha is produced from crude oil and is the raw material for production of plastics.
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Until the Fifties nahptha was used directly as fuel. The development of higher compres-
sion for combustion engines lead to the need for more knock-proof fuel with higher oc-
tane number. Naphtha became a by-product from crude oil distillation.
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Figure 1: Distillation of crude oil and plastics production

Modern refineries produce about 9 % Naphtha from crude oil. When the production is
aimed more at benzine and diesel instead of heavy fuel oil, naphtha yield is at about
12 %.

In Germany crude oil consumption is at about 120 million t per year and 20 million t
plastics are produced. Additionally needed naphtha is imported via product pipeline
from Rotterdam. The precursors for plastics, especially ethane, are produced from
naphtha using a steamcracker (see figure 2).
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Figure 2: Products from Naphtha-steamcracker

Percentage distribution of the produced fractions depends on the crude oil properties.
The precursors for plastics production are therefore not produced on demand from the
consumer market for plastics but according to crude oil quality and to the technical con-
ditions of the refinery.

Consequently refineries can only run when the produced naphtha is processed to plas-
tics. Recently, in March 2009, the steamcracker of BASF in Ludwigshafen, Germany,
was shut down because of the drop in demand for plastics.

Crude oil tanks in the USA are full, but the stored gasoline is decreasing because of the
decreased demand for plastics. Demand for plastics dropped by 20 % to 70 %, depend-
ing on the sort. Logistics of the by-products are crucial for operating a refinery since
these, like f. ex. naphtha, are generated in a substantial amount. For example, benzene
storage capacity can not be increased easily, because it is a hazardous substance. If
there is not enough demand for benzene, the refinery has to shut down. Therefore, pro-
duction of polystyrene from benzene can not be stopped. To secure the demand for the
produced plastics, the price can be adapted until they are cheaper than the correspond-
ing natural material.

Another example is PVC, already much discussed in waste industry. PVC contains
57 % chlorine and is produced from chlorine gas and hydrochloric acid. Formerly there
was a surplus of chlorine gas from sodium electrolysis in the chemical industry because
wasteconsult.de

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



122 Evaluation of system costs for the use of plastics with regard to disposal costs

sodium hydroxide was needed for production processes. PVC production consumed
chlorine gas as well as naphtha and provided a way out of a disposal problem. Today,
the situation is reversed because of the increased demand and acceptance of PVC.

3  Costs of raw plastics production

Many refineries are still burning off naphtha. For production of plastics precursors,
naphtha is split via steamcracker into different short-chain hydrocarbons.

Naphtha is difficult to combust, because it is a very heterogeneous material. Gas tur-
bines for naphtha need external combustion chambers and have to be equipped with
explosion protection. In addition, they have a short lifetime and need to be replaced af-
ter 3 to 5 years. Naphtha is easily inflammable and transportation is a logistic challenge.
Consequently, plastics production plants are often installed near a refinery.

Table 1: Up-to-date fuel costs in comparison with naphtha

P Cost Energy-based

Fuel rocurement osts Energy content Procurement
(customary units) C
osts

Naphtha 332,00 €/t 43,50 MJ/kg 27,48 €/ MWh
Crude Ol 49,60 US$/bbl 42,80 MJ/kg 22,26 €/MWh
Heavy Fuel Oil Power plant 167,00 €/t CE 41,80 MJ/kg 20,50 €/ MWh
Light Fuel Oil Industry 303,00 €/t CE 41,80 MJ/kg 37,20 €/ MWh
Natural Gas Industry 22,33 €/ MWh - 22,33 €/ MWh
Natural Gas Power Plant 21,84 €/ MWh - 21,84 €/ MWh
Anthracite 112,50 €/t 29,32 MJ/kg 13,81 €/ MWh
Pulverized Lignite 112,00 €/t CE 21,00 MJ/kg 13,75 €/ MWh
Waste Wood -1,00 €/t 15,00 MJ/kg -0,24 €/ MWh
Wood, dry, finlely chopped 30,00 €/fm 15,00 MJ/kg 11,08 € MWh
Straw, dry 60,00 €/t 17,00 MJ/kg 14,95 €/ MWh
Grain, whole Plant 90,00 €/t 17,00 MJ/kg 22,42 €/ MWh
Grain 120,00 €/t 17,00 MJ/kg 29,90 €/ MWh
Vegetable Oll 500 €/m3 37,00 MJ/kg 52,88 €/ MWh
Biogas from corn silage
(Basis: Biogas recovery) 22,00 €/t - 23,20 €/ MWh

* CE = coal equivalent (anthracite)

The use of naphtha for plastics production is more profitable than using naphtha for
power generation. During the last few years naphtha prices have been between 150 €/t
and 400 €/t. Table 2 shows the costs for different fuels compared to naphtha.

The naphtha price is lower than benzene, diesel and light fuel. For processing naphtha
to plastics precursors, the same amount of energy as the energy content of naphtha is
needed again.
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Table 2: Production energy as accumulated energy requirements (AEE) compared to procure-
ment costs and disposal costs for plastics and other materials

) AEE Procurement costs Heating
Material MJ/kg Value
€/t €/MWh AEE MJ/kg

Naphtha 55 332 21,7 43,5
LDPE plastic film 91,8 800 31,4 46
HDPE plastic film 99,8 800 28,9 46
PP die casting 118,8 850 25,7 44
PVC plastic film 66,3 820 44,6 20
PS (high impact) 91,8 860 33,7 46
PET bottle 101,4 1060 37,6 46
PET plastic film 109,2 1020 33,6 46
Steel 35,8 247 24.8 0
Aluminium 193,3 1450 27,0 0
Clear glass 12,7 140 39,6 0
gg:{ggated card board, 19.8 160 29 1 15
Paper (graphic etc.) 44.8 500 40,2 17
Chipped wood f. hard- 17.0 55 116 16
boards

Wood trunk, green 14,0 150 38,6 10
Wood trunk, dried 19,0 220 41,7 15

About 20 million t plastics per year are produced in Germany. Assuming an average
AEE of 90 MJ/kg, these 20 million tons would equate about 62 Gigawatt thermal output
capacity, if not produced. Taking 50 % electrical efficiency as a basis, this equals a
base load power plant with an electrical capacity of 30 Gigawatt. The installed capacity
of all nuclear power plant in Germany is 21.5 Gigawatt, the total average yearly per-
formance is 80 Gigawatt.

Combustion of all those plastics in a waste-to-energy plant with an electrical efficiency
of 24 % would only equal a base load power plant with a thermal output of 29.5 Giga-
watt and electrical capacity of 7 Gigawatt.

Consequently, only a quarter of the production energy (AEE) can be recovered from
plastic waste as electrical power equivalent.

4 Replacement of renewable resources by plastics

Refining of crude oil yields the fractions naphtha, benzene, dieselllight fuel oil, heavy
fuel oil and bitumen in a certain ratio. The sale of the products has to follow this ratio.
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In the following example it is shown, how the political system is used to influence the
fuel market to ensure demand.

In Germany, there has been a trend for private households and industry to replace oil
with natural gas as heating fuel. The decreased demand for heating oil/diesel caused a
surplus supply. With a lower tax on diesel the demand increased, until today Germany
is one of the countries with the highest percentage of diesel sales.

Since the Fifties mineral oil tax or other fees on plastics have never been raised. This is
also true for plastics, used for energy generation in coal fired power plants, cement
kilns, for reduction in steelworks or for methanol production in the “Schwarze Pumpe”
plant. Mineral oil tax is raised on all other mineral oil products for energy generation.

The material use of renewables, for example cotton, is not supported by the government
in any way. Textile sellers like IKEA, OTTO, C&A and H&M have taken the initiative and
support cotton farmers in Africa, whose survival on the market is threatened by cheap
synthetic textiles, partly produced from PET-recycling material.

The German Renewable Energy Sources Act benefits energy recovery from wood as a
renewable energy source. Consequently, the wood price is rising, also for material use
of wood, which is not supported in any way. Therefore, plastics have a good chance to
replace wood in many applications, for example thick-walled products like garden
benches, fences or terrace paving.

Natural fibrous insulating material consumes only one tenth of the production energy of
plastics based insulation, but even so, they cannot compete on the market with polyure-
thane or polystyrene materials. Insulation is state-aided in Germany without regard to
the production energy of the insulation material.

Because of the high production energy and the high disposal costs, insulating with plas-
tics should be watched critically, considering the ecological and economical impact.
Politics are called to act and compensate this inequity.

5 Disposal of plastic waste

Today, plastic waste is mostly considered as recyclable material even though about
50 % of plastic waste is burned in waste incineration plants and recycling of mixed in-
dustrial waste is questionable too. The separate collection of plastic waste from house-
holds has also come under public criticism.
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5.1 Energy Recovery of Plastic Waste

Pure polyethylene and polypropylene production waste with a low pollution level can be
used for energy recovery in coal fired power plants and cement kilns.

In general however, plastics contain several critical pollutants such as chloride, bromide
and especially heavy metals like mercury, lead, cadmium and antimony. Besides emis-
sion control, the product cement and the residues from the power plant should be taken
into consideration.

5.1.1 Cadmium pollution

Cadmium is a waste product from tin smelting and has been used a pigment in plastics
in general and especially as stabilizer in PVC. According to our evaluation of pollutant
distribution in a coal firing power plant with co-combustion up to 25 % of thermal capac-
ity, the limit value for cadmium is < 0.4 mg/kg fuel. Only then the required quality of the
desulphogypsum can be maintained.

Biogenic waste material, not containing plastics, can meet this requirement. The limit
value for cadmium of the “Bundesglitegemeinschaft Sekundarbrennstoffe e.V.”, an as-
sociation of RDF producers, is 4 mg/kg RDF and is aimed at lower co-combustion rates.
Waste containing plastics can barely keep this new, low limit.

According to the EU Directive 76/769/EWG, the limit value for plastics is 100 mg/kg.
Germany imports more than half of the plastics for internal demand, even though all in
all there is an excess of exports. The cadmium content of the imported plastics is nearly
impossible to monitor. Some plastics contain up to 200 mg/kg cadmium.

5.1.2 Antimony pollution

The corrosion catalytic properties of antimony during combustion are still unknown and,
until now, have also not been investigated. Antimony concentration in plastics is 1'000
to 2’000 times higher than in coal. In natural products antimony concentration is
< 0.01 mg/kg. PET contains 300 mg/kg and Polyester 150 mg/kg due to the production
process conditions. Flame retardants, also containing antimony, are used in electronic
products in cars and in building. In the back cover of a TV set for example, 4’400 mg/kg
antimony were measured.

Migration of toxic antimony from PET bottles into the liquid has been verified in 2006.
Doctors are warning against wearing PET textiles, which are produced partly from PET
recycling material, because of sweat releasing antimony and possibly causing skin irrita-
tion and neurodermatitis.
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Replacement of antimony by titanium and phosphate in PET-production was tested in
Japan. However, due to an unavoidable yellow tinge of the product, the new process
could not take hold. Currently there are no alternatives to the use of antimony.

Antimony limit value in waste for combustion in cement kilns in Switzerland, was origi-
nally at 5 mg/kg and has since been adjusted to 300 mg/kg for ,plastic waste“ and to
800 mg/kg especially for PET-waste. In Germany, the limit value for antimony in RDF
has been raised to 50 mg/kg by the ,Bundesglitegemeinschaft Sekundarbrennstoffe
e.V.“ Until today there has been no long term study on the migration of antimony from
concrete containing antimony polluted cement. So far, there exist no binding declara-
tions by the plastics industry concerning a restricted use of antimony. Technically there
is no alternative for antimony, neither as a stabilizer in PET and polyester nor as a syn-
ergist in bromide containing plastics.

5.1.3 Lead Pollution

Lead is used as stabilizer for the PVC production and as pigment. PVC in today’s waste
contains about 2’000 mg/kg lead, the limit value for co-combustion is at 70 mg/kg.

According to a voluntary declaration of PVC producers (Vinyl 2010), the use of lead in
PVC production shall be reduced from 2015 on.

5.1.4 Mercury pollution

Hydrochloric acid is used for PVC production. Two thirds of hydrochloric acid is pro-
duced with chlorine-alkali-electrolysis and the amalgam process. In this process, con-
tamination of the hydrochloric acid with mercury is unavoidable. In consequence the
mercury is also incorporated into the PVC. Around 1973, 58 mg mercury per kg chlorine
was used in PVC production. PVC products have a lifetime of 2 to 50 years. The limit
value for co-combustion is 0.6 mg/kg.

5.1.5 Chlorine pollution

The chlorine content of waste containing plastics stems to 60 % to 95 % from the plas-
tics. Best known example is crude PVC with a chlorine content of 57 %. The final PVC
products contain about 30 % to 80 % of crude PVC; resulting in 12 % to 30 % chlorine
content in the PVC based plastics. Separation by automatic sorting is therefore difficult.
The reject material is not recyclable as PVC and the operators of waste-to-energy
plants do not accept this mixed PVC waste, containing > 10 % of chlorine. Chlorine is
further used in many other plastics as flame retardant.
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Energy recovery in suitably designed waste-to-energy plants with combined heat and
power is possible for nearly all plastic waste. Nonetheless, thermal treatment in waste
incineration plants is generally classified as disposal. Discrimination between energy
recovery and disposal in waste incinerators is determined in Germany by the German
Life-Cycle Resource Management Act (KrW-/AbfG).

Chlorine, together with chloride-forming heavy metals and alkaline, is responsible for
high temperature corrosion in the boiler. Many waste-to-energy plants have a permit for
burning material with maximum of only 1 % chlorine. Not all flue gas cleaning systems
of currently operating waste incineration plants or waste-to-energy plants allow for chlo-
rine content higher than 2.5 %. On top of the costs caused by boiler corrosion, f. ex.
higher maintenance costs, less availability and shorter run time, chlorine causes also
higher utilities consumption for chlorine binding and higher costs for disposal of resi-
dues.

The total extra costs because of the chlorine load are 400 to 700 €/t PVC, basic costs
for waste incineration not included. These extra costs are included into price escalation
clauses of waste-to-energy plants by the operators. It is evident, that the presence of
PVC in a mixed waste, declared for energy recovery, is not any indication for the suit-
ability of PVC for energy recovery.

5.2 Raw material recycling

Raw material recycling of plastics is irrelevant at present, since the coal-oil-plant in
Bottrop, Germany, was closed in 1999; the gasification plant for methanol synthesis
SVZ shut down in 2005 and the steelworks do not use plastic waste as reduction mate-
rial since 2005. Antimony content is important for steel production because antimony
causes grain boundary segregation and, even more so, surface segregation of steel and
iron based alloys. This causes embrittlement and higher corrosion risk of the steel.
Commercial steel contains about 10 mg/kg antimony. Due to the increasing use of low
quality scrap metal from car recycling, electronics scrap metal and ferrous scrap metal
from waste incineration slag, it is likely that the antimony content of steel will increase.
We do not expect a “revival”’ of the use of plastic waste in the steel industry.

5.3 Material recycling

We also investigated material recycling of waste, containing plastics. The term “recy-
cling” of plastics implies that the same product can be produced again from the recy-
clate granulates. Up to now, this is regrettably not the case.

Even in plastics of the same sort, plasticizers evaporate and are present in different
concentrations, depending on the age of the material. Different additives are uses ac-
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cording to the different applications of the material. Post consumer waste is therefore
not recyclable even if separated into uni-type fractions and is only usable for down cy-
cling.

The term ,bottle-to-bottle” in PET- bottle recycling does only mean a 15 % addition of
recycling PET to the raw material for production of new bottles. The highest recycling
quality to date is reached by blending regranulates from production waste with new raw
material. This application for high quality products however, is not possible from post
consumer waste without an inappropriate sorting effort and by mixing more than 10 %
into the product.

Material recycling of plastics usually means production of thick-walled products. These
can not be recycled after use and have to be disposed of by thermal treatment. So the
incineration of the original plastic material is delayed, but ecologically and economically
it is still the better alternative compared to land filling.

However, there is not enough waste incineration capacity in Germany today for disposal
of all plastics waste in any case. 15 million tons of plastics have been consumed in Ger-
many in 2007. Standardized to average heating value for waste incineration, this equals
a waste incineration capacity of 60 million t/a, if the plastic waste would be treated in
waste incineration plants. The waste incineration plant capacity can not be increased at
the same rate as the plastics production of the last few years and also take into account
the average lifetime of the material.

5.4 Society Landfill

The term “society landfill” is implying the intermediate storage of polluted plastics in so-
ciety in the form of thick-walled plastic recycling products, such as garden benches,
fences or even bicycle stands, prior to their final disposal. The society landfill secures
the plastic waste for a subsequent controlled disposal.

5.5 Thermal Disposal by Waste Incineration

The most accepted and best way for the disposal of plastics waste is waste incineration.
Plastics are responsible for 50 % to 80 % of incineration costs even though their propor-
tion in the waste is only 15 % to 40 %. Because of their high heating value they account
for 50 % to 90 % of the thermal output of the waste incineration plant.

Costs depend mainly on the waste volume, determining logistics, bunker and feeding
costs as well as on pollution of the waste and on the thermal output of the plant.

The mass throughput is only a minor factor for the costs of waste incineration. One ton
industrial waste with a high plastics content and 16’000 kJ/kg heating value is displacing
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two tons household waste with 8000 kJ/kg heating value. Consequently, the plant op-
erator earns only half when processing this industrial waste.

Average costs for waste incineration have been about 150 €/t in Germany during the
last 3 years relating to an average heating value of 10’000 kJ/kg. One ton of plastic
waste with 40’000 kJ/kg heating value consequently displaces four tons of household
waste. The theoretical costs for disposal of plastic waste are therefore about 600 €/t, in
case it were possible, to operate a plant only with this plastic waste. With exception of
the circulating fluidized bed combustion (CFB), no waste incineration plant in operation
today can tolerate heating values of 16’000 kJ/kg in the long run.

5.6 Landfill

Plastic waste from car recycling and plastics in the MBT landfill fraction are still land
filled legally in Germany. In other countries, with few exceptions, disposal of plastic
waste on landfills is still the main disposal method.

5.7 Export for pseudo recycling

Officially, plastic waste goes mainly into material recycling in foreign countries. In 2008
the “Bundeskriminalamt” (Federal Criminal Police Office) has published a report about
,Waste management cross-border crime in connection with the EU enlargement to the
East®. Quotation: ,On the European waste market there is a large dark field of illegal
transport, especially of so-called pseudo recycling. The 2002 ecological report of the
German Council of Environmental advisors states, that this is usual practice and calls
this development a perversion of waste management. Compulsory use of the public
disposal system for recycling was abolished and consequently the national and interna-
tional waste transport increased...”

In our opinion plastic waste has to be regarded as hazardous waste. The danger to the
environment is only perceivable in the long term. The point is not an alleged acute toxic
effect but the extremely high persistence of plastics in the environment.

In 2004 it has been discovered, that several million tons of plastic waste are drifting in
the Pacific Ocean between California and Hawaii. These plastic are slowly crushed me-
chanically and raise the plastic content of the plankton. This has been monitored. Deg-
radation and therefore release of the toxic pollutants however, is estimated to take more
than 500 years.

Air and water pollution can be remedied in a few years time. For example the air pollu-
tion in the “Ruhrgebiet”’, an industrialized area in the west of Germany, could be quickly
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reduced by installation of filter units. In contrast the pollution of the environment by plas-
tics can last over 1’000 years.

The most obvious problem with using oil is carbon dioxide emission. This problem ap-
plies to 90 % of the oil application an can — at least in theory — be solved in a time frame
of fifty to hundred years by switching to renewable resources. The other 10 % are used
for production of plastics. The consequences by irresponsible disposal of plastics are
not reversible during the next millennium.

6 Conclusion

Plastic waste is not recyclable. The real system costs of plastics production are princi-
pally higher than the use of basic material like glass, paper, wood, natural fibres, stone,
metal etc. for the same application.

