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Foreword by the President
Point Of View
I am pleased and proud to be able to present to you the second annual report
of our foundation. However, our point of view is not restricted to the usual
230 working days of 8 hours each. Our annual report reflects much more: a
continuous grapple with technical challenges, whether during the night shift
or in our free time, much in keeping with the modern concept of 24/7 availability. Creating new technological processes and searching for innovative
solutions is not simply a „job“ but rather a passion – a passion that continues
around the clock.
The (other) point of view finds its expression in the fact that we at ZAR want
to practice unlimited, cross-linked thinking. It is not providing proof of steps
in the technical process that we consider to be important but rather their
concrete implementation in the daily business of a waste incineration plant.
We are therefore proud that the exponents of Zurich‘s five waste incineration
plants are supporting the realisation of a comprehensive bottom ash treatment facility as a part of the KEZO waste recycling plant in the Zurich Oberland region. The plan is to establish a new public liability company that will
offer its services for treating dry bottom ash to various companies step by
step. The employees at ZAR and all of the participating know-how contributors are pleased to have made such a major contribution to an ecologically
ground-breaking and economically interesting waste processing project.
Developments at ZAR are, however, not only in-depth but also across the
width. For instance, in a second development step we want to extend our
efforts to include the mineral fraction in the bottom ash. It is an unavoidable
fact that this will require further means. However, I am convinced we can
accumulate the necessary (financial) resources we need to continue recovering metallic and mineral resources in cooperation with existing and new
donors.
I would like to take this opportunity to thank all of our employees, the
members of the technical advisory committee and the foundation board, and
all of our donors.

Dr. Ueli Büchi
President of the Foundation Board
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Activity Report 2011
Residue from waste recycling - raw materials of the future
Thermo-Recycling
The brand
was registered at the beginning of 2011.
Today, Thermo-Recycling stands for the efficient recycling method practiced
in a modern incineration plant with dry bottom ash discharge. With the
conventional wet bottom ash discharge method the bottom ash is falling into
a water bath. This results in various irreversible chemical reactions that make
efficient bottom ash processing difficult if not impossible, especially with
regard to very fine fractions. Firstly, various chemical reactions similar to the
hydration reaction in cement take place within the mineral material. This
causes the bottom ash to harden and binds the mineral material with the
metallic components. Secondly, the contact with water causes the metals, in
particular aluminium components, to oxidise. These wet chemical reactions
do not take place during dry bottom ash discharge. We are thus able to better
utilise the large potential of base materials in the bottom ash and in doing so
generate a significant environmental benefit.