The system costs of oil based plastic production will increase along with the increasing
shortage of crude oil. Less plastics production is consequently leading to fewer possibili-
ties for the material recycling of plastics. The pressure for pseudo recycling can only be
reduced if the compulsory use of public disposal systems is re-established for waste
containing plastics.
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Alternative Fuels from Waste

Pathways of interest & key challenges

Jorge Hau

Senior Technology Analyst /Juniper Consultancy Services Ltd

Whenever we talk about waste... m
—

* anumber of conventional and much talked-
about technologies are always on the agenda

Technology Options
m

- O C DT D ]

Flasmia
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Whenever we talk about waste...
h

= anumber of conventional and much talked-
about technologies are always on the agenda

= MBT has been the focus at this conference
previously
* Discussing issues like

s adequately stabilising the input waste for
landfilling

o finding sustainable markets for MBT outputs:
RDF, SRF, CLO, digestate, etc.

a number of conventional and much talked-
about technologies are always on the agenda

MBT has been the focus at this conference
previously

But with the emergence of new approaches...

..Right to look at synergies between the
established and newer systems
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Why biofuels from waste?

h

—_— ~Benefits for
penefits for climate change
waste and energy
management security

—

tn “ncieration’ Mo 'foad vs. Fuel'

plomrmtn dilermima
':""tp""'::r:::r_:" L ] Renewabla anergy I
Reduced dependence
Reduced landhil I o o

Revenue from gale Revenue from
fee I Al l

—

Jurige
S —

More options...more confusion?

= But...what does this mean for the decision maker?
o What is the demand for specific biofuels?
' Which feedstock?

Which technology pathways is more suitable for my
waste stream?
* Are they proven [ bankable?

= Can lintegrate these technologies within existing
infrastructure?

m |

o Which technology supplier?
Which incentives?

* Feed-in tariffs? renewable credits? who gets the incentive?
excise tax relief? carbon credits?

m
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Which biofuel?

N Substitutes for Special fuels

Conventional fuels A - .

conventional fuels (e.g. for fuel cells)
* Diesel * Biodiesel * Hydrogen
¢ Gasoline s Ethanol * Methanol
+ Jet fuel = Butanol « MTBE
* Methane (CNG) « DME (dimethyl « ETBE

ether)

Which feedstock?

".I"I.Fa*_:te Municipal ARk L]
biomass waste
* Agricultural « MSW » C&| waste
residues * SRF/RDF * Scrapped
* Woody e Food waste tyres
waste * Waste oils * Waste
and fats plastics
« WEEE
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Which technology pathway? w

'ﬂ—.—-_-‘__‘-.l

* Juniper has identified 75 pathways considered
as commercially relevant

= 20 of these use MSW and/or MSW-derived wastes

s 23 use special wastes: food waste, manures, C&I
waste, etc.

* Because of time ...l will discuss only a few
= Benefits and challenges
= Potential for integration with MBT

Selected pathways of interest

-._-*_-

Cellulosic Fermentation to Ethanol |

Gasification + Catalytic Conversion to Alcohols & DME

d

Gasification + Syngas 'Fermentation’ to Ethanol '

Gasification + Fischer-Tropsch to Diesel, Jet Fuel & Gasoline

Depolymerisation to Diesel
AD + Biogas Upgrading to Biomethane

—

Fast Pyrolysis to bio-oil
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Cellulosic fermentation to ethanol

/B

Core Post- Final
| processing | Process processing products

Criteria

Wastetypes v Biodegradable, food and green wastes
¥ Cellulosic materials (e.q. waste wood, crop residues)

Technical v Can handle wet and low CV materials
& Pre-treatment of cellulosic materials still being developed
Economic % Qpex may be high (enzymes, pre-treatment agents, energy
requirements)
Environmental Likely to be perceived as avoiding incineration

Mo langs

Synargies with MBT can assist in feed preparation
MET ¥ Developments in pretreatment of cellulesic materials cowld

Provennass

anding commercial reference projects

v
& _._but need ta manage residues: lignin, DDGS, off-gases
E ]
v

provide opportunities for MBT
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Cellulosic fermentation to ethanol

| T

= Examples of key <* logen
players

Bioethanaol Japan
Veranium

e Colusa Biomass
CRAC s
Mascama Yaval Medales

SRES RS Institut Fran du Pétrole

BlueFire Ethanol paq rabras &lera binfuels

Energy Research Centre of the Metherlands

[=

Renewable Spirits SunCpta BioProcess
JL Corporation Abengoa Bioenargy

Marubeni TSk Celuno
= Masada
Reclaim Resources

X 2 S Hiagaso
CleanTech Biofuels 3

THMO Reney

Gasification + syngas ‘fermentation’

h""—r—.

Pre- Core | Post- | Final

i processing Process | processing products

asification |

Ethanal
| MARF | | [} + [ I
| Preparation | § |  Sengas : |
Fermentation
1
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Gasification + syngas ‘fermentation’ )

Criteria Potential Advantages and Issues

‘»’

Waste types + Biodegradable, food and green wastes
v Cellulosic materials
¥ Special wastes: plastics, tyres, residual MSW
Technical " Syngas ‘fermentation’ step operates at low temp & pressure
% System complexity potentially high
% Mot good with wet and low CV materials
Econamic % Potentially high capex
Environmental +~ Does not produce lignin-rich or DDGS-like residues
¢ Meed to manage an ash or slag

Provenness ! On ven at pilot scale

Synergies with  «" MBT can play critical role in ensuring that feedstock is
MBT suitable for Easiﬁ cation

= Examples of key
players ks

General Motors

Alter MRG

INEQS

BRI Energy
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AD + biogas upgrading to methane

T ———

™y f ™ al 1 ¥ B i "-I

Waste ‘ Pre- Core Post- Final
processing Process processing products

AD + biogas upgrading to methane

Criteria Potential Advantages and Issues

Waste types v Biodegradable, food and green wastes
Technical ¥ Can handle wet and low CV materials
Economic - Very case specific

Environmental ~ Canavoid incineration as desirable in some countries

% _..but need to treat off-gases from process and manage
CO_-rich gas stream from biogas upgrading

% Need to manage digestate, water effluent

Provenness Fully proven but with certain feedstock

Synergies with Relatively straightforward to integrate in some MBT

MBT systems
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= Examples of key

players
Schmack
hhlitas MT Energie
Linkdping Biogas
Ros Roca CarboTech
Malmberg
Okobit
Kompogas
EnviTec Biogas
Summary
—_— potential
Issues to synergies

consider with MBT

Biofuels ||I|;|3I:|.- to find
markets

———
Integration with MBT for
““m Optimisation
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Summary
Pntent!al
Issues to synergies
consider with MBT
pathways may not be
oSt
- Biofuels likely to find
Complesity likehy tobe ma:‘netz-
high :
mnnwﬂh MBT f'“]
u:unnufnmﬂﬂﬂ
to landfil
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Summary

Issues to
consider

Baofuels pathways may
not be cost-effective

Complexity likely to be
higher

Mary technical issues
unsohved

Government support
and regulations

Author’s Address:
Jorge L. Hau

Juniper Consultancy Services

Email:

Web. www.juniper.co.uk

Tel.: +44 1452 770078
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potential
synergies
with MBT

At the heart of
Industrial Ecology

Biofuels likely to find
markets

Integration with MBT
for system optimisation

Reduction of waste
going to landfill
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Plasma conversion of waste and biomass - a new solution?

Dr. Egan Archer

Director, Juniper Consultancy Services Ltd.

Versatile technology

Heat and R
slectricity
Hvgher X |
w T s i F'|-u.II'I1ﬂ

conversion

Palitical will
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Plasma conversion of waste and biomass - a new solution?
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Gasification

Residual MSW
L, H, iInorganmic
e
’

r

A
\ 7 _*,-""r Cnergy = Chemical Cnergy
AT 4

syngas
I CO. H,. N,

Flagima E"-.|E|T. Tiﬂrﬁ

l

Syngas

‘ cleaning

Chamicals,
transport fuels

I

Electricity
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What is Plasma Gasification?

» A Plasma Arc is generated when

® a ‘carrier gas’ is exposed to high energy fields between two
electrodes, e.q. an electrical discharge;

® molecules in gas are forced into high energy collisions with

charged electrons resulting in the generation of charged
particles

» Although the plasma plume may reach very high temperatures

(ca. 20,000 °C), the bulk temperature of the waste will only
reach ~1,800-2,000 °C
» Plasmas can be
[ ]
high energy eleclric

are part of the plasma torch

assemibiy,

Field Caoil Gaas

EUROPLASMA~-

Source Europlasma
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Plasma technologies for waste oJ uniser

~ Two types of technologies usually offered for waste
treatment:
* Plasma Incineration

*» Plasma Gasification

Plasma pyrolysis has also been developed, but has been
used in the recycling industry to recover aluminium from
waste materials.

Plasma systems are being used in the MSW industry in
Japan to vitrify incinerator bottom ash and fly ash residues.
These are referred to as plasma melters, but they utilise a
similar combustion concept as plasma incineration
technologies.
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Families of guﬂificﬂ’rian processes Jmmar

THERMAL PROCESSES FOR M3SW

GASIFICATION

- FI _\_‘-‘-‘_\-
EMPERATURE IR —

SASIFICATION CLOSE-COUFLED —l

ELAGEIM KMULTIFLE
GASIFICATION PROCESSES

Leading plasma processes targeting MSW

advancad Flasma Powear | GasPlasma) il Filot
altariirg | Wastinghowsa) ' Y
EER I | Demonsbralion
Euraplasems Concepk | projects announced )
Geoplazima ! Crangepl

InEnTec (formed ¥ 1ET) Loncepk | progect announced)
Flasoo i\ Damonstration
Fymgenesis . {f . Pilot

Solena | & Concept

Glartech E Pilat

Somce: Tasper dotabnse

The leading suppliers targeting MSW applications
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Alter NRG / Westinghouse - Technology Status Juniper

= Two commercial plants built in
Japan by Hitachi Metals using the
WPC technology

® Argquably the only commercial
reference plants for plasma
gasification of MSW

# Owns long-standing pilot plant (Waltz
Mill) In Pennsylvania, USA
» Alter NRG relevant projects.
& ~150kTpa MSW-to-syngas
in St. Lucie, Florida, USA
& MSW-to-syngas-to-ethanol
{with Coskata and, hence, GM)
e Other projects with MSW, blomass,

coal, petcoke and haz. waste
processing

Mg ™™ W wn _ee = — =]

N
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Alter NRG (Westinghouse) Plasma Gasification Reacton Junipe

Aazte |nlet

Syngas
Ciiithes

Casfication Zone
Air Feed

Hlasma Tarch

KeRing Zone

fictal & Slag

Jubput

EER - Technology Status

# Technology derlved from process
developed by S1A Radon (in Russia)
for destruction of LLEW

» Built and operated demo plant
at the Yblin landrill site in Israel

® Only operated a few times
since bullt In 2003
Used simulated MSW so far,
though real MSW planned to
be used in 2008

Facility is a close-coupled
design due to small
throughput capacity

1#* commercial plant would
clean the syngas and produce
electricity via gas engines

Schematic of Demio Plant
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9
ﬂ?‘@ 3

Fyralyas, Gasification and Viknhcaton of saste taka place drsvon by the Plasma Torches,
Byngas is combuabed and the producis of combasion ane @nected inko =

Heal Bgaovary Bloam Bodar. 1 Boller Pre-healir and Supoehda aber.

Seaam TurksnGarspmbor
Flup-gas Evaporatisg Sombher. L
Vanturi Adiomptian Reacios, 1 Waslte Gasilication; 2- 4 Energy Recovery System;

Fanri: Filte B
Priisning 5rr:ruuunr-mnn:|nq. 5-8 Flue-gas Cleaning Train

W= R e RS RS

Plasco - Technology Status

Plasco owns the IPR

= First commearcial scala project built
in Ottawa, Canada

operates as a demonstration plant

SS5Les ‘I Lr |".|:_'|
ne of which are

Operates a test facility in
Castellgali, Spain

s wers announced in
5, but none of

F Relevant projects announced :

@ 400 Tpd (. 120kTpa) plant in
Uftawa

® 300 Tpd plant in Red Dear County
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Europlasma - Technology Status

- Vitrification of Incineration residuss, Canomn,
of plasma technology for Framce
al_:l_li I v .
waste destruction (vikrificakion)
32 Europlasma torches delivered
far various applications in metal
Industry and hazardous waste
destruction

J uniper

FLABMA
Drying Zons CLEAMING 5¥MGEAS

BErgas at 100
faar @ gy EradEt ke

OLASIF I ATHY
VERHEL
Forslier

A yeled Heatm — el Gasificatkon Zone
Fisshimr i

s s oy o

Fecyoled Haar
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Fuishner

Ginns endl product
ro e mold

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



158 Plasma conversion of waste and biomass - a new solution?

InEnTec - Technology Status

Flasma gasification technology
developed in the mid 1990's on
the back of DOE sponsored
research at MIT and Battelle Labs.
IP owned by Oregon based,
InEnTec

Exclusive licence agresment
Kawasaki Heavy Ind. to market
and operate in lapan

i commercial plants In the USA,
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Range of capital cost data
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Slagging
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Close-coupled
gasification
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Source: Jumiper database

Newer roles for plasma technology N [

@ sustainability objectives include the reduction of CO,
emissions by:
= displacement of fossll fuels
» jncrease in thermal efficiency
» conservation of exergy
® biomass utilisation:
» forestry residue
*  agri-wastes
r  Jood wasles
* energy crops
¢ waste utilisation as a resource (fuel):
residual MSW
SRF
commercial waste
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Technology challenges

Syngas cleaning & upgrading
@& Tar control
® H.S and COS removal
® Trace metals removal
® Alkali compound control

® Particulate removal

Front-end processing

® shredding, drying at high levels of reliability / least cost

Modular / standardised design

® to lower unit cost

Cptimisation of scale
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Examples of some announced projects Juriper

Alter NRG
» Co-development of waste/biomass to ethanol with Coskata
» Plasma gasification — Coskata bioreactor

« Equity stake in Coskata taken by Genearal Motors

Europlasma

« Involved in Clean syngas projact development

InEnTec
* 10 vear agreement with Fulcrum Bioenergy
Sierra Biofuels - 90 kTpa MSW — 10.5 x 10° gallons ethanal

Announced waste — methanol plant in Puerto Rico

Author’s address:
Dr. Egan Archer
Juniper Consultancy Services

Phone: +44 1452 770078

archergjuniper.co.uk

Email:

Web: www juniper.co.uk
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Recovering biowastes from municipal waste to land:
maintaining public confidence through regulation

Dave Purchase

Environment Agency, Bristol, UK

Abstract

This paper explains how the Environment Agency is developing its approach regulating
the recovery of compost-like output (CLO) derived from the mechanical, biological
treatment (MBT) of mixed municipal solid waste. This is currently the focus of our
attention on the recovery of a range of organic wastes. The paper gives the author’s
current answers and views on the following questions’:

What is MBT CLO and how can it be used?
What are the problems with its use and the restrictions that are imposed?

What is the position of the Environment Agency on sustainable use of biowastes and
the use of MBT CLO on agricultural land?

What is the demand, and how much CLO is there?
What are the risks and how are we regulating them?
How will we improve the evidence?

This approach is driven by the belief that we can only increase public confidence in the
recycling of biowastes if we actively maintain public confidence in how we regulate
those risks.

Keywords

MBT, CLO, mechanical-biological treatment, compost-like output, bioresources, MSW,
mixed municipal solid waste

' The reader is assumed to be familiar with MBT technologies and their outputs and uses, and the various
permits that may be needed at each stage. Information on permits is available on the Environment
Agency website: http:/www.environment-agency.gov.uk>business and industry >Environmental
topics>Environmental permitting.
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1 The resource: MBT CLO

1.1 What is MBT CLO?

We use the umbrella term compost-like output (CLO) or grey compost to describe the
separated and treated biowaste from mixed municipal solid waste (MSW) after it has
been biologically treated and stabilised (using anaerobic digestion and/or aerobic
composting) through a mechanical-biological treatment (MBT) process.

This differentiates these biowastes from source-segregated organic waste streams such
as green compost and anaerobic digestates. These are regulated under the lighter
touch approach of exemptions and are defined as resources when they are certified
under approved quality protocols.

There are a variety of components in mixed MSW and different processes of
mechanical-biological treatment (MBT) resulting in the variable composition and quality
of compost-like outputs (CLO) from the range of MBT plants in England and Wales. For
this reason, the Environment Agency regards CLO from MBT of mixed MSW as a
recovered waste that poses higher risks than other biowastes spread on land.

The environmental permitting regulations in England and Wales, excludes the use on
agricultural land of compost like output (CLO) derived from non-source segregated
wastes from the lighter touch approach of exemptions. They can be used on non-
agricultural land that has been previously developed for the purposes of providing either
an agricultural benefit or an ecological improvement.

The Association for Organic Recycling published its report ‘The State of Composting
and Biological Waste Treatment in the UK 2006/7’ in February 2009. From this we know
that: In 2006/7 about 77,500 tonnes of mixed MSW went to biological treatment in the
UK. As a proportion of the total mixed wastes going to biological treatment (MSW and
non-MSW) this has reduced from almost 100% to about 56%. It is estimated that about
86% of this mixed MSW is the biodegradable waste that MBTs sort, separate and treat
(about 66,900 tonnes in 2006/7).

From the information we have, there are about 28 MBT plant we can identify as
operating, under construction or planned. Of these, about 11 produce or are planned to
produce CLO. This is currently going (or is planned to go) to landfill, land recovery or as
a refuse-derived fuel.

There are many different processes that may be combined in different ways to recover
CLO from mixed MSW. These are under ongoing innovation and development. They
include physical processes (trommels, mechanical and magnetic screens, air knives,
percolators, filters, presses); heat treatment (autoclaves, pyrolysis) and biological
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treatment (anaerobic digestion, in-vessel composting and aerobic composting). The
mixed waste that goes through these processes and the resulting biowastes, are also
sensitive to changes in collection strategies and practices. These biowastes vary over
time, depending on the content of MSW, the MBT processes.

1.2 How much CLO is there?

The amount of mixed MSW being processed through MBT plant and the amount of CLO
being produced is due to rise sharply as new plants come on line. These will tend to be
larger, more complex plant with a wide range of physical and biological treatment
processes, in the capacity range of 150,000 to 200,000 tonnes MSW per year producing
CLO in the range of 90,000 to 120,000 tonnes per year. We estimate that in 2010
there will be a ten-fold increase in the amount of CLO produced in England and Wales
over the amount for 2006-7, to about 650,000 tonnes. We believe that this is likely to
rise to between 900,000 and 1,800,000 tonnes of CLO per year by 2020.

Some local authorities in England and Wales, and operators who have MBT and CLO’s
as a significant part of their waste strategies, are investing heavily in improving their
processes. This is not only by developing complex or more sophisticated technologies,
but also through simpler approaches. These include; source separation of batteries to
reduce lead content, handpicking and other soft segregation at the front end and
introduction of aerobic processing at the backend to break down chemicals such as
triclosan.

1.3 How can it be used?

The current options are:

e Landfill disposal as stabilised waste

e Soil conditioner and nutrient source for landfill recovery, the recovery of
previously developed non-agricultural land, and (subject to the restrictions
discussed later) agricultural land

e Refuse-derived fuel

Landfill disposal as stabilised waste is not strictly a use so much as a means of
satisfying the criteria for landfill under the Landfill Directive. It may be an option for
reducing carbon dioxide and methane emissions, since the carbon content of the waste
may have been reduced through generation and capture of biogas during anaerobic
biological treatment and stabilisation. However, it does not satisfy the current criteria for
a reduced rate of Landfill Tax. It is the lowest in the hierarchy of waste options, but it
may be where most is currently going in England and Wales.
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The most commonly chosen options appear to be the use of CLO as a soil conditioner
and nutrient source for landfill recovery, for the recovery of previously developed land,
and as a refuse-derived fuel. Biogas is recovered from the anaerobic biological
treatment processes and used as a fuel. Another option that is used in Europe and
being developed in the UK is the integration of MBT and CLO into a wider Combined
Heat and Power (CHP) option for a cradle to grave strategy.

No CLO is currently being used on agricultural land in England or Wales, although in
principle it could be under an appropriate permit. | discuss this later.

1.4 What are the benefits of using CLO on land?

They are advocated as its value in:

1. Improving soil condition

2. Increasing soil nutrients

3. Diverting biodegradable wastes from landfill
4. Reducing use of fertilisers

5. Contributing to soil organic matter

Producers of CLO call their products by a variety of terms, intended to remove the
negative connotation of waste; for example, organic matter amendment (OMA),
stabilised organic fraction (SOF) and organic growth medium (OGM). Operators of
higher end MBT plant state their CLO is similar in composition to treated sewage sludge
(biosolids) and green compost, with comparative metal content.

2 Potential risks of using MBT CLO on land

2.1 What are the problems?

We don’t know enough about the quality and variability of the waste that goes into MBT
and the biowaste that comes out of MBT. This means the risks to the environment and
human health are also unknown. This includes direct and indirect risks to soil quality
and sustainability, ecology (including plant and animal health) the food chain, water
quality and the quality of life.

It is commonly observed that: ‘anything can go into municipal solid waste’. As
discussed earlier, numerous variables can also affect biowaste quality from an
individual plant over time.

We need improved data and evidence, but industry research tends to focus on the
benefits of CLO, while as regulators we are more concerned with the potential
contaminants and their risks. There are things we need to know about CLO before we
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can develop our knowledge of the risks when spread on land. These include the
contaminants that are currently addressed for sewage sludges recovered to land and
under the quality protocols for green composts and anaerobic digestates; that is, levels
of specified nutrients, physical contaminants (glass and plastic), metals and metalloids
and pathogens. Our analysis suite for MBT CLO also includes organic pollutants that
are likely to be part of the mixed MSW composition and of the resulting CLO.

Our evidence is that levels of some contaminants can be highly variable in a given CLO,
and that there are potential risks, for example from Zn, Cr, Cd and some micro-
pollutants, triclosan, benzo-a-pyrene and several phthalates. We are paying particular
attention to these.

2.2 What are the restrictions?

Land spreading of wastes is carried out under exemptions in England and Wales, and
has to be for agricultural benefit or ecological improvement. Exemptions are available
for low risk land spreading, with standard permits for low to medium risk activities and
bespoke permits for medium to high risk activities.

Exemptions are being reviewed by the UK government. From later this year they will
only be available for a restricted range of low risk operations including small amounts of
landspreading of certain wastes. Standard permits will be used for low to medium risk
activities. MBT CLO is not source-segregated, so it is excluded by the regulations from
the option to spread it to agricultural land under the proposed new exemptions. It could
only be used for spreading on agricultural land if a permit were to be issued. Since we
regard CLO as a higher risk waste for use where contaminants could enter the
foodchain or water, it would have to be a bespoke permit.

We are proposing a standard permit for spreading certain wastes to non-agricultural
land, since we consider the risks to be lower. These wastes will include CLO.

3  What is our position on the use of MBT CLO on land?

Our overarching position on biowastes is given on our website at
http://www.environment-agency.gov.uk/research/library/position/41227 .aspx.

The key elements are that:

1. We believe biowastes should be treated and recovered to maximise their benefit
as a resource, while minimising their impact on the environment.

2. We want a more coherent and integrated approach to management and disposal
of biowastes, linked to waste strategy and land use planning.
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3. We prefer separation at source. This has clear advantages over mixing of
wastes.

4. We recognise that source segregation of MSW is not always practicable, but
local authorities and operators should bear in mind that lack of separation will
limit their options for re-use of the outputs.

We have published a more specific position on the use of MBT CLO for agricultural
land, at http://www.environment-agency.gov.uk/research/library/position/41227.aspx.
(This is the same url as above)

This states that we do not believe CLO should be applied to agricultural land used for
growing food or fodder crops, or any land that is likely to grow food or fodder crops in
the future. We are concerned with minimising and managing the risks of:

1. Chemical contamination
. Physical contamination

2
3. Longer term, cumulative risks to environment and sustainable use of land
4

. Unreliability of the quality of CLO (and/or data on that quality) coming out of MBT
processes

5. Our current lack of good, necessary and sufficient evidence on those risks

4 What is the demand to spread MBT CLO on agricultural
land?

41 Who wants to do it and why?

The UK government has specifically excluded non-source segregated wastes from the
remit of exemptions for spreading on agricultural land, because of the relatively higher
risks. The government (and the EU) are reviewing the evidence on current standards for
sewage sludge, which have been the basis in England and Wales for regulating
standards for other biowastes and for PAS100 and PAS110 protocols. Some limits may
become more restrictive, and the available land could be considerably restricted.

MBT is a key feature of a number of local authority waste management strategies;
mainly for use as a refuse derived fuel. CLO is of interest in land use, development and
planning and represents a business opportunity for operators. But the waste
management industry and local government should take into account the costs and
burdens of pursuing this option for the use of their MBT CLO.

Although any future increased use of CLO on agricultural land may please local
authorities who have invested in MBT plant or who have included MBT plant
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construction in their waste strategy, other stakeholders may not be as happy and may
see it as direct competition for their product.

For example, land owners and developers have been using MBT CLO for the recovery
of previously developed or brown field land for some years, generally as single or
limited applications under exemptions, to establish an ecology or land suitable for
planned use.

Farmers generally apply organics in repeat applications, on an annual or biannual basis,
under exemptions.

No farmers or operators have yet applied for a permit to spread MBT CLO on land and
a demand from farmers has yet to be demonstrated. The size of such a market against
that for all the organic resources spread to land is relatively very small (less than 1%)
and the proportion of available agricultural land that could be affected is small
(hypothetical maximum of 0.4% rising to 1.1% by 2020).

Such a market will be sensitive to market prices for soil conditioners and fertilisers, and
the farmers’ needs for agricultural benefits or ecological improvements, balanced
against their desire to protect and enhance their land and the marketability of their
produce. They will need to be convinced about the quality of CLO before using it.

They may also think it is unnecessary to produce an additional source of nitrates when
a large proportion of farmland lies in Nitrate Vulnerable Zones and farmers have to store
sewage sludge due to spreading restrictions.

Retailers are the missing link in the creation of a market for CLO for agricultural land.
They will be critical to the demand for CLO by farmers, and rigorous on the potential
contamination of food. The grocery and food production sectors will also question the
quality and standards of animal fodder and food grown on agricultural land in England
and Wales where CLO has been used. There may be extra sensitivity in the light of
issues in 2008 in Ireland and NI with dioxin contaminated cattle and pig feed.

One of the hats we wear is as members of the public. However, that hat comes in many
colours, styles and sizes. As members of the public our confidence and attitudes
regarding MBT CLO on land will be sensitive to our particular situations and interests,
and to how we perceive and understand the risks. Those concerns will often be
modified or mediated by interest groups and, critically, media reports.

Our position has been (and remains) that CLO should not be spread on agricultural
land. As | shall describe below, we are prepared to consider applications for strictly
controlled trials for a specific operator spreading a specific CLO at a specific site on
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specific soil. However, the media may see this as opening the floodgates to CLO use on
agricultural land.

Consequently, they may take issue with any of the following:

1. Contaminants — like metals and organic pollutants;
2. Odour, bioaerosols, and methane emissions;

3. Soil quality — now and in the longer term — and the suitability of land that has
been spread with MBT CLO in the past for growing food for human consumption;

4. Health of animals grazing the land;
5. Health of humans consuming food grown on the land; and

6. Other risks to the environment.

4.2 How much is there and how is it being used?

MBT CLO is currently a very small proportion of the market. The 650,000 tonnes of
MBT CLO that we estimate will be produced in 2010 would constitute only about 0.6%
of the approximately 100 million tonnes of biowastes estimated currently spread to land
(the greater proportion of which are biosolids from sewage sludge treatment). By
comparison, in 2006-07, 1.15M tonnes (53%) of source-segregated compost products
went to agricultural use. This had doubled in four years. [ASSOCIATION FOR ORGANIC
RECYCLING, 2009]

Land availability is a key issue. We estimate there are about 5.5 million hectares of
agricultural land available. No CLO is currently going to agricultural land, but
hypothetically, if all the CLO produced were to go to agricultural land (assuming a rate
of 30 tonnes of CLO per hectare per year) then this would cover about 0.4% of the total
available land in 2010, rising to between 0.5% and 1.1% in 2020.

5 Improving the evidence on the risks of MBT CLO

5.1 Do we know what we need to know?

We do not yet know enough. The Environment Agency is a modern, better regulator,
risk and evidence-based, but firm, fair, flexible and proportionate. We want to work with
industry to develop the evidence needed to determine where this waste stream should
be spread. But we are also mindful of the risk to public confidence in the recovery of
biowastes and its regulation if we are perceived to have got it wrong on MBT CLO.
While scientific trials are underway, we will continue to maintain a protective approach.
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It is our aim to ensure that operations are permitted and carried out on the basis of the
best available evidence.

5.2 How will we improve the evidence?

We are an evidence-based regulator. But the best evidence we have is too general,
non-specific, unclear and unreliable to merit a review of our position on the use of MBT
CLO on agricultural land.

We recognise that technology is developing and in recent years, the quality of CLO from
some MBT has improved as regulation has driven better processes. There is evidence
that processes can be developed to reduce the risks so that (in certain circumstances)
they can be managed to an acceptable level. We are working with the operators
producing CLO to derive a better understanding of the use of these materials.

We have been developing and improving our risk assessment models. A review of
human health and environmental risks associated with the land application of
mechanical-biological treatment biowastes (ENVIRONMENT AGENCY, APRIL 2009). This
will be published on our website.

We have given permission for a small scale time-limited research study to spread small
amounts of CLO from a specific, high end MBT plant on farmland in Leicestershire,
England. This trial is the first to take advantage of an Environment Agency lighter touch
approach to regulating trials of waste management activities. The small-scale, time-
limited trial will quantify nitrogen release from the organic fraction of MBT residues to
show it has a beneficial effect on crop yield. Up to six tonnes of CLO from the Biffa MBT
plant in Leicestershire will be spread on 0.2 hectares of land during the two- year trial.

We have decided that where there is a genuine trial of a previously untested process
and it would be disproportionate to require an environmental permit, we will permit land
spreading. We are not inclined to issue permits for use of an area of land for spreading
MBT CLO, where this land is or is likely to be used for food or fodder crops. But we are
exploring a middle way with industry and government.

On this basis, we will consider applications for large-scale trials subject to defined limits
on capacity and rate of application of a defined CLO to a defined area of land. (Our
requirements are described later). There will be costs, risks, and burdens to be borne by
the operator and potentially by the farmer or landowner that need to be recognised. We
do not guarantee the success of an application, but we will consider each application on
its merits. Good assessments and good, reliable and applicable evidence will be key.
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5.3 Research

Defra is contracting research into levels and limits for metals in soils, and into attitudes
towards biowaste recovery to land. WRAP (Waste Resource Action Programme)
provides useful data and reviews and reports on the reduction, recovery and use of
biowastes, as well as (with ourselves) the Quality Protocols for composts and anaerobic
digestates. The Environment Agency is continuing its research into risks and risk
assessments. This includes a sampling and analysis programme involving a number of
operators producing MBT CLO.

The waste management industry is generating research and collecting evidence
through organisations such as the Sustainable Organic Resources Partnership (SORP),
the Association for Organic Recycling (AFOR), and the BioCompost Alliance.

5.4 Europe

We have published a review of the use and application to land of MBT compost-like
output and current European practice in relation to environmental protection
(ENVIRONMENT AGENCY, MARCH 2009). This presents a confusing picture, and it is
difficult to draw any conclusions.

CLO from non-source segregated MSW has been applied to agricultural land in a
number of EU countries, but we have found that there is no uniform system for setting
compost standards and these can vary significantly from one country to another. So far
it has not been possible to obtain useful data to apply to such applications in England
and Wales. The composition of MSW and CLO, soil conditions and qualities and
environmental factors vary geographically and there is no large-scale field evidence
directly applicable.

5.5 How will we regulate large-scale trials?

We are in discussion with an MBT operator and are expecting an application for a
permit to carry out a trial of a large-scale application of the CLO from their plant to a
farm. The scale of the operation is under discussion. As for all applications we receive,
applications for such trials will be considered on their merits. They will have to be
specific to the CLO, the site, the parameters of use of the CLO and the crop type and
use. The permits will be bespoke and the operator's assessments will need to be
detailed and specific. We will require rigorous management and detailed quality assured
sampling, monitoring and analysis. We will require submission of data and defined
reports on the progress and outcomes of the trial, to inform a review of that permit and
of our approach.

It is not a simple task for operators to apply for a permit to trial use of their CLO for
agricultural purposes. It will incur significant time and resources, without the guarantee
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of a favourable outcome. We will use the information from such permitted trials to
improve the evidence base, our strategic advice and our regulatory approach for MBT
CLO.

5.6 Why limit the amount and area?

We do not have enough good evidence to permit any operational spreading on a
commercial scale on land where potential contaminants could enter the food chain. We
need a defined and enforceable line where the EA and the operator can take stock, and
we can weigh the evidence openly and transparently before taking the next step. We
are currently developing the detail of how we will apply these limitations through the
permit conditions.

5.7 What will we require from the operator?

The permit conditions and guidance will provide equal opportunities for operators. Our
standards are high but proportionate to the need to improve the evidence, while
protecting the environment, animal and human health and maintaining public
confidence.

The permit will require the operator to:

1. Closely manage the operation
2. Provide extensive and detailed information and assessments

3. Protect human health and the environment, ensuring long term sustainability of
the soil is not compromised.

4. Restrict use of the crops to prevent harm to animal or human health

5. Monitor and assess the soil and crops until the permit is surrendered, against
appropriate criteria and assessments

6. Report on defined outcomes

We will use the information from trials to improve the evidence base, our strategic
advice and our regulatory approach for MBT CLO and other higher risk recovered
biowastes.

6 Key messages

We are working with industry, but we are working for the environment, the public and
the government of England and Wales.

We believe that MBT is an area where regulation is having a positive effect in driving
improvement of the technology and processes, but also, more fundamentally, in
reviewing options for resource use and recovery.
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We are a modern regulator and a better regulator. We support and observe the
Regulators’ Code of Practice. We are working to improve the way we regulate the
recovery of biowastes (like CLO) and organic resources (like green compost). MBT
CLO is a key example of the options for biowaste recovery. Our regulation needs to be
robust and flexible to protect the environment. Our level of knowledge is growing but
until we know what is safe and what is not, we are taking a protective, evidence-based
approach.

We acknowledge it is not an easy task for operators to apply for a permit to trial their
CLO for agricultural purposes. It will incur significant time and resources, without the
guarantee of a favourable outcome. But it will also take Environment Agency resources
to regulate trials.

The burden of proof is on the operator to provide evidence regarding their CLO and
each site and use. That burden is not light, nor should it be at this stage, but it will have
to be borne if we are to maintain public confidence in the use on land of biowastes in
general and MBT CLO in particular.

We can only increase public confidence in the recycling of biowastes if we maintain the
confidence of the public in how we regulate.

7 Literature referenced
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Abstract

One possible output from a Mechanical Biologiocal Treatment (MBT) process is an or-
ganic fraction referred to as MBT compost, which is distinctive from source segregated
green waste compost and may either be landfilled as a biostabilised material or potenti-
ally used in a number of applications on land. Within the current regulatory framework in
the UK the most significant land-based outlet for MBT compost in the UK is likely to be
previously developed land (PDL). If MBT compost is to be successfully and sustainably
applied to PDL over time, there is a need to assess the potential environmental and
human health risks of such an activity in a proportionate and robust manner. Such an
assessment would provide a clear framework through which informed decisions could
be made by both environmental regulators and the regulated community alike. This pa-
per will describe the potential scale of future MBT compost production in the UK and
potential applications for the material on PDL, as well as approaches to the assessment
of the degree of risk involved in doing so.

Keywords

MBT, compost, Previously Developed Land (PDL), risk assessment, market opportuni-
ties

1 Introduction

Mechanical Biological Treatment is an umbrella term that applies to many processes for
the treatment of residual waste that use some form of mechanical separation to refine
the feedstock either before or after some form of biological treatment, such as compo-
sting or anaerobic digestion. There are several possible biological outputs from such
processes, one of which is an organic fraction referred to within this paper as MBT
compost. This is predominantly organic material derived from mixed waste feedstock
and subjected to biological treatment (composting, in-vessel composting, anaerobic di-
gestion, or possibly a combination of these) as part of an MBT process. The resulting
organic fraction may either be landfilled as a biostabilised material or used in a number
of potential applications, such as landfill engineering (daily cover or capping for exam-
ple) or the management of previously developed land (PDL). The use of MBT compost
(or any other organic material) on PDL could be for two principal end goals. First, it
could be used to reduce the risk of any physical loss of contaminants present within a
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site migrating beyond its boundaries by improving soil quality, making it more stable and
potentially improving the short to medium term sorption capacity of the soil. Alternative-
ly, in cases where PDL is less contaminated and/or is situated in a suitable location,
MBT compost could be used to restore the land to a beneficial end use, which might
include a recreational facility such as a country park, or a commercial activity such as
non-food crop production, or a combined site with commercial and recreational areas.

While other recreational land uses, such as parks and golf courses, or new infrastructu-
re such as earthworks for roads, railway lines and airports, agricultural and horticultural
applications, or biological applications such as plant pathogen control may provide an
outlet for MBT compost in the future, previously developed land remains the most signi-
ficant and most realistic outlet for MBT compost. While MBT compost would provide a
cheap and plentiful source of organic carbon for soil of generally poor quality (in most
potential applications), concerns exist over its quality and consistency, particularly in
relation to physical and chemical contaminants in the material.

If MBT compost is to be successfully and sustainably applied to PDL over an extended
period of time, thereby providing a reliable alternative to landfill for this material and a
source of organic matter for the land, there is a need to assess the potential environ-
mental and human health risks of such an activity. Such an assessment would provide a
clear framework through which informed decisions could be made by both environmen-
tal regulators and the regulated community alike.

This paper will describe the potential scale of future MBT compost production in the UK
and potential applications for the material on previously developed land, as well as ap-
proaches to the assessment of the degree of risk involved in doing so. It will collate in-
formation on potential hazards in MBT composts, along with possible pathways and re-
ceptors and suggest how these might be applied in deriving generic risk based criteria
for the use of MBT composts on PDL. A practical and proportionate screening risk as-
sessment methodology for the identification of potential risk for several exposure scena-
rios and receptors will be discussed. This methodology moves beyond the limited histo-
ric view in the UK that only considers a few trace metals detailed in sewage sludge re-
gulations. Uncertainties, assumptions and information gaps will be highlighted.

2 What is MBT compost and how much of it is there?

The term MBT compost describes organic materials that have been derived from mixed
municipal solid waste (MSW) feedstock and processed by some form of Mechanical
Biological Treatment (MBT) to produce an organic-rich fraction. MBT is a term that can
be used to describe numerous processes, or combinations of processes. The only
common factors between all of them are:
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e They treat mixed waste.

e They contain some form of mechanical separation of unwanted inorganic ele-
ments, like fragments of metal, glass and plastic, such as screening, ballistic se-
paration and magnets, for example

¢ Mechanical separation takes place either before and/or after treating the organic-
rich fraction using a biological treatment such as composting or digestion.

The feedstock used in these processes is largely household waste, with a small propor-
tion coming from commercial and industrial units; due to urban and rural locations, diffe-
rent seasons and the efficiency of recycling schemes within the area this feedstock can
be widely variable throughout the year. As a result of the variation in the initial feedstock
and the range of processes classed as MBT, there is considerable variation in quality
both within and between the organic amendments collectively known as MBT compost.

MBT composts should not be confused with green waste composts produced from
source segregated material. Green waste composts that comply with PAS100 or the
compost Quality Protocol (WRAP 2006) can be used as garden-based growing media
and soil improvers, and for commercial horticulture and agriculture (WRAP, 2007a,b).
Such opportunities are not realistically open to MBT composts but finding alternative
end uses for these materials, that are genuinely sustainable in the long term and do not
compromise environmental quality would allow for the diversion of significant quanities
of material from landfill, aiding compliance with the Landfill Directive (EU, 1999).