4|

Projects / Events 2011
Improvement in the efficiency of non-ferrous (NF) metal separation
The separation of NF metals in fine bottom ash processing for particle sizes
between 0.7 to 5.0 mm is implemented via two eddy current separators
connected in series. Each eddy current separator has an efficiency of 75 %.
Connecting the two eddy current separators in series produces an overall
efficiency for the separation of NF metals of 93.8 %. The repulsion behaviour
of NF metals was filmed and evaluated using a high-speed camera. It was
noticed that a large quantity of NF metals were repelled by the magnetic
drum but were not separated from the mineral fraction by the separating
plate due to their trajectory. The eddy current separator‘s setting parameters
did not allow for any significant improvement in efficiency.
An incline was implemented in the first of the two eddy current separators
on the basis of preliminary trials with slanted conveyors. This modification
had a positive effect on the trajectory of NF metal components and enabled
an increase in efficiency of 7 % absolute to 82 %. Combining two slanted
eddy current separators has increased the efficiency rating of the NF separation process from 93.8 % to 96.8 %. Despite this distinct improvement in
efficiency around 0.2 % of NF metals still remain in the mineral fraction of
fine bottom ash. One of ZAR‘s goals is to increase the already high level of
efficiency even further.
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Raw materials from dry bottom ash: NF fraction product development
The treatment plant for NF metals was commissioned in 2010. The plant‘s
performance is so efficient that the four previous metal fractions could be
maintained. The plant produces two aluminium and two NF precious metal
fractions with particle sizes from 0.7 – 3.0 mm and 3.0 – 5.0 mm. In 2011
around 100 tons of aluminium were sold to foreign smelting plants that
produce raw materials for casting houses from the two fractions. The sale of
these fractions is made easier by their consistently high quality.
22 tonnes each of fine and course NF precious metal fractions were also
produced during 2011. The assumption to date was that the proportion of precious metals (gold, silver, palladium, etc.) in the fine NF fraction
(0.7 – 3.0 mm) is much higher than in the course fraction (3.0 – 5.0 mm).
It is for this reason that the fractions were sold separately. However, various
analyses have shown that both fractions have a similar proportion of precious
metals. The treatment plant enables the concentration of various metals to a
very high degree; the copper content in both fractions, for instance, is more
than 60 %. Consequentially, both fractions were shipped to a precious metal
smelting plant for processing. The concentrations of precious metals corresponded approximately with analyses and therefore with expectations.
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The mineral fraction in dry bottom ash
Landfill
The mineral fraction in dry bottom ash is around 85 %. Bottom ash that
is treated using current methods still has a residual metal content after
processing. However, only a very small proportion of this residue is elementary metal. The large majority consists of metallic salts. According to the Technical Ordinance on Waste (TVA), which prescribes limit values for eluate and
the overall metal content (elementary metals and metallic salts), also dictates
that processed dry bottom ash must be deposited in landfills. In addition,
we do not currently have any long-term experience with the deposition and
emission behaviour of dry bottom ash in landfills.
ZAR is currently conducting trials with dry bottom ash processed via different
methods to simulate deposition behaviour in landfills and to gain initial experience. It will hardly be possible to move away from land filling in the short to
mid-term. Nonetheless, we still want to treat dry bottom ash as best we can
to ensure landfills do not cause any problems in the future.
Construction materials
As Switzerland does not have an endless supply of landfill space, one of ZAR‘s
long-term objectives is to use the dry bottom ash, or at least some of its fractions, as construction materials. Specific trials on possible uses are necessary to account for the significant differences between the requirements of
various construction materials. Initial trials have already been carried out, but
the question as to whether and when bottom ash can be used as construction material is still open. Trials will be intensified in 2012.
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Screening
Reducing the grain size range for the individual processing steps significantly
increases the quality of base products produced from bottom ash treatment.
A processing line that treats bottom ash grain sizes from 0 – 20 mm will never
achieve the same quality as a plant with different lines for processing reduced
grain size ranges from 0.1 – 0.7 mm, 0.7 – 5.0 mm and 5.0 – 20.0 mm.
Screening is therefore a core function that takes place before the actual treatment process. Tried and tested screening systems are available for grain sizes
exceeding 5 mm, whereby they differ considerably with regard to availability
and maintenance. The majority of these systems, however, are not suitable
for 24-hour operation; the screens also require routine checks to guarantee
good fractionation and reliable operation.
Constructing an ultra-fine bottom ash processing plant only makes sense if
the fraction it is intended to process (0.1 – 0.7 mm) is reliably and continuously available. Although ultra-fine bottom ash is a bulk material with excellent flow characteristics, the many wires as well as the abrasive properties
of bottom ash represent a huge challenge to maintaining continuous, highquality screening. A tailor-made screening machine is all the more important
when further requirements include a relatively high throughput rate, low
energy consumption and compact dimensions. The ZAR team invested a lot
of time in modifying a serial product that copes well with the required particle
size (0.1 – 0.7 mm) in other applications for use with fine-grain bottom ash.
A modified screen has been in continuous use for the past three months;
the quantity of undersized grains in the target fraction is less than 5%. It is
therefore possible to charge the ultra-fine bottom ash processing plant with
a defined input product, which is indeed a prerequisite for successful operation.
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Processing NF metal concentrates
Some processing strategies focus solely on the concentration of NF metals.
The aim of this strategy is to keep plant technology as simple and cost-effective as possible and to pass on the pre-concentrate for further processing at a
specialised external plant to produce a marketable product.
A pre-concentrate of this nature was subjected to further processing at
KEZO’s fine bottom ash processing plant. The proportion of NF metals in
the pre-concentrate amounted to around 40 %; the remaining 60% were
foreign substances. An analysis of the mainly mineral substances revealed
a remaining NF proportion of approximately 4 % in the minerals. It would
therefore be expedient to subject foreign substances to further processing.
In summary it can be said that the production of a pre-concentrate reduces
the degree of efficiency, or that an additional process increases treatment
costs in comparison to the ZAR processing method. We are therefore
convinced that applying a technologically more elaborate method to process
bottom ash right from the start in order to produce high-quality, marketable
products makes sense from both an ecological and an economic viewpoint.

Services
External companies once again made use of the plant this year to process
fine bottom ash and NF metals (pre-concentrates). Trials to determine the
residual metal content in various materials were also conducted. The data
gained from these various services provide the companies with valuable
information on the composition, resource proportion and the degree of efficiency of their own processing plants.
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Course bottom ash processing
As of the end of 2013 the dry discharge method will be applied to the bottom
ash from all of the furnace lines at the KEZO incineration plant in the Zurich
Oberland region. An industrial bottom ash processing plant will be taken into
operation at the same time. The plant is a project of Zurich‘s waste recycling
association, ZAV. The plant‘s capacity is designed to cope with the bottom ash
from all of the incineration processing plants in the canton of Zurich.
Bottom ash processing plants for wet extracted bottom ash are very commonplace. The processing plant for dry bottom ash will differ significantly from
those for treating wet bottom ash as dry extracted bottom ash has different
properties.
Various preliminary trials have taken place and a plant concept has been
developed to enable the plant to enter into operation in 2013. The bottom
ash will presumably be fractionated into different grain sizes to achieve a high
degree of separation efficiency. The plant is designed for continuous operation with the exception of manual sorting for large components. Comminution is imperative as bottom ash is very heterogeneous and contains many
embedded metallic components. The concept is designed to break down
the entire dry bottom ash material into smaller grain sizes over a number of
stages to free and continuously sort out the embedded metallic components.
Current fine bottom ash processing (0.7 – 5.0 mm) will only be one part of
the plant. The efficiency of this bottom ash processing method is intended to
set new standards.
Visits
STIFTUNG ZENTRUM FÜR NACHHALTIGE
ABFALL- UND RESSOURCENNUTZUNG