In order to place MBT compost into a wider context of land and waste management so-
lutions, it is necessary to have an estimate of the likely quantity of material that will be
produced in the future. Two estimates have been derived; one based on the capacity of
operational and planned MBT plant in the UK, the other based on national data on mu-
nicipal waste arisings and waste management.

In the last five years MBT has gone from being a potential waste management solution
to an actual solution in the UK. Several plants are now operational, others have been
commissioned and yet more are in the earlier stages of development such as PFI nego-
tiations (references). The total estimated input capacity of MBT plants either in operati-
on or under construction by local authorities at the end of 2008 was in excess of 3.1
million tonnes per year by 2010, assuming all projects come to fruition. This may be a
conservative estimate, as further plants are now under consideration. However it may
also overestimate MBT compost production, as there is increasing production of Solid
Recovered Fuel (SRF) rather than MBT-compost due to greater market security for the
otput and uncertainty over the development of future markets (Bardos & Chapman,
2008; Environment Agency, 2008).
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Previous research has suggested that around 35% of a typical input waste stream for a
MBT plant would be processed by composting, if most of the paper content were treated
by energy from waste (Bardos 2005). The composting process typically reduces the
volume of material to 60% of the input weight, which leads to an estimated MBT-
compost yield of 21% of the input volume. On this basis an input of 3.1million tpa of
residual waste to the MBT process would result in MBT-compost production of 650,000
tonnes per year by 2010 (Bardos & Chapman, 2009). However, the highly variable con-
figurations of MBT plant, the principal outputs produced (i.e the plant could be configu-
red for Solid Recovered Fuel or stabilised biowaste production, rather than MBT com-
post), and natural variation in feedstock mean that the figure of 650,000 tonnes per year
is probably an overestimate.

In comparison, WRAP (2006b) suggested in a recent meeting report that 3.6 million tpa
of compost from source segregated sources could be being produced by 2010. In fact
the 2006/7 survey of composting in the UK (Afor, 2008) reported that this figure had
been reached. In the same year approximately 87,000 tonnes of anaerobic digestate
was produced from source segregated feedstock, while the amount of mixed waste
composted by MBT was estimated at 140,000 tonnes for 2006/7 (Afor, 2008). This ma-
terial was either distributed at no cost, used on site or on sites owned by the producer,
or disposed of to landfill. Thus although MBT-compost will be produced in significant
quantities in the near future, the scale of production will be comparable to or less than
the production of other forms of waste-derived organic matter.

3  The extent of Previously Developed Land in the UK

The term Previously Developed Land (PDL) has been defined as ‘land that was devel-
oped but is now vacant or derelict, or land currently in use with known potential for re-
development (DCLG, 2007). Previously Developed Land encompasses sites that have
been affected by former uses of the site or surrounding land and are derelict or underu-
sed. Generally they are urban or semi-urban areas and would require intervention to
bring them back to beneficial use; in addition they may have real or perceived contami-
nation problems. Some sites may have remained unused for long periods because they
occupy a very large area or they are relatively inaccessible by road or are inappropriate
for a hard development or otherwise unsuitable. There may be little economic incentive
to regenerate the areas affected. In the UK a proportion of this marginal land has been
managed with “soft” restoration, for example for amenity use such as “country parks”
(recreational areas in rural or semi-rural locations). The amount of land that remains
degraded over the long term is a matter of concern as the degradation continues to
blight local populations, and there are strong quality-of-life, social and political argu-
ments for some form of action.
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Redevelopment of PDL is usually categorised as “hard” or “soft”. Hard end-use refers
to built redevelopment. Soft end-use describes non-built end-use. Soft end uses can
either non-commercial (e.g. in the amenity, landscaping and habitat sectors) or com-
mercial (e.g. non-food crops). The Department of Communities and Local Government
produced a survey of previously developed land in 2006 (DCLG, 2007). The main con-
clusion was that there were 62,700ha of previously developed land, of which 34,900ha
(55%) were vacant or derelict (as opposed to in use with scope for rehabilitation). Note
that this figure includes more than just long-term derelict land: a survey by English Part-
nerships (2003) estimated the scale of long-term (i.e. longer than ten years) derelict si-
tes greater than 2ha in size at 16,523 hectares. There is no dataset to estimate the total
area of long-term derelict sites that are less than two hectares. However, anecdotal evi-
dence from Local Authorities suggests that the unrecorded land area occupied by such
sites could be up to ten percent of that occupied by those above two hectares. This
would indicate approximately 1,700 hectares in this category, making an estimated total
of 18-20,000ha of long-term derelict land in England. In a European context it is forecast
that the number of brownfield and potentially contaminated sites across Europe is ex-
pected to grow, making brownfield land a significant and ongoing land management
issue for the foreseeable future. This represents a significant financial burden that will
largely be the responsibility of Local Authorities in which these areas exist.

4 Existing guidance on the application of MBT compost in
the UK

Existing guidance supports a risk based use of MBT composts on PDL. There are two
environmental frameworks to be considered: the application of MBT compost to land
under the Environmental Permitting regime and the management of land affected by
contamination:

1. The Environmental Permitting (EP) programme, introduced in 2008, streamlines and
combines Waste Management Licensing (WML) and Pollution Prevention and Con-
trol (PPC) legislation under a single environmental permit (Defra, 2008). A waste
management operation (including recovery operations, such as use on land) may
take place under a standard permit, with an exemption or with a bespoke permit de-
pending on the degree of risk in each case. A standard permit has standard rules,
with which the permit holder must comply. Bespoke permits have conditions that are
set specifically for an individual facility or activity. The use of MBT composts on land
would require either a standard or bespoke permit.

2. PDL may also be land affected by contamination, in which case the suspected quali-
ty of the land itself will trigger a risk assessment. Typically the initial risk assessment
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is generic, with site investigation and quantitative risk assessment being carried out
if the initial appraisal indicates a need. Good practice is described in the Model Pro-
cedures for the Management of Land Contamination Contaminated Land (Defra &
Environment Agency, 2004).

Hence for previously developed land, MBT compost applications need to be considered
in a risk assessment framework. In this context it would seem appropriate that criteria
used for generic risk assessment for organic waste applications are linked to risk as-
sessment tools developed for land affected by contamination, such as the Soil Guideline
Values (SGVs), rather than the current approach which is related to guidelines for the
use of sewage sludge on agricultural land. A significant step forward in deciding how to
tackle risks to the environment from compost addition might be to reach a consensus on
what constitutes “harm” or “damage”, along with guidance on how sources, pathways
and receptors can be appraised. It is possible that such a consensus might enable a
broader range of applications of MBT composts than is currently available.

5 The potential hazards in MBT compost

In common with other waste derived organic materials, the use of MBT-compost may
cause undesirable impacts which may affect human health, the intended application
and/or the wider environment. Principal concerns relate to risks from chemical and vi-
sual contaminants, plant nutrients, impacts on soil (pH, conductivity and redox conditi-
ons), partially degraded (immature) composts and the effects caused to plants growing
in them. The severity of any impact is related to the composition of the organic matter
added, the requirements of the soil and its application and the sensitivity of the land, for
example its proximity to water resources and its capacity to buffer inputs such as nitro-
gen and phosphorous.

5.1 Potential biological hazards

Many plant pathogens are destroyed during the composting process although some
parasitic organisms may persist (Noble & Roberts 2003). Human and animal pathogens
are likely to be rare or absent in properly made and matured composts derived from
MSW, produced in accordance with the Animal By-product Regulations (Defra 2006a).
Work by Dimambro et al (2007) showed that levels of fecal coliforms and E. coli in two
types of MBT-OM were comparable with those in composts made from source
segregated organic materials and better than many. In both cases the level of E. coli
was lower than the PAS 100 criterion (there is no PAS100 criterion for fecal coliforms
and salmonellae were absent from all samples tested).
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5.2 Potential chemical hazards

Levels of many trace elements, in particular arsenic, cadmium, copper, lead, and espe-
cially zinc, tend to be elevated in MBT-compost compared with soils. There are several
reports that regular application of MBT-compost to land leads to accumulation of trace
elements in the topsoil (e.g. Jobbagy & Jackson, 2004, Zhang et al., 2006), although
findings about the potential effects of these trace elements to plants, soil and animal
health are not consistent. Due to the source mateial MBT composts may also have ele-
vated concentrations of a range of pthalates, PFOS and biocides such as triclosan (un-
published data).

Some authors believe that such pollutants do not pose a significant risk, while others
suggest that MBT-compost should not be used as a precautionary measure (Groenveld
& Heébert, 2003). Amlinger et al (2004) recommend restricting the use of mixed waste
compost to limited non-food areas such as land reclamation of brownfields and surface
layers on landfill sites or on noise protecting walls beside roads or railways. Conversely,
Smith (2009) argues that the application of source segregated and MBT composts to
soil does not necesarily increase the availability of heavy metals or lead to phytotoxic
effects.

The content of plant nutrients in MBT-OM, as well as the effect it has on pH, redox and
soil conductivity from the content of cations such as potassium, sodium and calcium and
anions such as nitrate and chloride, can have negative as well as beneficial impacts. Its
content of nitrogen and phosphorous may migrate to surface and groundwater depen-
ding on their environmental availability. This is a particular issue in sensitive areas such
as Nitrate Vulnerable Zones (NVZs) and Groundwater Protection Zones (GWPZs). The
significance of the discharge will depend on the river ecology, its capacity to withstand
discharges and the scale of the discharge. Organic matter addition is seen as the over-
riding benefit of MBT-compost and compost addition for soil improvement. However, the
organic matter addition itself may carry a risk of undesirable impacts, including the ge-
neration of gas from MBT-compost used as fill material, reduction in soil oxygen by de-
composition processes (Inbar et al., 1990), phytotoxic effects from immature composts
(Ozores-Hampton et al, 1998) and the removal of plant available nitrogen during the
decomposition of high C:N ratio MBT-compost in soil (Janssen, 1996)

As well as the concept of risk to the environment from the potential contamination in all
composts and sludges, closer consideration will also have to be given in the future to a
broad range of potential impacts on soil, groundwater and water as a result of:

e The expanded scope of the Nitrate Directive

e The implementation in the UK of the Water Framework Directive and the
Groundwater Daughter Directive
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e Developments in soil protection policy

e Concerns over potential impacts from organic pollutants (e.g. endocrine disrup-
ting substances)

5.3 Potential physical hazards

Depending on the substance in question, inert materials such as stones, glass, metal
and plastic pose a variety of problems in compost; in particular the visual appearance of
treated soils may be affected (Mamo et al., 1998) and the potential for harm to wildlife or
domestic animals (via the ingestion of plastics for example (Mays et al., 1973). Other
issues include the presence of sharp items, including shards of metal, glass and cera-
mics, splinters of wood and plastic, needles, pins and blades. These pose a risk of cuts
and grazes during handling (Kendle, 1990) and may also pose a risk to humans and
animals once applied. The elimination of sharps is often a major goal of MBT refining
and processing.

6 Risk assessment

Risk is distinct from hazard. A hazard is an inherent property of a material, such as the
level of contamination it contains: risks relate to the possible impact of those properties
on a receptor such as human health or the environment and is a function of both the
scale of any such potential impact and the likelihood of the impact happening. It may be
possible for risk to be minimised by appropriate management and use.

Risk assessment provides an objective, technical evaluation of the likelihood of unac-
ceptable impacts to human health and the environment. Considerations of risk can also
be used to how best to minimise risk. This process of decision making and its conse-
quent actions are called risk management. Risk management is a process of deciding
how pollutant linkages might be most effectively and efficiently broken, and then under-
taking the actions which have been agreed as necessary. There are three basic ways in
which pollutant linkages can be broken for CLO applications:

e Source reduction, (minimising the content of hazardous materials in CLOs)

e Pathway management (for example using a barrier to restrict the migration of con-
taminants from an applied CLO, say in an engineered highway embankment), and

e Modifying exposure (for example by choosing a future land use where opportunities
for exposure are reduced).

Should a risk be demonstrated the next question is whether it has a significant impact or
not. What constitutes harm to receptors like human health, soil ecology, ground and
surface water is controlled in large part by political considerations about what it is rea-
sonable to expect to achieve, balancing environmental considerations against social
and economic constraints. What is acceptable depends on whether the regulator takes
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a multi-functional approach to how soil is used (i.e. that any soil can be used for any
purpose) or a view related to its use. For example, fear of damage to soil function may
be a greater concern for agricultural land than for the restoration and remediation of a
brownfield site. If a site already carries a heavy burden of trace elements, the possible
harm from incremental increases due to CLO addition may not be high compared to the
potential benefits of the CLO use for restoration and remediation (Defra 2006c¢).

6.1 Risk to Humans

Humans potentially exposed to harmful constituents of CLO include those employed in
production and individuals using, visiting or living on CLO treated land. It is also con-
ceivable that pathways such as wind-blown dust might affect humans on surrounding
sites. The principal human health impacts that need to be considered for any soil im-
prover have already been elaborated in some detail by CEN TC 223 (BSI, 1999) and
include toxic substances, pathogens, dust, odour and bioaerosols and/or allergens (par-
ticularly during processing and application) and sharps. These hazards can potentially
apply to any organic materials whatever the feedstock.

Human exposure to soil contaminants can occur via many pathways (Defra & Environ-
ment Agency 2002a, 2002b, 2002c). Direct human exposure pathways of importance
include dermal absorption, inhalation of soil/dust, inhalation of volatilized compounds
and inadvertent soil ingestion (or, in the case of some children, deliberate soil ingesti-
on). Indirect pathways include plant uptake of contaminants followed by ingestion, con-
taminant presence in groundwater/surface water followed by ingestion, and pathways
involving transfers through the food chain. A similar set of pathways can be envisaged
for contaminants in CLOs, and also for exposures to pathogens, and some pathways
could also apply for exposure to allergens. Exposure pathways for sharps are likely to
be those related to direct contact.

6.2 Risks to the Environment

Inappropriate use of organic material on land may have detrimental effects ono soil and
water, to ecosystems and to plants and animals. These risks may be posed by one or
more hazards, such as chemical contamination, plant and/or animal pathogens, inerts,
changes in pH or redox conditions, nutrient loadings (particularly nitrogen and
phosphorous) and conductivity and the effects of organic matter addition (including im-
mature composts).

Transport and migration of certain chemicals including nitrates, phosphates and heavy
metals to water bodies have been widely reviewed (Defra, 2004d; Foster & Charles-
worth, 1996). The pathways are related to the movement of air, water (including en-
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trained sediment) or dust. These pathways also spread contaminants through soil, and
to plants and soil dwelling organisms. The effects of burrowing animals (Smallwood et
al., 1998) and also of plant accumulation followed by leaf litter fall also can spread con-
tamination (Jobbagy, & Jackson, 2004). Animal exposure pathways are likely to be simi-
lar to pathways of exposure for humans, described above, but are not generally well
accounted for in exiosting regulatory frameworks for sewage sludge. In particular it is
important to account for the environmental risks of secondary poisoning from metals
and organic contaminants.

6.3 Approaches to risk assessment

Modern risk assessment needs to consider the sources, pathways and receptors des-
cirbed, but also has to reflect developments in knowledge and understanding related to
contaminants and contaminant behaviour. Traditional approaches to risk assessment,
focused on heavy metals, do not reflect modern understanding of the range and com-
plexity of contamination that can be found in waste-derived organic materials, nor do
they consider the wider impacts of organic contaminants such as PAHs, PFOS, triclo-
san and some flame retardants. Modern risk assessment must reflect modern knowled-
ge and provide a practical, precautionary approach to the application of organic material
to land that reflects the correct balance between the benefits of added organic matter
and the hazards of introducing potential contaminants into the environment.

From a wider management perspective, such risk assessments must fit into broader
considerations of how brownfield land is to be managed in the most practical, sustaina-
ble manner. In part this reflects the environmental risk discussed, but should also take
into account the suitability of the proposed land use, the land to be used, the wider ad-
ded value of undertaking the project and the long term environmental and financial su-
stainability of doing so. This is the approach proposed within the Rejuvenate project’,
applied to the assessment of the suitability of brownfield land to the cultivation of bio-
mass. While this is a specific end goal, it illustrates one apprach to investigating the su-
stainability of land management practices, which incorporates environmental risk as-
sessment as a key stage in the process.

' Rejuvenate includes partners from Germany, the UK, the Netherlands and Sweden and began in Octo-
ber 2008. It is funded, under the umbrella of an ERA-Net (SNOWMAN), by the Department for Environ-
ment Food and Rural Affaires and the Environment Agency (England), FORMAS (Sweden) and Bioclear
BV (Netherlands). The EU ERA-Net SNOWMAN is a network of national funding organisations and ad-
ministrations providing research funding for soil and groundwater bridging the gap between knowledge
demand and supply (http://www.snowman-era.net). It is one of more than 70 ERA-Nets (European Re-
search Area-Networks) funded by the EC's 6th Framework Programme for Research and Technological
Development.
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7 Conclusions

MBT is now an established method if waste treatment in the UK and the number of
plants is expanding. Many of these plants produce MBT compost as an output and this
is likely to become a significant source of organic matter in the near future. The applica-
tion of CLO to land is a realistic outlet for this material and is increasingly likely given
the Environmental Permitting regime and the pressure to divert biostabilised material
from landfill. In this context it is important that the material applied to land is fit for pur-
pose and an appropriate form of risk assessment is required to ensure regulators and
users that it is so.

A particular consideration for all forms of waste-derived organic material will be to move
toward a risk assessment approach that reflects improvements in the understanding of
both the range of contaminants present in waste-derived organic materials and the be-
haviour of chemicals. This increased understanding, including knowledge realating to
chemicals that have not been routinely monitored in the past, suggests that a practical,
precautionary approach to the use of organic wastes to land is required. A secure, ho-
nest, yet flexible form of risk assessment will be a valuable tool for the future. Risk as-
sessment is iterative and provides a powerful methodology to target resources and deli-
ver commercially and environmentally beneficial solutions. Such risk assessments
should fit into a wider planning and management process that considers the suitability of
the proposed land use and the proposed site for the end purpose, as well as the value
added by the change in use and the financial stability of the project as a whole. Land
management and risk assessment starategies have to evolve and historical approaches
to risk assessment
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How to generate soil conditioners from RHR* in order to optimise the recovery of
organic matter

Emmanuel Adler*, Nicolas Fruteau**, Jean-Marie Rebillat***

*ASTEE French Association of Environmental; **UNIA French Association of Agrono-
mists; ***FNADE French Association of Private Industries for Waste Management &
Treatment

Summary

The French Urban Waste Treatment Market is characterised today by the growing de-
velopment of Mechanical-Biological Treatment (MBT) plants producing premium quality
compost recycled to land. In that scheme, Urban Domestic waste collected at the kerb-
side (after selective collection of glass, tin and aluminium cans, batteries, etc.) either
undergoes aerobic composting or anaerobic digestion (followed by secondary compost-
ing in accordance with French Standard NFU 44051 for organic fertiliser substances) to
produce top quality compost for agricultural recycling.

In 2008, over 10% of the 50 million tons of urban waste were transformed in 30 MBT
plants into approximately 3 million tons of standardised compost currently being recy-
cled in agricultural fields.

This paper will describe and analyse the current status of French MBT plants on a tech-
nical basis, providing the regulatory framework for compost management. Various is-
sues will be addressed (partnership between waste processors and downstream com-
post users, the type of MBT technology implemented, flow sheets, etc.) and special em-
phasis will be placed on the environmental benefits of the MBT approach.

* Residual Household Refuse

1 Introduction: the French background to the mechanical-
biological treatment of waste

1.1 Terminology

While, at present, there is no statutory definition relating to the mechanical-biological
treatment of urban domestic waste in France, the concept of MBT is now frequently
used to denote the new generation of aerobic composting plants, with or without
methanogenesis (anaerobic digestion, AD), which converts residual household refuse
(RHR) into fertiliser substances, plus a potential renewable energy outcome with biogas
produced under AD conditions.
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As far as technicians are concerned, the MBT plants — ranging from small composting
units to large factories such as Lille or Montpellier, which produce electricity and soon
vehicle fuels - are a measure of the continuous advancement in the fermentation of re-
fuse, reflected in more than 3 centuries of technological progress.

The concept of residual household refuse (RHR) relates to domestic waste considered
without selective collection of biowaste on a door-to-door basis (kitchen waste, vegeta-
ble waste) and in conjunction with the collection of toxic waste in diverse quantities (bat-
teries, chemical products, etc,) via a dedicated network (waste collection centres, volun-
tary deposit points, etc.).

This last condition is not the less important one as it represents a major guaranty for
compost quality and toxic contamination by heavy metal, dangerous chemicals etc.

1.2 The French statutory framework governing the treatment & re-
cycling to land of organic waste

Major driving force of the waste management market, the statutory framework govern-
ing the management of recycled organic waste in agriculture applies at two main levels:

- on the one hand, the level of Classified Installations for Protection of the Envi-
ronment (CIPE), with technical constraints and requirements developed in or-
der to restrict their nuisance impact (mainly odours emissions)

- and, on the other hand, in terms of the quality of the organic soil conditioning
products, under application of the provisions of the Code Rural which, by
means of industrial standards, imposes thresholds for various analytical pa-
rameters.

Under pressure from the European Community in particular, this national framework is
subject to periodic change.

Thus, the recent revised French Standard NFU 44-051 relating to organic soil condi-
tioners, put into force by the Decree dated 21 August 2007 (Official Journal dated 28
August 2007), is to be applied to all domestic waste composting plants with effect from
1% March 2009.

Moreover, the 50 or so older sorting/composting plants, with upstream crushing, con-
structed or refurbished' during the 1980s, no longer comply with the regulations and, in

! Les Résidus ménagers : Composition, collecte et traitement, André Saurin Ed. Eyrolles (1967), 80p
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turn, are no longer capable of producing standardised soil conditioner for use in agricul-
ture’.

1.3 The impact of the revised Standard NFU 44-051 on MBT plants

While the revised Standard NFU 44-051 does not exclude the production of organic soil
conditioner from RHR?, it nonetheless stipulates obligations regarding results (and
not methods) with regard to:

- agronomic parameters

- the content and throughput of metallic trace elements (MTE) and polyaromatic
hydrocarbons (PAH)

- and the maximum content of undesirable/inert substances and pathogenic
agents (salmonella, whipworms).

It appears that this ‘French form of MBT’, operated on RHR, constitutes an exception
within the Community landscape, together with Spain and the United Kingdom (not
mentioning Canada).

As a matter of interest, in spite of some opposition exclusively in favour of the selective
door-to-door collection of biowaste, French regulations permit the production of fertiliser
products derived from RHR.

Indeed, various trial investigations conducted on an industrial scale (for example the
Launay Lantic plant in Brittany) have demonstrated the technical feasibility of the stan-
dardised production of compost from RHR.

Finally, by applying Community objectives to the recycling of waste, France has de-
clared its intention to maximise the rate of collection of organic matter* (OM) in the RHR
in order to favour organic recycling.

2 The Circular dated 27/02/09 only authorises interim manure spreading plans and - in the final analysis
- depositing in landfill at a storage centre.

3 The term ‘RHR’ relates to residual waste (grey rubbish bin) after the collection(s) of dry recyclable
materials (iron and steel, aluminium, plastic bottles, packaging) and special domestic waste (dry cell
batteries, vehicle batteries, medicines, etc.) and, in some cases, green waste.

4 ‘Biodegradable organic matter’ comprises the non-synthetic organic matter contained in the waste.
90% of the non-biodegradable or synthetic matter is plastics, which represents a 10% ash content
(source: CEMAGREF).
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At the moment, the mechanical-biological treatment of RHR with the production of soil
conditioner is experiencing a significant revival of interest on the part of numerous
French contracting authorities.

At the end of 2008, the ADEME (Agence de I'Environnement et de la Maitrise de
'Energie [the French Environment and Energy Conservation Agency]) listed some 40
projects (50-50 for new sites and upgraded facilities) between now and 2012, totalling
an annual flux of 3 million tonnes of waste.

2 Recycling organic matter and typology of the mechani-
cal-biological treatment systems

2.1 Strategies for recycling residual organic matter

Management of the organic content of residual refuse, which may contain up to 50%
biodegradable organic matter, is based on 2 separate approaches:

» Approach 1: selective collection of biowaste with the implementation of two spe-
cific treatment processes, one applied to the biowaste in order to produce a soil
conditioner (aerobic composting or anaerobic digestion) and the other applied to
the residual portion of the RHR in order to ‘economise on landfill capacity’

» Approach 2: Non-selective collection of biowaste with the implementation of Me-
chanical-Biological Treatment of the RHR, together with the production of an or-
ganic soil conditioner (aerobic or anaerobic treatment)

v i
M.B.T.
With compost

Résiduals

composting

methanogenesis
M.B.T.
stabilisation

\ 4
Compost

\ 4
Compost

Approach 1 Approach 2

Figure 1: Typology of managing pathways of the organic matter of RHR
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The outlets consist of landfill installations for non-hazardous waste (ISDND) or incinera-
tors, which also generate a proportion of final and hazardous waste which must be bur-
ied as landfill.

In the case of Approach 2, which is the subject of this analysis, Figure 2 (below) illus-
trates the sequence of treatment operations, including an optional anaerobic stage.

e L

valorisation thermigus
= irucimr alion

Figure 2: Schematic diagram of the MBT process applied to RHR
(with optional methanogenesis)

2.2 Performance of selective collection of organic matter schemes

Based on a recent study for the ADEME (2008) conducted on 65 operations involving
the selective collection of fermentable substances in France’, the returns appeared to
be relatively mixed, with low collected throughput characterised by, among other fac-
tors, an average quality since, to a major extent, they consisted of garden waste.

® Technical-economic analysis of the operations involving the biological management of waste, ADEME,
May 2008. A summary can be viewed at:
http://www2.ademe.fr/servlet/getBin?name=44CE7B751FC5359964C4B3A7358672E61232632467701.pdf
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Indeed, as shown in Table 1 (below), this study highlighted collection rates for biowaste
of between 44 kg/occupant/year® and 94 kg gross/occupant/year’.

Table 1 : Summary of the results of the rate of collection of biowaste in France (2008 — ADEME)

Type of collection analysed
Type 1 Type 2 Total

No. of operations 30 35 65

Kitchen waste
Type of biowaste Kitchen waste +

Garden waste

Tonnage 2005 30,898 136,153 167,051

Average quantity | 44 kg/occupant/year | 94 kg/occupant/year | 78 kg/occupant/year

It should be noted that, in France, due to the number of operational composting plants?,
the treatment of garden waste does not present any particular problem.

Furthermore, there is evidence of significant sensitivity on the part of methanogenesis
processes to the seasonal variations of garden waste, with impacts on the quantity as
well as the quality of the source materials.

Since they usually operate on a continuous basis (whereas composting is generally per-
formed in batches), methanogenesis plants are subjected to variations in the quality of
source materials being fed to the reactor.

Because stability is required for the process, those fluctuations in quality with not readily
compatible waste are more than likely to face operational difficulties.

In view of the 65% humidity content, the volume of biodegradable organic matter ‘re-
covered’ by the observed selective collection procedures is therefore of the order of 15
kg dry matter/inhabitant/year (excluding garden waste); this is very low and calls into
question the economic viability of this type of arrangement in France.

2.3 Effectiveness of MBT plants

In view of the disappointing results obtained from the selective collection of organic mat-
ter in France, the opportunity of producing soil conditioners derived from RHR repre-

® Ratio obtained for the sole specific collection of kitchen waste
” Ratio obtained during the combined collection of kitchen waste and garden waste

8 http://www.orgaterre.org/presentation-audit-compostage-6-pages.pdf
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sents a solution for developing the rate of recovery of biodegradable organic matter in
RHR, in terms of both kitchen waste and paper/cardboard.

The operational units and the currently-planned MBT units with the production of soil
conditioner are intended, on average, to guarantee a rate of recovery of biodegradable
organic matter of the order of 90 kg gross/occupant/year’, compared with 44 kg
gross/occupant/year for the collection of biowaste (excluding garden waste).

However, it should be emphasised that compliance with the threshold imposed by the
Standard NFU 44-051 requires the implementation of a series of stages of mechanical-
biological treatment which are relatively complex and cumbersome, particularly in view
of the multiplicity of non-synthetic organic matter in the RHR and the undesirable sub-
stances which have to be removed.

3 The type of biodegradable organic matter in residual
household refuse and the potential for recovery

3.1 Fractional analysis of the average residual rubbish in France

Recent analyses of grey (residual) rubbish bins have highlighted the significant uniform-
ity of the materials in the rubbish, associated with major variations in terms of the size
(granulometry) of the ‘constituent categories’.

° In relation to dry matter, the recovery values for organic matter derived from RHR are even more
favourable for MBT projects.
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Table 2: Example of the composition of a typical batch of RHR

Categories Typlc(aal SC;,'T:’?;))S Lo
Fermentable substances 11.0
Paper 18.0
Cardboard 8.8
Composites 2.3
Textiles 2.3
Sanitary textiles 6.6
Plastic films 5.4
Plastics 8.7
Unclassified combustible substances 4.3
Glass 7.8
Ferrous metals 4.0
Other metals 0.8
Unclassified non-combustible sub-
stances 4.7
Special waste 0.9
Fine particles <8 mm 14.4

100.0

Table 2 shows, for a series of communities, the average typical composition of the re-
sidual rubbish, drawn up on the basis of 15 designations of the MODECOM® method
developed by the ADEME in France:

lllustrating the variability of the characteristics of the aforementioned categories, Figure
2 represents a typical granulometric distribution of the various constituent categories of
RHR (with the exception of fine particles <8 mm):

<20 mm 20 -50 mm 50-100 mm 100 - 350 mm > 350 mm Total

Fermentable substances _:

Paper

Cardboard
Composites
Textiles

Sanitary textiles

All Plastics
Combustible substances
Glass

All metals
Non-combustible s.
Special waste

100%
100%
100%
100%
100%
100%
1
1
1
1
1
1

00%
00%
00%
00%
00%
00%

Figure 2: Granulometric distribution of the 12 categories of typical RHR
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In summarised form, the bibliography shows that biodegradable organic matter basically
comprises the following categories:

Table 3: Distribution of biodegradable organic matter in various categories

Drv material Total Organic | Biodegradable
yo/ MB Matter (TOM)'® | organic matter
° % MS % TOM
Fermentable sub-
stances 35% 92% 98%
Paper 80% 80% 95%
Cardboard 85% 82% 98%
Sanitary textiles 39% 91% 90%
Fine particles (<8 mm) 55% 52% 96%

In the case of biodegradable organic matter, these factors highlight a granulometric
predominance, on the one hand in the ‘coarse’ fraction of 100 to 350 mm and, on the
other hand, in terms of the fine particles.

Thus, the biodegradable organic matter in the RHR is primarily concentrated in the fol-
lowing 5 granulometric bands:

» category of fermentable substances: granulometric band <20 mm
» category of paper: granulometric band 100 — 350 mm

» category of cardboard: granulometric band >100 mm

» category of sanitary textiles: granulometric band 50 — 350 mm
» category of fine particles (<8 mm)

The relative distribution of the principal sources of biodegradable organic matter present
in RHR can be shown in the form of a pie chart (below):

1% TOM measured by loss in a flame at 550 °C
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Fermentescibles
17%

Fine particles
25%

Paper

Sanitary textiles 27%

18%

Cardboard
13%

Figure 3 : Distribution of the biodegradable organic matter (as % of the gross)
in a typical batch of RHR

From this it is possible to deduce a strategy for recovering this fraction of fermentable
particles.

Based on the ratios shown above, the total biodegradable fractions contained in one
tonne of gross RHR represents a potential of the order of 450 to 500 kg (gross) of total
biodegradable fraction.

Reduced to the level of each occupant (on the basis of 300 kg gross/occupant/year of
collected RHR), the biodegradable fractions represent a potential of the order of 140 kg
untreated/occupant/year — excluding garden waste)., with paper and cardboard, which
could represent up to 25 to 30% of the content of the residual rubbish.
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4 Examples of MBT in France

4.1 Typology of operations

There is no typical preparation sequence. Each of the solutions consists of a combina-
tion of various types of equipment of varying complexity and diversified on the basis of
the required degree of separation and, in turn, on the quality of the fertiliser substances
produced in this way.

In this changing context, in which industrial performance is aimed at fulfilling the statu-
tory requirements, some treatment organisations stand out from the rest.

Thus, the units which are experiencing growth in France are deploying:

- upstream of the biological process in its strict sense, biomechanical treat-
ment using a rotating tube to prepare the substrate and to facilitate subse-
quent recovery of the biodegradable organic matter present in the larger
granulometric particles, such as paper, cardboard and sanitary textiles

- at the heart of the process, aerobic or anaerobic biological treatment tech-
niques

- a succession of negative and positive sorting techniques, by utilising the dif-
ferent properties of the constituent elements of the RHR

Thus, the operations involved include sorting the waste by its optical, mechanical, elec-
trical, magnetic and electromagnetic properties, by its properties associated with its size
and morphology and, finally, its surface properties.

4.2 Composting RHR

The characteristics of a current project involving an MBT plant to be set up in Western
France, designed to produce 26,000 tonnes per annum from RHR, together with the
production of an organic soil conditioner, are shown on the next page.
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26 000 tpa m
l BRS
q I I I I —_—— Losses

A electromagnet

¥ Baling press
Skip for scrap iron

\Yele)

fermentation losses

light

maturation losses

Maturation

Figure 3: Schematic diagram of the MBT project (26,000 tonnes per annum)

The table below summarises the throughput of dry matter and biodegradable organic
matter associated with the proposed main treatment levels:
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Table 4: Throughput of dry matter and biodegradable organic matter

Throughput of
Throughput of dry dry biode-
Workstations Roles matter gradable or-
(kg DMS) ganic matter
(kg DMS)
. Sort voluminous
Receipt undesirable substances 1,000 500
Granulometric reduction
Rotating tube Homogenisation 900 410
Biological decay
Preparation of the substrate
Screen Removal of plastics 600 320
DTS Removal of heavy VCC 480 280
Biological decay
Composting Stabilisation 400 210
Homogenisation, drying
. Refining Removal of small plastic items 270 170
in the drum
sz::llsni?n::'i?e Removal of small plastic.items 250 160
Removal of small heavy items
table
Maturation Stabilisation 210 140

The final rate of recovery (that is to say in terms of compost) of the biodegradable or-
ganic matter is estimated to be around 28%.

By incorporating the losses associated with biological treatment processes (biological
treatment using the rotating tube for 4 days and biological treatment by composting for 4
weeks, followed by a 3-week period of maturation); the anticipated rate of recovery is of
the order of 64%.

This is equivalent to a rate of recovery estimated at:
» 300 kg gross of biodegradable organic matter per tonne of treated RHR

» 85 kg gross of biodegradable organic matter per occupier and per annum (based
on the production of 300 kg gross of RHR/occupant/year).

4.3 Digesting RHR

4.3.1 Dynamics of the methanogenesis process applied to residual household
refuse

The French mechanical-biological treatment of residual household refuse, with
methanogenesis of the organic fraction with a view to the production of a soil condi-
tioner, is in a state of rapid growth:
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» with 4 units in service (Amiens, Varennes Jarcy, Le Robert, Montpellier) and 2
units treating biowaste (Calais and Lille), with a total theoretical capacity of
560,000 tonnes per annum

» and with 4 allocated contracts (surveys in progress or construction in progress) in
Marseilles, Romainville, Angers, Bourg-en-Bresse, Vannes and Forbach.

For the ADEME, responsible for monitoring the management of domestic waste, the
rate of growth is of the order of 2 to 3 units per year, mainly involving Residual House-
hold Refuse, with a few examples of biowaste collection having been identified (For-
bach).

With regard to the technical approaches, two major choices are vying for approval:

» to introduce a ‘clean’ product into the digesters, which demands a fine sorting
operation upstream and the use of a screen mesh of 0-10 mm for the separation
process or

> to retain the maximum amount of organic matter at the input side of the digesters
by carrying out a ‘coarse’ sorting operation, followed by a fine sorting operation
on the digestate (using a hydraulic process for example)

In both cases, the maijority of operators prepare the raw material using mixer tubes, with
the aim of ‘unsticking’ the organic matter, that is to say rendering it ‘easy’ to hydrolyse
and separate from the other constituents.

This is the objective driving the granulometric reduction operations.

4.3.2 Example of a methanogenesis plant treating residual household refuse
(Bourg-en-Bresse, France)

This project (which is at the ‘manufacturer’s survey’ stage: OWS — DRANCO + SORD-

ISEP processes) is designed to treat an annual throughput of 90,000 tonnes of residual

household refuse and 15,000 tonnes of green waste.
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Figure 5: Schematic diagram of the MBT project at Bourg en Bresse

The contract has been placed on the basis of:

- digesters which are suitable for medium-sorted products (fraction 0 — 50 mm),
without an agitation system and with an increased dry matter content
(Dranco/OWS)

- a proven system for hydraulically sorting the inert substances (Sord-
isep/OWS)

- the absence of upstream crushing (mixing to facilitate separation of the con-
stituents)

- and, finally, the production of compost which ensures total compliance with
the ratio of inert substances stipulated by Standard NFU 44-051.
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The principal ratios are as follows:
Biogas: 120 Nm3 / entry tonne, i.e. 250 kW/hr/tonne entering the digester
Diversion ratio: 54.6 %
Biogas: 10.5 %
Compost: 22.4 %
Clean inert substances: 2.7 %
Scrap iron: 55%
Non-ferrous metals: 0.5 %
Evaporator: 13.0 %
Total : 54.6 %

In a subsequent stage, refuse with a high NCV - which constitutes 25.7% of the total
mass - will be thermally recycled in a thermal treatment unit; this illustrates the comple-
mentary nature of the biological process with the energy recycling of refuse with a high
NCV.

To summarise, the process involving methanogenesis of RHR demonstrates a high
overall level of recovery of organic matter (optimisation of the production of biogas and
compost) and methods to reduce the amount of refuse should be implemented.

4.3.3 Methanogenesis applied to household biowaste (Calais, 62)

Commissioned at the end of March 2007, during 2007 the unit treated a throughput of
6,350 tonnes, rising in 2008 to 12,000 tonnes.

The operation is characterised by a high proportion of green waste in the entry waste,
with a ratio of 2/3 green waste after treatment.

Experience has shown that over and above a 30% proportion of grass cuttings at the
entry to the digester, operation in thermophilic mode is no longer guaranteed and yet
the volume of grass cuttings was as high as 80 to 90% of the green waste in spring and
the start of the summer.

Therefore, during 2008, it became necessary to limit the volume of green waste to 50%
in order to ensure that the digester operated satisfactorily.
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In terms of operation, the ratio of production of biogas is 150 Nm>/treated tonne. Fur-
thermore, since the throughput of household biowaste was lower than the forecasts by
the communities, the production of biogas was insufficiently high to power the generat-
ing set. The table

Table 8: Comparison factors between methanogenesis applied to RHR and to biowaste

BIOWASTE RHR
Treated organic waste 15 to 40 kg/ occupant/year | 60 to 90 kg/ occupant/year
Production of biogas per tonne
| orblogas b 150 Nm°/tonne 120 Nm*/tonne
entering the digester
Assessed potential of biode-
_ =30 % =70 %
gradable organic matter

5 Quality of the compost produced by MBT in France

The sanitary quality represents the major limiting factor in the production of organic soil
conditioner derived from RHR.

For a typical batch of RHR, Figure 5 shows a breakdown of the 9 metals'' stipulated by
Standard NFU 44-051 for the principal categories and granulometric fractions of a typi-
cal batch of RHR:

Paper
7%

Fermentable
substances
1%

Cardboard

Composites Fines <20 mm
3% P

Fine substance 1% 16%

15%

Textile:
0%

Non-combustible s.
6% 20-50 mm

10%

Sanitary textiles
2%
All metals
6%

100 - 350 mm
50%

All Plastics
33% 50 - 100 mm
24%

Combustible
substances
17%

Figure 6: Breakdown of the 9 metals in RHR

" Total of the parameters As, Cd, Cr, Cu, Hg, Ni, Pb, Se and Zn
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The following tables summarise the limiting thresholds and throughputs stipulated by
French and German regulations:

Table 9: Limiting thresholds for metals, as stipulated by French and German Standards

Maximum contents, in mg/kg MS
D

20 TWM 30 TWM Fr
As - - 18

Cd 1.5 1 3
Cr 100 70 120

Hg 1 0.7 2
Pb 150 100 180
Se 12
Ni 50 35 60
Cu 100 70 300
Zn 400 300 600
Fluoranthene - - 60
Benzo(b)fluoranthese - - 300
Benzo(a)pyrene - - 600

Table 10: Limiting throughputs of metals, as stipulated by French and German Standards

Limiting throughputs g/ha over 1 year
D F D F
Maximum throughputs at any Maximum
Maximum average throughputs*|  Flux maximaux given time* throughputs at any
basis 20 T WM basis 30 T WM moyens** basis 20 T WM basis 30 T WM given time**
As - - 90 - - 270
Cd 10 10 15 30 30 45
Cr 667 700 600 2000 2100 1800
Hg 7 7 10 20 21 30
Pb 1000 1000 900 3000 3000 2700
Se - - 60 - - 180
Ni 333 350 300 1000 1050 900
Cu 667 700 1000 2000 2100 3000
Zn 2667 3000 3000 8 000 9000 6 000

* Throughput calculated by comparison with the preceding table
** Stipulated throughputs

Current feedback shows that the content of metals and polyaromatic hydrocarbons does
not represent a limiting factor regarding the compost produced by MBT.

Moreover, a number of studies have highlighted the significant presence of metals
among the fine particles, particularly in heavily urbanised sectors. Large-scale recovery
of the paper and cardboard contained in RHR in the MBT plants represents an impor-
tant factor, enabling the compost to be enriched with organic compounds with a low
metal content.

The most problematic point under consideration is the ratio of inert/undesirable
substances. The overriding problem is achieving a satisfactory compromise be-
tween the production of a soil conditioner and the quality of the said soil condi-
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tioner via the choice of a judiciously conceived refining process incorporated into
the treatment sequence.

The final table (on the next page) highlights approaches which are totally incompatible
with the one adopted by France and by Germany; these approaches do not employ the
same parameters to characterise the inert substances in the compost and, in turn, their
aesthetic quality.

Table 11: Threshold for inert substances specified by French and German regulations

for urban compost

Limiting values
Germany France
Physical contaminants: glass, plastics, metal >2 mm <(I)\/.I%% -
Stones >5 mm <56% MS -
Films + EPS >5 mm i <0|\./?§/o/
Other plastics >5 mm i <0-|3|;A> /
Glass + metals >2 mm i <2-|8|;/o /

6 Conclusion

The product of an organic soil conditioner from RHR ensures the optimum rate of re-
covery (and, in turn, recycling) of residual biodegradable organic matter.

However, this solution is only in its early stages in France.

Of the fifty or so MBT plants for RHR currently in operation, only 4 units are equipped
with rehabilitated treatment lines suitable for the production of compost which complies
with the new Standard NFU 44-051.

There is no question that the fifty or so projects in the course of development will con-
firm the long-term viability of the industry and, in particular, reconcile a high rate of re-
covery of biodegradable organic matter and satisfactory final quality for the types of
compost produced, whose final destination is a return to the soil.
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Addition of an Anaerobic Treatment Stage to MBT Plants —
Based on the Example of Rostock

Michael Nelles, Joachim Westphal and Gert Morscheck

Since 1 June 2005, it has been mandatory to treat municipal waste before landfilling.
This pre-treatment aims to render the waste inert in order to avoid reactions in the
landfill. Two pre-treatment technologies have become established in Germany: the
thermal treatment of refuse in waste incineration plants and mechanical-biological
treatment (MBT).

In Germany, a large number of MBT and waste incineration plants are available for the
pre-treatment of municipal waste. 25% of the residual municipal waste is treated in 46
waste incineration plants (DOEDENS et al., 2007).

Waste incineration plants destroy organic substances as well as other combustible
components of waste and use their energy content.

MBT plants usually separate waste into combustible fractions, mainly plastics, which
can be thermally used in specific plants, and another fraction, which mainly consists of
natural organic components and is treated aerobically in most cases.

In principle, mechanical(-biological) treatment processes have proven their functionality.
Technical difficulties which arose during operation of such plants have meanwhile been
solved to a considerable extent. However, there remains a need for optimisation in
some plants and regarding certain parts of the MBT-technology (THOME-
KOZMIENSKY and THIEL, 2008).

At the beginning of the 1990s, the city of Rostock started thinking about the future of its
waste management. 1993 saw the introduction of the German TASi regulation
[Technical Instructions on Waste from Human Settlements] which stipulated the
construction of pre-treatment plants by 31 May 2005. In May 1994, the EVG
[Entsorgungs- und Verwertungsgesellschaft mbH Rostock — waste disposal and
recycling company Rostock] was founded.

A board of consultants from various backgrounds (economy, associations,
administration, environmental associations and the University of Rostock) works for the
EVG and discussed possible solutions. The main question was whether to build a waste
incineration plant or a MBT plant.

In May 1996, a call for proposals for the treatment of the residual waste of the city of
Rostock and surrounding districts was published, addressed at technology providers all
over Europe.
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In June 1997, the city parliament decided on the construction of a residual waste
treatment plant comprising mechanical-biological and thermal treatment at Rostock-
Seehafen.

In September 1998, a waste disposal agreement was concluded between the EVG mbH
Rostock and the Hanseatic city of Rostock.

The approval procedure started in December 1998 and the permit pursuant to BImSchG
[German Federal Immision Control Act] for the construction and operation of the RABA
[residual waste disposal plant] Rostock was granted in September 2000.

In January 2004, the city parliament of Rostock decided on a major change in the
concept: the MBT plant was still to be built, but plans for an incineration facility under
the responsibility of the EVG were cancelled. The Vattenfall Europe New Energy
GmbH is currently building an RDF-fired thermal power station next to the MBT plant.

The foundation stone for the MBT Rostock was laid on 27 May 2004; operations
commenced on 1 June 2005.

A fermentation facility as an addition to the MBT plant was commissioned in July 2008.

Plant Technology

The mechanical-biological waste treatment plant Rostock has been operated by the
EVG since 1 June 2005. Domestic refuse from the Hanseatic city of Rostock and the
districts Bad Doberan, Gustrow and Nordvorpommern is treated there. Approximately
120,000 Mg of waste are delivered and treated per annum.

In a first step, the domestic waste is treated mechanically (screening, classifying, sorting
out of ferrous and non-ferrous metals, separation of plastics). Recyclable material is
separated and the processed, organic fine fraction is then treated biologically.

So far, two types of final products have been derived from the refuse. Firstly, refuse
derived fuel (RDF - approx. 40% of the total output), and secondly, disposable landfill
material (approx. 50%) as a result of composting processes. RDF is produced in
different sizes and is used as a substitute for coal in cement and power plants. One of
the buyers is the Nehlsen thermal power station in Stavenhagen, which uses high-
quality RDF to produce energy for the adjoining Pfanni factory. From the 2" quarter of
the year 2009, all RDFs will be delivered to the Vattenfall RDF-fired thermal power
station which is being built right beside the MBT plant.

The organic refuse components are stabilised within 10 weeks, using a combination of
intensive decomposition and post-maturation. The material resulting from this process is
then deposited on landfills. The decomposition process requires a constant aeration of
the material in the decomposition reactors. A cooling system is needed to control
temperatures during the decomposition process. Furthermore, all exhaust air must be
cleaned through post-oxidation before emission into the environment. Each of the three

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



Addition of an Anaerobic Treatment Stage to MBT Plants — Based on the Example of Rostock 217

components is highly energy- and thus cost-intensive. In addition, the organic fraction
still contains unused energy after the aerobic treatment.

The high energy costs and the so-far unused remaining energy of the biogenic material
led to the decision to introduce a future-oriented and environmentally acceptable
additional stage in waste treatment: energy generation through fermentation, this in the
wake of a reassessment of the waste flows.

The new additional fermentation facility uses technology by KOMPOGAS and increased
the input capacity from 120,000 tons to the now permitted 135,000 tons of refuse per
annum. This was made possible by the fact that through the fermentation process,
biological degradation already takes place before intensive decomposition and thus
reduces the pollution to be treated with RTO (Regenerative Thermal Oxidation, used for
exhaust air cleaning), the weak point of the process so far. After comprehensive tests,
the facility was commissioned in the 1% quarter of 2008.

The feeding of the fermentation facility requires a change of the material flow in the
separation process of the MBT plant. Half of the biomass which used to be fed into the
intensive decomposition reactors before the introduction of the new facility now has to
be fed into fermentation. This can be done by feeding the organic material into a catch
bin after the separation of hard material. On the other hand, sedimenting material is fed
directly into the rotting tunnel after the separation of non-ferrous metals.

Automatically controlled conveyor belts carry the highly organic material - in evenly
distributed cycles - from the catch bin into the three horizontal fermenters. An automatic
agitator mixes the material in the fermenters, which comprise a volume of 1,200 m?
each. The fermenters provide an anaerobic environment with an average water content
of 75% and a relatively constant temperature of 53.5°C (128.3°F), thus offering optimum
conditions for the production of biogas. The material remains in the fermenter for 10 to
12 days.

The desulphurised biogas is then used by two gas engine-operated CHP stations (2 x
625 kW electric) to generate energy and heat. This way, 12,000 MWh/a electrical
energy are fed into the public grid by the EVG.

The waste heat of the CHP stations is used to heat the fermenters and adjoining
building parts. A complete use of thermal energy, both of the CHP stations and the
waste gas heat, will be achieved with the commissioning of the Vattenfall thermal power
station where it is fed into the steam cycle.

Fermentation residues are carried off via a combined wet/dry-discharge and are
subsequently united with the other organic components for rotting. This process
optimises the subsequent decomposition.

In addition to the treatment of the biological part of domestic waste, food that has
passed its shelf life and leftovers may also be added. The yearly input of leftovers from
meals amounts to 4,000 tons.

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



218  Addition of an Anaerobic Treatment Stage to MBT Plants — Based on the Example of Rostock

The overall concept of the plant at the seaport is completed by the RDF-fired thermal
power station which is expected to be commissioned by Vattenfall Europe New Energy
Ecopower Gmbh in the 1% quarter of 2009. Exhaust air, which so far had to be cleaned
and burnt (RTO) at the EVG’s expense, and RDFs will be delivered to this station in the
future. This also enables the recovery of energy of methane (approx. 0.1% of exhaust
air) produced in the aerobic stage.

The EVG uses state-of-the-art technology to generate energy from waste in an
environmentally friendly way and recovers energy from RDFs without creating further
pollution through transportation. This makes the EVG a pioneer well beyond the borders
of Mecklenburg-Western Pomerania. MBT, fermentation and the thermal power station
allow for a complete energy recovery and together constitute one of the most modern
waste management sites in Germany.
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Figure 1: Layout plan of the MBT plant with aerobic and anaerobic treatment facilities

The functional principles of the MBT plan are outlined in the following flow chart
(figure 2):
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The operating units (BE) shown in figure 2 are explained below:

BE 10 + 20 delivery + mechanical waste treatment

e encapsulated delivery and preparation hall

e single-line layout: organic line

e crushing aggregates
e classification of the waste flows
e use of air classifiers and AutoSort systems

AN 50 partial flow fermentation

e hard material separator
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e fermentation
BE 40 biological treatment — intensive decomposition

e encapsulated rotting tunnel (13 tunnel modules, air circulation with cooling,
rotting period 4 weeks)

BE 60 biological treatment — post-maturation

e closed windrow (rotting period 6 weeks); objective: observation of storage criteria
pursuant to AbfAblV [German Waste Storage Ordinance]

BE 70 collection of exhaust air / exhaust gas cleaning / discharge

e separated collection and redirection of exhaust air from hall areas and highly or
lightly polluted process exhaust air from areas of biological treatment

e use of air circulation as far as possible to reduce volumes

e treatment of highly polluted process exhaust air with a combination of acid
scrubber and RTO

e treatment of lightly polluted process exhaust air with a combination of air
humidifier and encapsulated biofilter

e discharge of exhaust air via stack; objective: observation of emission limit values
pursuant to 30" BImSchV [German Federal Immission Control Ordinance]

What is the point of adding fermentation to the MBT plant?

Between 1990 and 2003, the waste management industry succeeded in reducing CO»-
equivalent emissions by approximately 45 million tons per year. This makes up almost
20% of the total reduction in Germany (TROGE, 2007). The federal government is
planning to raise the share of renewable energies in Germany to 16% by 2020. The
waste industry’s biogas plants will and must make their contribution too. Switching from
aerobic to anaerobic treatment or respectively adding anaerobic stages to existing
plants is supposed to play an increasing role in the generation of electric power. From
the authors’ point of view, this only makes sense with regard to ecological aspects if the
waste heat of electricity generation is used as well.

As regards the addition of anaerobic treatment to MBT plants, the following possibilities
are conceivable. However, operational experience differed considerably.

o with partial flow dry fermentation (reliable in operation)

e with full flow dry fermentation (process water treatment after dewatering of
fermentation residues)

e with full flow wet fermentation (percolation, demanding, facilities in Heilbronn and
Buchen decommissioned) (DOEDENS et al., 2007)
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In its Environmental Report 2008 “Environmental protection in the shadow of climate
change”, the German Advisory Council on the Environment (SRU, 2008) underlines the
benefits of adding anaerobic treatment to MBT plants.

In aerobic processes, the energy content of organic material is fully converted into
unusable heat. The different possible combinations with anaerobic partial or full flow
concepts, however, allow for a recovery of energy. Fermentation can thus contribute to
an improved economic and ecological situation of MBT plants (SRU, 2008).

Subsidisation pursuant to the EEG [German Renewable Energy Sources Act] is not
earmarked for mixed municipal waste. § 8 of the EEG refers to ‘recognised biomass’
according to the German Biomass Ordinance; mixed municipal waste does not belong
to this category (BiomasseV § 3 no. 3). According to § 3 (1), the EEG promotes energy
generation from biomass. The use of biomass in the context of fermentation as a part of
MBT is now being subsidised increasingly. The MBT plant Rostock receives aid, too.

Following the separation of native organic material, individual waste code numbers can
be allocated. Due to the separation, the refuse fed into fermentation no longer falls into
the category ‘mixed municipal waste’. The native organic fraction is allocated the waste
code number (AVV-Nr.) 191212, no mixed municipal waste is involved here (TISCHER
and GASSNER, 2006).

§2(3) no.5 of the German Biomass Ordinance stipulates: “Without prejudice to
paragraph 1, the following are biomass [...] Biogas produced through anaerobic
fermentation [...].” This enables subsidies.

§ 3 of the act on granting priority to renewable energy sources (EEG) gives another
definition of ‘renewable energies’: “[...] energy from biomass, including biogas, landfill
gas and sewage treatment gas, as well as the biodegradable fraction of municipal waste

and industrial waste.”

§ 64 of the new EEG furthermore states “that the entitlement to payment of a tariff for
electricity from biomass shall only apply where proof can be furnished that [...] when
generating the electricity from the utilised biomass, a certain reduction in greenhouse
gases is achieved.” This reduction is subject to proof.

In the statement of reasons for the new EEG, the future general entitlement of MBT
plants to remuneration is explained as follows:

“The term ‘biomass’ is not conclusively defined in the legal text. [...] The general term
‘biomass’ as used at this point includes biogenic energy sources in solid, liquid or gas
state of matter. In general, these are biodegradable products, residues and waste from
vegetable or animal origin from agriculture, forestry and related industries.

[...] The explicit statement that biomass in this context also includes biogas originates
from Directive 2001/77/EC of the European Parliament and of the Council on the
promotion of electricity from renewable energy sources where biogas figures as a
separate renewable energy. [...] In further implementation of Directive 2001/77/EC, the
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biodegradable share of industrial and municipal waste is also defined as ‘renewable
energy’. Additionally, it must be taken into consideration that only the part of electricity
generated from the defined material is subject to the enlarged scope of application of
the law. Furthermore, it must be noted that the principle of exclusiveness still applies to
the payment of a tariff and that electricity generated from mixed industrial and municipal
waste will not be remunerated in the future either.”

The EVG’s Fermentation Stage

In recent years, the general ecological conditions for anaerobic technologies have
improved decisively due to technological developments and the Renewable Energy
Sources Act [EEG] (TURK et al., 2008).

In Rostock, a partial flow fermentation facility and a CHP station were added to the
existing MBT plant. This enabled an increase of its input capacity from 120,000 t/a to
135,000 t/a. Reserves for seasonal fluctuation and additional processing options for
organic waste are set up. The fermentation stage is aimed at recovering the energy of
biogenic mass. Therefore, half of the biomass which used to be fed into the intensive
decomposition reactors is now treated in the fermentation facility.

The generated biogas is then used by a gas engine-operated CHP station to produce
electricity and heat. The electricity generated in the CHP plant (12,000 MWh/a) is fed
into the grid. The residual heat is used for preheating and drying on the site. The
fermentation stage reduces the effort for exhaust air cleaning in the following rotting
process.

The EVG’s MBT plant in Mecklenburg-Western Pomerania is the first to use municipal
waste for biomass fermentation and to recover energy in this environmentally friendly
way. In combination with the RDF-fired thermal power station, which is operated by the
Vattenfall Europe New Energy GmbH, a comprehensive energy recovery is achieved
through fermentation at Rostock-Uberseehafen. Even the plant’s exhaust air, which so
far had to be cleaned and burnt using regenerative thermal oxidation, will soon be burnt
together with the refuse derived fuels produced on site. The proximity of MBT plant and
thermal recovery adds further ecological and economical advantages.

The investment volume for the fermentation facility was 8 million euros. This investment
formed the basis for stable costs and reliable waste disposal.

In this way, the EVG covers its own energy consumption and additionally feeds
3,700 MWh/a into the public grid. The waste heat of the CHP stations is used to heat
the fermenters and adjoining building parts. The complete use of the thermal energy is
covered by a contract starting in 2009.

Fermentation residues are carried off via a combined wet/dry-discharge to the rot.
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The Fermentation Unit - KOMPOGAS Dry Fermentation

Existing aggregates like screens, shredders and magnetic separators can be used for
the preparation of the material. They crush the delivered material, free it from magnetic
matter and screen it down to a particle size of less than approx. 60 mm. The screened
material is fed into the catch bin. Oversize material can be crushed again or be fed into
another recycling line (e.g. RDF...). The treatment is supposed to only crush material if
necessary. If possible, leftovers from meals, biowaste etc. should exclusively be
screened in order to maintain the actual material structure.

The basic principle always remains the same: the horizontal plug-flow fermenter that
guarantees a very high energy efficiency and maximum reliability of operation. It can be
fitted into MBT and composting plants as a standardised module construction
(ZEIFANG, 2008).

The process temperature is 55°C (131°F), i.e. within the thermophilic range. Waste heat
from the CHP station delivers the heat required for the treatment.

The digested material is pressed for further conditioning and thus separated into a liquid
fraction (re-circulated material) and a solid fraction (raw compost). In most cases, the
re-circulated material is used for mashing the new material so that no supplementary
extern liquids are required.

The continuous mode of operation enables a stable generation of biogas (Universitat
Rostock et al., 2007).

biogas
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Figure 3: Continuous dry fermentation with plug-flow fermenter (KOMPOGAS) (Gilzower
Fachgespréche, 2006)
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Benefits of the Retrofitting of the MBT plant Rostock

Provisional calculations indicate today already that the retrofitting creates an ecological
benefit for the Hanseatic city of Rostock (EVERS, 2008).

The EVG’s CHP station will have produced approximately 8 million cubic metres of
biogas by the year 2008. With a methane content of 58%, a calorific value of approx.
46 GWh can be expected. This energy will be used to generate 11 GWh electricity (net)
and 25 GWh waste heat for auxiliary cooling or respectively district heating.

This reduces carbon emissions as follows:

e electricity: 6.8 Gg related to the electricity mix of Germany
e district heat: 5.5 Gg related to natural gas heating or 2.3 Gg related to
CHP district heating from natural gas (fossil methane).

With a maximum output (currently 810 Gg p.a.) a reduction of the overall emissions of
Rostock by 12.3 Gg, i.e. approx. 1.5%, can be achieved.

The dynamic climate alliance objective of Rostock intends a reduction of carbon
emissions by 2% p.a..

The generated electricity is sufficient for illuminating the city of Rostock; 10 to 11 GWh
of electricity are needed for city lighting per year.

According to the framework concept “climate protection”, each citizen of Rostock uses
0.75 MWh of electricity at home per year. In theory, approximately 14,500 inhabitants of
Rostock could cover their yearly consumption of household electricity with carbon-free
power by the EVG. This for example equals the number of inhabitants of the Sudstadt
district.

Bibliography:

Doedens, Heiko; Gallenkemper, Bernhard; Ketelsen, Ketel; Kranert, Martin; Fricke,
Klaus: Status der MBA in Deutschland; Mall und Abfall; ISSN: 0027-2957; y.: 39,
no. 12, 2007, pages 576-579

Gesetz fir den Vorrang Erneuerbarer Energien (Erneuerbare-Energien-Gesetz - EEG);
Ausfertigungsdatum: 25.10.2008; BGBI. | 2074 pages
[English version: http://www.erneuerbare-energien.de/inhalt/42934]

Evers, Klaus: written information; Amt fir Umweltschutz der Stadt Rostock [Rostock
Office for Environmental Protection]; 24 September 2008

Gillzower Fachgesprache, Volume 24: Trockenfermentation - Stand der
Entwicklungen und weiterer F+E-Bedarf; 4/5 February 2006 in Gulzow; Published
by Fachagentur Nachwachsende Rohstoffe e. V. (FNR), 2006; 143 pages

SRU - Sachverstindigenrat fiir Umweltfragen: UMWELTGUTACHTEN 2008,
Umweltschutz im Zeichen des Klimawandels; Juni 2008, 1077 pages;

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



Addition of an Anaerobic Treatment Stage to MBT Plants — Based on the Example of Rostock 225

http://www.umweltrat.de/02gutach/downlo02/umweltg/UG_2008.pdf; 2.10.2008
[English  version: http://www.umweltrat.de/english/edownloa/envirrep/UG_2008
summary.pdf]

Thomé-Kozmiensky, Karl J.; Thiel, S.: Die Mechanisch(-biologisch)e Abfallbehandlung
hat ihre prinzipielle Funktionsfahigkeit nachgewiesen; Millmagazin 1/2008, pages 4
-12

Tischer, Christoph; Galdner, Hartmut: EEG-konformes Biogas aus
Hausmiillverwertung; Mull und Abfall, 38, no. 5, pages 228-230, 2006

Troge, Andreas: Der Beitrag der Abfallwirtschaft zum Klimaschutz; Mull und Abfall, 39,
no. 5, 2007; pages 208-213

Turk, Thomas; Tobias Bahr, Klaus Fricke, Jurgen Hake: Nachriustung von MBA durch
Vorschaltung von Vergarungsanlagen; 20. Kasseler Abfallforum; pages 606 — 616;
Witzenhausen-Institut GmbH; 2008

Universitat Rostock, Lehrstuhl fur Verfahrenstechnik / Biotechnologie in Kooperation
mit Institut fur Energetik und Umwelt gGmbH und der Bundesforschungsanstalt fir

Landwirtschaft: Erhebung der mit Trockenfermentationsverfahren
erschlieBbaren energetischen Potenziale in Deutschland Vergleichende
6konomische und o6kologische Analyse landwirtschaftlicher

Trockenfermentationsanlagen; Abschnitt 2 des  Schlussbericht zum
Forschungsvorhaben ,Biogaserzeugung durch Trockenvergarung von organischen
Rickstanden, Nebenprodukten und Abfédllen aus der Landwirtschaft®; 2007, 124
pages; http://www.fnr-server.de/ftp/pdf/literatur/TV/Abschnitt2-1E.pdf; 2 October
2008

Zeifang, Markus: KOMPOGAS: hoch effizient und bewéhrt; 20. Kasseler Abfallforum;
pages 369 — 374; Witzenhausen-Institut GmbH; 2008

Adress of the authors

Herr Joachim Westphal

Geschaftsfihrer EVG mbH Rostock [Managing Director]
Ost-West-Str. 22

18147 Rostock

Germany

Prof. Dr. mont. Michael Nelles, Dr. Gert Morscheck

Universitat Rostock

Lehrstuhl fur Abfall- und Stoffstrommanagement [Department Waste Management]
18051 Rostock

Germany

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



226 Modernization of a Swiss MBT-plant with the SCHUBIO®-Process

Modernization of a Swiss MBT-plant with the SCHUBIO®-
Process

Reinhard Schu, Kirsten Schu
SCHU AG Schaffhauser Umwelttechnik, Schaffhausen, Switzerland

Abstract

The only operating mechanical-biological Swiss treatment plant for municipal solid
waste (MSW) and biowaste (KBA Hard) will be modernized and the SCHUBIO®-
Process will be implemented for the first time on industrial scale. The project and the
characteristics of the innovative process are presented in this paper. It is shown, that all
output fractions from MSW as well as from biowaste are completely recyclable.
Keywords

SCHUBIO®-Process, Municipal Solid Waste, Biowaste, washing process, Schaffhausen,
KBA Hard

1 Introduction

The SCHUBIO®-Process has been developed with a background of long-time experi-
ence from mechanical-biological waste management. The process is based on the WA-
BIO-Process and related wet fermentation technologies as shown in Figure 1.

For the first time fermentation of municipal solid waste has been implemented in 1989 in
Vaasa, Finland on industrial scale with the WABIO-Process.

The company Deutsche Babcock Anlagen (DBA) took over the WABIO-Process and
erected in Bottrop, Germany the first fermentation plant for biowaste. After DBA merged
with the company Steinmiller in 1999, the DBA-WABIO-Process was abandoned.

Since then EcoEnergy has developed and brought to the market a washing process
based on the concept for mechanical treatment from the DBA-WABIO-Process. The
SCHUBIO®-Process, formerly called NMT-Process, has been taken over by the com-
pany SCHU AG Schaffhauser Umwelttechnik in 2008.

Startup for the first plant on industrial scale is planned for 2010 in Schaffhausen, Swit-
zerland.
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Figure 1: Development of Wash- and Percolation Technologies

The SCHUBIO®-Demonstration Plant is in operation since 2004 and has been operated
with different input material. The Demonstration Plant was built with help from a grant by
Deutsche Bundesstiftung Umwelt (DBU) (Table 1) and is still in operation.

Table 1: Development SCHUBIO®-Process

Year Development SCHUBIO-Process

2000 Grant application to DBU

2004 Erection of Demonstration Plant and test runs in AWZ Wiefels, Germany

2005 - 2007 Pilot phase of the process at the EcoEnergy site in Walkenried, Germany
Dimensioning tests, KBA Hard, Switzerland

2008 Take over of the process by SCHU AG Schaffhauser Umwelttechnik

2009 Planned start of construction Modernization KBA Hard, Switzerland

The Demonstration Plant is housed in a container and can be moved easily to different
sites. Consequently, the design of the new KBA Hard could be verified by tests on site
with the original input material (see Figure 2).
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Figure 2: Different locations of the SCHUBIO®-Demonstration Plant

2 The SCHUBIO®-Process

The SCHUBIO®-Process can be applied for treatment of municipal solid waste as well
as biowaste. First the material is pretreated by shredding and sieving at 100 mm as is
common practice for MBT-technologies. The coarse fraction is baled and can be used
for energy recovery. The fine fraction <50 mm and 50 — 100 mm respectively is sepa-
rated into inert fractions, organics fractions and a fluid fraction, containing dissolved
matter, fine inert particles < 100 ym and organics <1 mm. Water, heated to 40 °C, is
used as separation agent and circulated in the process. Viscosity of the water is de-
creased by heating. Consequently the separation effect as well as efficiency of the de-
watering is increasing.

The entire process yields surplus water even with municipal solid waste (MSW). The
water retention potential of inert matter is minimal. Thus the inert fraction can be dewa-
tered, down to a residual water content of <5 %. The organic fraction can be dewatered
to <40 % water content due to several combined treatment steps. The separation of
inert matter and the separation into fractions with different particle size are precondi-
tions for the thermo-mechanical celllysis. The celllysis is causing the organic fibers to
fray and separate, thus breaking down the cell walls so that cell water is released.

The inert fractions are rinsed, first with fresh water then with circulated water, and can
be recycled as building material. If required further treatment in a demolition waste re-
cycling plant yield even better quality. The following products are obtained from the
waste:

- stones - gravel - sand - fine sand - silt.

The organic fractions are dewatered by screw presses after sieving. Dewatering in-
cludes also the cell water due to the thermo-mechanical celllysis as described above.
Furthermore, the soluble, easily fermented biomass is transferred into the press water.
Figure 3 shows the process flow diagram of the SCHUBIO®-Process for the KBA Hard
with MSW and biowaste.
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Figure 3: Process Flow Diagram KBA Hard with SCHUBIO®-Process
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The pollutant content of the organic fractions (BioFIuff®) is low, due to the process con-
cept. The material contains also little chlorine because of the separation of plastics.
Chlorine is present only as a soluble salt on a so called “background level’. The dewa-
tering is achieved mechanically and not by drying so that all soluble pollutants are
flushed out with the wash water and press water. Depending on the water cycle con-
cept, 50 % to 90 % of pollutants are discharged, improving the quality of the BioFIuff®

Pressing of the organic fractions 2 and 3 is done at a temperature of > 70 °C for improv-
ing efficiency. Part of the heating energy comes from steam, produced with waste heat
from the CHP- units and also from the press energy.

The Biomass has to be dried further for pelletizing. After drying the biomass is sieved at
15 mm and the still remaining plastics are discharged in the coarse fraction.

The fine fraction consists of nearly 100 % native biomass, the BioFIuff®. The dried and
sieved BioFIuff® is conditioned according to the required recycling pathway. BioFIuff® is
a low polluted, dry stabilized biomass and is a versatile secondary raw material. The
BioFIuff® from MSW will be pressed to briquettes and used for thermal utilization.

In the SCHUBIO®-Process the easily biodegradable matter is transferred to the circula-
tion water. The water contains organic matter up to a particle size of <1 mm and is fed
into an anaerobic digestion tank with biomass retention.

The chemical oxygen demand (COD)-degradation depends on the anaerobically de-
gradable COD and reaches 85 % to 95 % degradation. Retention time is 5 to 10 days.
Conventional biogas plants have a retention time of 18 to 21 days. The biogas is used
to operate a CHP-unit. The generated power is fed onto the grid and the waste heat is
used for drying sewage sludge and biomass from biowaste before pelletizing.

After digestion the waste water from the anaerobic digestion tank is treated in an aero-
bic reactor with biomass retention. The cleaned water is then reused as wash water for
the SCHUBIO®-Process or discharged to a waste water treatment plant. The residual
sludge form the anaerobic and aerobic process stage is the pollutant sink of the proc-
ess.

3  Project Description

The MBT-plant KBA Hard in Beringen, Switzerland, has been built 35 years ago. The
plant has been converted from a waste incineration plant and has been in operation as
a MBT-plant for 20 years now. At the time the implemented composting technology was
considered most innovative and has been known by the term “Schaffhauser Modell”.
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Currently about 18.000 t/a MSW, 6.000 t/a Biowaste and about 6.000 t/a sewage sludge
as well as 3.000 t/a bulky waste are treated in the plant.

At present, solids (MSW and industrial waste) are shreddered and sieved, yielding a
dry, coarse fraction with high heating value and a wet fine fraction with lower heating
value. The coarse fraction is baled and the bales are incinerated in the waste incinera-
tion plant KVA Buchs, either immediately or after intermediate storage at the KBA Hard
site. The fine fraction is mixed with sewage sludge and composted in the rotting hall.
After composting, the material is dried, stabilized and mass reduced and is likewise in-
cinerated in the KVA Buchs. Biowaste is mechanically treated and composted sepa-
rately.

The equipment has reached the end of its technical lifetime and must be replaced.
Moreover, the new waste treatment technology should meet the requirements of better
energy efficiency and preservation of resources.

The operating municipality, Klaranlageverband Schaffhausen, Neuhausen am Rheinfall,
Feuerthalen und Flurlingen has therefore decided to modernize the KBA Hard by im-
plementing the SCHUBIO®-Process. In the following figures the planned layout of the
KBA Hard is shown:
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Figure 4: Modernization KBA Hard Top rview
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Figure 5: Modernization KBA Hard Overview

The new plant equipment will fit into the existing operation building. Only the fermenta-
tion tanks are located outside, as well as the two 450 kW CHP-units. The present rotting
hall will be dismantled and the area will be used for bale storage. The logistics for pri-
vate delivery will be improved and the shredder for bulky waste will be moved to an en-
closed hall. The total investment is about 30 Million Swiss francs.

4  Sustainable Waste Separation

Explicit goal of the SCHUBIO®-Process is a complete recycling of the waste wherever
possible. In the following we establish the recycling properties of the produced materi-
als.

4.1 Biomass

4.1.1 Biomass from Biowaste

The organic fractions from biowaste are less polluted than most conventionally pro-
duced compost materials and meet the regulations for distribution of compost easily.
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The following Table 2 shows the heavy metal content of the organic fractions (O1 ,02,
O3) compared to the input (Biowaste <50 mm) and to the compost from the present
KBA Hard as well as to the average of Swiss compost approved for horticulture. The
data are also compared with the German and Swiss regulations for compost use.

A significant decrease of heavy metals is evident in the organic fractions. Exception is
the chromium and nickel content of the fine fraction (O3) which is an artifact resulting
from the test conditions. The phenomenon is common for demonstration plants, con-
structed from chromium nickel steel. Fine steel particles from abrasion and modification
of the plant end up in the fine fractions.

Table 2: Heavy metals in the organic fractions from biowaste compared to biowaste-input and
KBA Hard compost (average)

Parameter Bio- Bio Bio Bio Compost| Swiss | Stoff- | Bio-
(mg/kg DM) waste 01 02 03 KBA |Compost| VO |AbfvO
<50 Hard Hort. (CH) (D)
Lead (Pb) 21,0 16,0 11,6 15,8 47,5 69,7 120 150
Cadmium (Cd) nd* | nd* | nd* | nd* 0,2 0,1 1 1,5
Chromium (Cr) 13,5 14,5 12,5 45,5 23,2 20,0 100 100
Copper (Cu) 30,5 18,0 9,5 17,3 56,8 58,4 100 100
Nickel (Ni) 9,5 8,5 6,3 22,8 16,3 15,8 30 50
Zinc (Zn) 94,5 57,0 95,0 94,0 215,3 155,4 400 400
Mercury (Hg) 0,1 nd.** | nd.* | nd.* 0,1 n.d. 1 1

* Detection Limit 0,4 mg/kg DM ** Detection Limit 0,1 mg/kg DM

Already in 2000 the German Federal Environmental Agency (UBA) has proposed grad-
ual limit values for fertilizers in soil with the objective to avoid long-term pollutant accu-
mulation in the soil (UBA, 2002). Comparison shows that the organic fractions (O1, O2,-
0O3) meet even these soil-adapted limit values.

Table 3: Heavy metals in the organic fractions from biowaste compared to KBA Hard compost
(average) and soil-adapted limit values

Bio- Compost
Parameter waste Bio Bio Bio KBA Proposal UBA 2000
(mg/kg DM) <50 01 02 03 Hard Clay | Loam | Sand
Lead (Pb) 21 16 11,6 15,8 47,5 71,75 | 50,45 | 29,15
Cadmium (Cd) n.d.* n.d.* n.d.* n.d.* 0,2 1,09 0,73 | 0,31
Chromium (Cr) 13,5 14,5 12,5 45,5 23,2 71,34 | 42,94 | 21,64
Copper (Cu) 30,5 18 9,5 17,3 56,8 46,72 | 32,52 | 18,32
Nickel (Ni) 9,5 8,5 6,3 22,8 16,3 50,62 | 36,42 | 11,57
Zinc (Zn) 94,5 57 95 94 215,3 |173,71]138,21|74,31
Mercury (Hg) 0,1 n.d.** n.d.** n.d.** 0,1 0,72 0,37 | 0,08

* Detection Limit 0,4 mg/kg DM ** Detection Limit 0,1 mg/kg DM
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The organics fractions (biomass) 2 and 3 are dispensed in the Schaffhausen region as
peat substitute to hobby gardeners and nurseries. The organics 1 fraction will be used
as biomass fuel.

4.1.2 Biomass from MSW

The biomass fractions from MSW (O 2 and O 3) show also a significant decrease of
pollutants and meet the limit values for compost as well.

The following tableTable 4 shows the heavy metal content of the organic fractions com-
pared to the input (MSW < 50 mm) and to the compost from the present KBA Hard as
well as to the average of Swiss compost approved for horticulture. The data are also
compared with the German and Swiss regulations.

Table 4: Heavy metals in the organic fractions from MSW compared to MSW-input and KBA
Hard compost (average)

Parameter | 1o | MSW | MSW | SRR compost | S9VO | Ao
<50 Hard Hort. (D)
Lead (Pb) 190,0 62,8 57,0 47,5 69,7 120 150
Cadmium (Cd) n.d.* n.d.” n.d.” 0,2 0,1 1 1,5
Chromium (Cr) 38,0 46,8 36,0 23,2 20,0 100 100
Copper (Cu) 111,0 75,9 45,5 56,8 58,4 100 100
Nickel (Ni) 245 19,0 17,5 16,3 15,8 30 50
Zinc (Zn) 400,0 227,5 130,5 215,3 155,4 400 400
Mercury (Hg) 0,4 0,1 0,2 0,1 n.d. 1 1

*Detection Limit 0,4 mg/kg DM

Nevertheless, application of the organic fractions from MSW in agriculture is still ex-
cluded because of the origin from MSW. For the current project the material will be used
as low polluted fuel in cement kilns. The required fuel criteria in the cement industry are
comparable with criteria for co-combustion in a coal fired power plant.

To evaluate the properties of the organic fractions from the SCHUBIO®-Process the fol-
lowing tableTable 5 shows the requirements for RDF (formulated by the German
“Bundesgitegemeinschaft Sekundarbrennstoffe” (BGS) and the requirements of a coal
fired power plant for co-combustion of RDF in comparison with the organic fractions.
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Table 5: Heavy metal content of organic fraction from the SCHUBIO®-Process compared to
RDF requirements from BGS and a coal fired power plant

Parameter Coal | yisw. | MSW- | MSW- | Bio | Bio | Bio
in mg/kg DM BGS ';"I’;":tr 01| 02 | 03 | 01 | 02 | 03
Arsenic (As) 5 5 n.d.* n.d. n.d. n.d. n.d. n.d.
Lead (Pb) 190 70 84 61,3 58,8 16 13,3 16,2
Cadmium (Cd) 4 0,4 9,0 n.d. n.d. n.d. n.d. n.d.
Chromium (Cr) 125 125 94,5 39 36,3 14,5 13,2 45,3
Copper (Cu) 350 120 41,5 94,6 45,7 18 9 16,7
Nickel (Ni) 80 80 31,5 21,7 17,5 8,5 6,4 22,5
Mercury (Hg) 0,6 0,6 6,3 0,14 0,2 n.d. n.d. n.d.
Antimony (Sb) 25 25 - 140 n.d. n.d. n.d. n.d.
Tin (Sn) 30 60 23 24 28 n.d. n.d. n.d.
Thallium (TI) 1 1 n.d. n.d. n.d. n.d. n.d. n.d.
Cobalt (Co) 6 6 3 n.d. n.d. n.d. n.d. n.d.
Manganese (Mn) 250 250 108,5 90 110 185 97 155
Vanadium (V) 10 25 n.d. n.d. n.d. n.d. n.d. n.d.

*n. d. = not detected

The plastics content in the material correlates with the heavy metal content and is in-
creasing with particle size of the fraction. Sieving of the organics 2 fraction from MSW
(MSW 02) yields a low-polluted fine fraction, while the plastics are enriched in the
coarse fraction as is shown in tableTable 6 as a result from a sieving test at 20 mm. The
fine fraction < 20 mm and the fine fraction O 3 meet the requirements for co-combustion
in a coal fired power plant.

Reduction of heavy metal pollution is evident. Antimony is even reduced by a factor 20.
Chromium, Copper and Cadmium are also reduced significantly. With less plastic, the
chlorine content is also lower.
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Table 6: Sieving of fraction Organics 2 from MSW at 20 mm

Parameter ngggvmomz “:ggv mom2 MSW O 3

Lead (Pb) mg/kg DM 73,9 91,4 92,7
Chromium (Cr) mg/kg DM 128,4 78,2 100,4
Copper (Cu) mg/kg DM 249,9 68,8 85,5
Nickel (Ni) mg/kg DM 78 52,2 74
Tin (Sn) mg/kg DM 80,8 88,8 61,5
Manganese (Mn) mg/kg DM 205,9 189,7 259,1
Cadmium (Cd) mg/kg DM 5,3 1,4 0,1
Mercury (Hg) mg/kg DM n.d. n.d. n.d.
Antimony (Sb) mg/kg DM 293 12,9 1,1
Chlorine in % DM 1,45% 1,00% 0,38%
Heating value Hu in kJ/kg 23.587 19.626 14.616

Chlorine content is another important parameter for the properties of RDF. By separat-
ing plastics, particularly the chlorine carrier PVC and by reducing the salt content
through washing we can achieve low chlorine pollution. Even co-combustion in a coal
fired power plant is possible. The plastics accumulate in the fraction organics 1 (O1)
with corresponding higher chlorine content (see Figure 6).
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Figure 6: Chlorine content of the organic fractions from MSW and Biowaste
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4.2 Biogas

The liquid phase contains the anaerobically digestible organics and is used for biogas
production. Compared to anaerobic digestion processing the complete waste stream,
the SCHUBIO® -Process reaches a biogas energy yield of 75 % to 85 %.

Table 7: Comparison of biogas yield of different AD processes for Biowaste and MSW

Nm?® Biogas / t Nm:? Methane / t
Material / Process Input Input
Green waste, Biowaste
SCHUBIO® 85 - 110 55- 77
Kompogas - guaranteed 115 63
Kompogas — real value 125 72-80
Dranco - guaranteed 140 77
Dranco- real value 157 90
Strabag - guaranteed 115 n. s.
Strabag- real value 100 - 135 55 - 81
Bekon - real value 87 48
MSW, Household waste
SCHUBIO® 75 - 90 49 - 63
Dry anaerobic digestion
Valorga - real value Hannover Input < 60 mm 100 55 -60
Dranco - real value Bassum Input < 40 mm 130 72-78
Wet anaerobic digestion
Schaumburg - real value 60 39-45
Libeck - design 100 n. s.
Percolation
ISKA - real value Buchen, Heilbronn 40 - 60 26 - 45
ZAK - real value Kaiserslautern 50 - 60 33 -45

Biogas is processed in two CHP-units with 450 kW each. The waste heat is used as
process heat for the thermo-mechanical-celllysis as well as for drying the sewage
sludge, sludge from the digestion tanks and the fine silt fraction from the process. The
final dry matter content is 65 % to 85 %, depending on the amount of waste heat, so
that the waste heat is completely used at all times.

4.3 Waste water

The waste water from AD still contains a considerable amount of nitrogen. Nitrogen
from the waste water from MSW and biowaste is recovered by using a multistep chemi-
cal scrubber. The product is an ammonia-sulfate-fertilizer. The exhaust from the sludge
dryer contains also nitrogen and passes the scrubber where the nitrogen is recovered.
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A part of the pre-cleaned waste water is reused in the process. The excess, pre-cleaned
water is treated in the municipal waste water treatment plant.

The water consumption of the SCHUBIO®-process is low, due to the high mechanical
dewatering and due to the reuse of water in the process (see Figure 3).

4.4 Dried sewage sludge

The sewage sludge and the excess sludge from AD contains several important fertilizer
components such as phosphorus but also Mg, K and Ca. Part of the nitrogen is driven
out in the dryer, but some N is still left.

The dried sludge is incinerated in a Sewage sludge incineration plant. It is planned to
recover heavy metals from the ashes, integrated into the existing fly ash washing, by
reheating and evaporating the heavy metals (Schu and Seiler, 2008). The remaining
ashes are then very low polluted and can be used as fertilizers. Phosphate is then re-
covered not only from biowaste and sewage sludge but also from MSW.

Phosphate recovery is significant because saving resources becomes increasingly im-
portant.

4.5 Inert matter

The SCHUBIO®-process produces different inert fractions, separated after grain size.
These fractions are either already suitable for recycling or will be recyclable with me-
chanical aftertreatment. Since the market for recycling material from MSW is not estab-
lished yet, the inert fractions stones, gravel and sand will be landfilled for the present.
The fine silt fraction < 100 ym is more polluted because of the unfavorable weight-
surface ratio. This fraction is collected separately and dried together with the sewage
sludge.

5 Not recyclable fractions

All output materials described above are nearly completely recyclable. Even the polluted
surplus sludge and the fine silt fraction, designed as pollutant sink of the process, can
be partly recycled as material.

Only the coarse fraction from mechanical pretreatment and the fraction organics 1 are
not recyclable. These fractions consist mostly of plastics. They are baled and inciner-
ated in a waste incineration plant.
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There is currently no sustainable solution for material recycling of mixed plastic in sight.
Because of the high pollution level the material can only be incinerated in a waste incin-
eration plant.

One of the main purposes of the SCHUBIO®-Process is the separation of plastics from
biomass, to ensure the usability of the biomass fractions. Several process steps are
important for this purpose:

1. Selective shredding and separation of a plastics-enriched coarse fraction by sieving
at 100 mm.

2. The biomass from the fraction 50 — 100 mm is concentrated in the fraction < 50 mm
by washing and pressing. The fraction > 50 mm contains the plastics.

3. In the fraction < 50 mm, the biomass is ground to a particle size of < 10 mm by wash-
ing and pressing at high temperature. By sieving at 10 mm, the coarse fraction with
plastics is separated from the biomass fraction.

The separated biomass fractions are low polluted and can be used as substitute fuel in
biomass incineration plants, coal fired power plants and cement kilns or used in agricul-
ture as peat substitute.

The depletion of pollutants in the biomass fraction by sieving as described in chapter
4.1 causes in reverse increased pollution in the plastics enriched coarse fraction. This
coarse fraction is therefore similarly difficult to recycle as the other plastics enriched
fractions. The problems with the disposal of plastics with regard to their pollution level
are described in a separate publication by Reinhard Schu.
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Simplified Treatment of Municipal Solid Waste
by Adjustment of Percolation

BIOLEACHATE?® Process

Peter Schalk
InnoWaste, Germany

Abstract

Mechanical and biological treatment has become established as a concept for handling
municipal solid waste. The biological process aims to degrade the organic fraction of the
waste to a stabilized product through fermentation and rotting processes. The organic
fraction and water are the main sources of emissions on landfills. Therefore waste
treatment is especially focused on the wet organic fraction. There is a direct relationship
of organic waste and water content through biological degradation and dewatering of
solid waste. Most of the MBT-systems have been developed and installed in countries
with a sanitary management of municipal solid waste which is financed by public fees or
waste charges. When applied in developing and emerging countries these technologies
initially have to be adjusted technically for a different composition of solid waste firstly.
Secondly the limited budget for treatment of municipal solid waste requires to a cost-
effective facility process. As a result for this application the approved system of percola-
tion is adjusted to the simplified treatment, BIOLEACHATE?® process.

Inhaltsangabe

Die mechanische und biologische Abfallbehandlung hat sich als ein Konzept zur Aufbe-
reitung von Siedlungsabféllen aus Haushalten und Gewerbe etabliert. Dabei steht die
biologische Behandlung im Zentrum der Aufbereitung. Die biologische Umsetzung zielt
auf den Abbau durch Vergarung und Rotte, um den biogenen Abfallanteil zu reduzieren
und ein stabilisiertes Endprodukt zu erzeugen. Durch Abbau und Entwasserung ent-
steht ein vergleichsweise hoch belastetes Prozess- und Abwasser, das einer Reinigung
zu unterziehen ist. Die meisten MBA-Systeme sind in Landern mit relativ geordnetem
Abfallmanagement entwickelt und installiert worden. Bei Anwendung der Technologien
in den Schwellenldndern muissen erstens diese technisch der andersartigen Abfallzu-
sammensetzung angepasst werden. Zweitens sind kostenreduzierte Behandlungsme-
thoden gefragt. Das bewéahrte Perkolationssystem wurde deshalb zu dem vereinfachten
Verfahren BIOLEACHATE® modifiziert.

Keywords

anaerobic digestion, biodegradation, biogas, dewatering, leaching, mechanical-
biological treatment, percolation, process water treatment, reduction of pollutants, waste
water treatment
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1 Mechanical and Biological Treatment of Mixed Municipal
Solid Waste

1.1 Introduction

Throughout the world the treatment and utilisation of municipal solid waste based on
economic and ecological aspects is gaining increasing importance. With reference to
the global problem of preserving natural resources and promoting environmental protec-
tion waste management is concerned with the following central ideas:

¢ Conservation and management of natural resources
¢ Waste avoidance (quantity and toxicity)

e Waste reuse and recovery (materials, energy)

o Safe disposal (landfilling, incineration).

In most countries, industrial and household solid waste are disposed at dumpsites.
Landfill disposal, in particular of waste containing organic fractions, is producing signifi-
cant emissions (outgasing of odours and methane, release of leachate). For this reason,
there are specific requirements concerning the location and the operational manage-
ment of landfill sites. European regulations require a pre-treatment and especially the
reduction of organic fraction before disposal on a dumpsite (EC Landfill Directive 1999):

e Waste recovery of recyclable fraction

¢ Biological treatment of biodegradable solid waste:
recovery of organic fraction (composting)
production of biogas (anaerobic digestion)

reduction of the mass of biological degradable solid waste

1.2 Development of Percolation

In 1997 WEHRLE-WERK AG, Emmendingen, a medium-sized company in Germany
which is working in the field of energy and environmental technologies bought the li-
cence for percolation of municipal solid waste. At this time | was responsible for re-
search and development of this idea to technical scale. From 1997-1999 a pilot plant
(BIOPERCOLAT®) was continuously been operated at ZAK Kahlenberg dumpsite, Ger-
many. In 1999 as a result of its successful development Kahlenberg gave the order to
build a plant designed for a throughput of 18,000 t/y mixed solid waste. The technical
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plant operated from 2000 to 2003 during this period biological drying of residual waste
and mechanical separation were added to ZAK process. This technical plant achieved
proved and reliable results with respect to technology and economics. In 2004 ZAK
Kahlenberg decided to build a plant designed for a throughput of 100,000 t/y. This plant
was commissioned in March 2006 and the waste treatment is operating at a steady
state for more than two years. The ZAK process is definitely one of the most innovative
mechanical-biological waste treatment for municipal solid waste with an advantageous
combination of aerobic processing and anaerobic digestion.

Mechanical
Pretreatment
[;_ Paper, Packaging
— =8
Metals € e— Percolation Biological Drying
> )

Off-gas treatment
Mechanical
Separation

Electric current

1m

Heat

v \ A
= O OO

Inerts  Solid recovered fuel

Co-Generation

Anaerobic Digestion Aerobic Waste
Water Treatment

Fig. 1: MBT concept ZAK Kahlenberg

Mechanical-biological treatment is carried out with mixed municipal solid waste includ-
ing the biowaste (30-50% mass). In this case the solid waste treatment is mainly fo-
cused on weight reduction and stabilisation of the municipal solid waste. The organic
proportion of the waste is converted to biogas. The dewatered and dried residual waste
allows material and energy utilisation (waste-for-recovery and waste-for-energy). The
concept Kahlenberg has following process stages.

Mechanical and Biological Treatment

Mechanical pre-treatment (screening, separation of metals and bulky refuse)

Biological treatment (percolation, degradation, biogas production)
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Biological Drying

Increasing calorific value of solid recovered fuel
Preparing for mechanical separation

Mechanical separation
Separation of inert fractions and solid recovered fuel

This process combination is one of the first of its kind to combine anaerobic digestion
with subsequent production of solid recovered fuels from mixed residual waste. Con-
trary to the conventional mechanical-biological treatment the residual waste is not land-
filled but is in fact reused as a source of energy.

1.3 Operating Results of Percolation and ZAK

The percolation process produces easily convertable organics and accelerates the an-
aerobic digestion. The main benefits of percolation are dewatering and mass reduction
of residual waste. The biological process of the percolation supports an effective drying
within 7 - 9 d of retention time. The solid recovered fuel with a residual moisture content
of 15 % contains a calorific value of 11,000 to 22,000 kJ/kg. The municipal solid waste
is reduced to about 35 % solid recovered fuel which is used for energy recovery as in-
dustrial combustion (Fig. 2).

Another 11% is removed by biological degradation. When converted it results in a spe-
cific biogas production of about 70 m3/t (70 % by volume CH,) of treated solid waste.
The plant operation is self-sufficient in energy and more than one third of electricity is
for sale. Warming up the anaerobic digestion (mesophile) needs approx. 50 kWh/t and
heat for sale is up to 200 kWh(t.

Degradation and dewatering result in excess water (30 %) which is treated by an aero-
bic waste water treatment (membrane bio-reactor system). About 10 % of inert sub-
stances are discharged from the original municipal solid waste.
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Fig. 2 Mass balance of the Kahlenberg concept (PERSON, SCHREIBER, GIBIS 2008)

2 Adjustment of Percolation to BIOLEACHATE® Process

2.1 Reasons for Adjustment of Percolation

The percolation process was developed for mixed municipal solid waste and has been
operating reliable for more than 6 years in technical plants in Germany. When applied to
developing and emerging countries percolation must initially be adjusted technically for
a different composition of mixed solid waste and also for a limited budget for waste
treatment. In comparison with German solid waste the organic fraction and water con-
tent are often much higher in these countries. The wet organic fraction starts biological
processes even in the bins and the treatment plants receive a mixed waste with a high
bioactivity. Additionally overcrowded areas are generating multiple waste exceeding the
capacity of most of MBT processes that operate up to 2,000 t/d throughput. The reten-
tion time of biological treatment requires large plants and great efforts in operating man-
agement.

Secondly the limited budget for treatment of municipal solid waste requires a cost-
effective processing facility. The starting point of developing and emerging countries for
treatment of municipal solid waste is much lower than German waste management.
Lower cost technologies are required. As a result for this application the approved sys-
tem of percolation is adjusted to the simplified treatment, BIOLEACHATE® process.
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2.2 Leaching and Dewatering

The wet organic fraction keeps water in the centre of the treatment of municipal solid
waste. Water is the main fraction of solid waste. It has a key role in biological processes
as hydrolysis and aerobic treatment (see Fig. 3).

Integration of Treatment Solid Waste and Water

Hydrolysis Biogas
Aerobic Processing Off-Gas
Dewatering

Elimination of Pollutants

l‘ Water is in the centre of treatment municipal solid waste

Fig. 3 Water in the centre of treatment of MSW

Technically leaching is the washing out of soluble organic fractions for anaerobic diges-
tion. After less than 18 hours of treatment more than 80% of soluble COD is leached
into process water (see Fig. 4). Shortly after beginning leaching the formation of organic
acids increases (beginning of hydrolysis). Soluble pollutants (i.e. ammonia and odours)
are also eliminated from residual waste.
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Fig. 4 COD and organic acids from leaching and biogas production

2.3 BIOLEACHATE?® process

The BIOLEACHATE® process is derived from the percolation process and has its main
elements in process water treatment. Mechanical pre-treatment is done by sieving and
removal of metals, plastic foils and cardboard (see Fig. 5)

The screen underflow which contains the bio-organic fraction goes to the leaching proc-
ess. Easily soluble and odoriferous substances are washed out or are dewatered from
solid waste by the mechanical press. After separation of sand and inert fractions proc-
ess water is degraded aerobically within the hydrolysis reactor. The process water is
converted anaerobically into biogas. The generated biogas is used for energy produc-
tion in a combined heat and power generator.
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Fig. 5: BIOLEACHATE® process

The effluent of the anaerobic digester is reused as process water for leaching. Part of
the circuit water and the excess waste water are treated in an aerobic process water
plant. The organic fractions and nitrogen compounds are removed by denitrification and
nitrification in a membrane bioreactor system.

The solid output of BIOLEACHATE? is treated by subsequent rotting to break down bio-
logical activity before landfilling. Another option is to reduce moisture by aerobic drying
to produce solid recovered fuel (waste-to-energy). The leaching process prepares ex-
cellently residual waste for final rotting or biological drying. Soluble organics are con-
verted to biogas and ammonia is washed out by leaching thereby supporting aerobic
processes. There is also no biological break between anaerobic digestion and rotting as
known in other systems. After the leaching process there are still enough organics
which are easily degradable providing biological energy for aerobic processes.

3 Conclusions

The biological processing remains the centre of the mechanical-biological treatment of
municipal solid waste. The biological degradation and dewatering of the
BIOLEACHATE?"® process are leaching out most of pollutants into process water. In-
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noWaste has a broad and long experience in the percolation of municipal solid waste
and the treatment of process water. The adjustment of percolation to the
BIOLEACHATE?® process is applicable to emerging countries with huge waste problems
and limited budget for financing the treatment of solid waste.
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Vermicomposting of Unsorted Municipal Solid Waste

Rui Berkemeier
Quercus — Associagao Nacional de Conservacao da Natureza, Lisbon, Portugal

Abstract

The Vermicomposting (aerobic composting with red earthworms) of unsorted mixed
Municipal Solid Waste (MSW) being pioneered by Lavoisier, a Portuguese enterprise,
with the support of the NGO Quercus, is an adaptation of an organic waste treatment
technology that has been around for a long time. The innovation is the application of
earthworm composting to the treatment of mixed MSW allowing immediate diversion
from landfill and high levels of separation of recyclables.

The process, installed by the AMAVE - Municipal Association of River Ave Valley, in-
cludes a pre-composting phase in order to prepare the waste to feed the worms.
Through pre-composting organic waste is digested by aerobic micro organisms. After
this phase worms are fed with waste and digest the remaining organic matter, producing
humus and cleaning plastics, glass and metals.

Keywords

Vermicomposting, Earthworms, Biowaste, MBT, Humus, Recycling, MSW, Plastic

1 Introduction

The vermicomposting (aerobic composting with red earthworms) of unsorted mixed
MSW, being pioneered in Portugal by the enterprise Lavoisier with the support of the
NGO Quercus, is an adaptation of an organic waste treatment technology that has been
around for a long time. The innovation is the application of earthworm composting to the
treatment of unsorted mixed MSW allowing immediate diversion from landfill and high
levels of separation of recyclables.

The development of this technology started in 2005 with some tests in a pilot unit in
Palmela, Setubal. The results were very interesting and proved that earthworms could
digest organic matter that makes up mixed MSW. Paper and cardboard disappeared,
glass and metals were clean and plastics loose the odour of waste.

After those experiments, some Vvisits to recycling facilities took place in order to check
the opinion of recyclers about plastics and glass obtained through this process.

All the nine visited industrials showed saw good perspectives for the materials and so a
decision was made to propose a project to the Portuguese Green Dot System (SPV —
Sociedade Ponto Verde) to study the feasibility to obtain raw materials for recycling with
this new technology on an industrial scale. The Green Dot System approved this project
and 79 000 euros were then available to buy equipment for the Vermicomposting facility
and to do the tests in the recycling units.
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At the same time contacts were made with several multi municipal waste management
systems to find out the possibility for construction of an industrial MSW Vermicompost-
ing unit and finally the Municipal Association of the River Ave Valley in Guimaréaes
(AMAVE) decided to go ahead with a projec