Technischer

STATUSBERICHT
Thermo-Recycling
Stand Oktober 2011

The ZAR Foundation welcomed more than 50 delegations and informed
them of ongoing projects. Around one quarter of visitors came from abroad.
Tours of the processing plant and direct contact with the resulting products
have left a lasting impression on many a visitor.
Presentations
The results of ZAR projects were presented to broad audiences at various
conventions and meetings in Canada, Sweden, Germany and Switzerland.
Publications
A Technical Status Report was published in October 2011 in German.
Personnel
Albino Mirás joined the ZAR team in 2011.
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Visions and Goals
Taking a closer look
The construction of the ultra-fine bottom ash processing plant is an important
milestone en route to realising the ZAR vision. We never once thought that
our intensive involvement with ultra-fine bottom ash would conjure up so
many new and exciting challenges. We have meanwhile reached a grain size
that is no longer visible to the human eye. The magnifying glass in the pockets
of ZAR team members has become an important tool. Conventional technology is no longer adequate when the bottom ash grain is so fine that even
the slightest breath of wind is enough to blow it away. Consistently aligning
the processing method to suit the specific material properties of ultra-fine
bottom ash is the only way to success – any kind of technical compromise will
undoubtedly lead to failure.
Numerous ideas were evaluated and discussed with many experts. Ultimately,
ZAR had to decide on one specific plant design. The supplier does not guarantee plant performance – responsibility lies with the ZAR team. Installing
and commissioning the plant is the easy part. This is followed by the long and
often arduous path of optimisation. At the end of the path we expect to find
aluminium powder, precious metal powder and ultra-fine bottom ash from
which virtually all metal content has been separated out. We have our sights
set firmly on this goal and want to achieve it by the end of 2012.
Although we have a vision for the mineral fraction we are still a long way
away from its technical implementation. This fact is a challenge to ZAR to
concentrate more on the matter and dedicate more personnel resources
to the area. We are planning for the long-term and do not expect a breakthrough any time next year. We will remain focused and are convinced that
the ever-growing ZAR network will provide us with the indicators we need to
succeed in the near future
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Mile stones
2005
2006
2007
2008
2009
2010

Initial trials with dry bottom ash discharge on furnace
line 2 at the KEZO incineration plant
Long-term trials with dry bottom ash discharge on
furnace line 2 with ram bottom ash extractor and
screening machine.
Conversion of furnace line 2 to dry bottom ash
discharge.
Fine bottom ash treating plant taken into operation.
Conversion of dry bottom ash discharge on furnace
line 2.

January
The foundation „Development centre for sustainable
management of recyclable waste and resources ZAR“
is established.
The founding members are AWEL, VBSA and KEZO.

February
Dry bottom ash discharge taken into operation on
furnace line 3.
50 % of KEZO fine bottom ash is processed on site.

April
NF processing taken into operation.
Dividing the NF fraction into an aluminium and a
precious metal fraction sustainably increases the
value added by NF metals.

December
Creation of the Thermo-Re brand.
The great potential of Thermo-Recycling as an
alternative to mechanical processing is recognised.
Trademark protection for Thermo-Re
is
applied for.
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2011

May
Optimisation of the eddy current separators. The
degree of efficiency of an NF separator for fine bottom
ash is increased by 7 % to 82 %.
Various analyses of the repelling behaviour displayed by fine NF metals causes us to set the eddy
current separator at an incline.
This approach needs to be confirmed for other
particle sizes.

July
Specifications for processing ultra-fine bottom ash.
A new eddy current separator had to be developed
to enable reliable separation of ultra-fine NF metals
(0.2 – 0.7 mm).
The company SGM-Magnetics in Brescia (I) was willing and able to construct a new, very compact eddy
current separator on the basis of ZAR specifications.

October
Optimisation of screening in continuous operation
mode.
Screening ultra-fine bottom ash in continuous operation mode is a tough challenge due to the many
wires and the abrasive screen material.
It took many optimisation attempts to achieve reliable screening for ultra-fine bottom ash in the 0.15
mm range. Ultra-fine screening has been in successful operation for three months.
Conclusion of product development
Product development work for the aluminium granulate (0.7 – 3.0 mm and 3.0 – 5.0 mm) was brought
to a successful conclusion. The aluminium granulate
is sold directly to various smelting plants.
The first 44 tons of NF precious metal granulate
processed by a precious metal processing plant.
The profits meet our high expectations
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Organisation
Foundation Board

Managing Director

Secretariat

Processing
Production

Technical Advisory
Committee

Product Development
Analytics
Marketing
Materials Accounting

Foundation Board (as per 31.12.2011)
The foundation board is the supreme organ at ZAR. It currently consists of
eight members comprising representatives from the waste management
industry, the base materials industry, the recycling industry and environmental authorities. The foundation board represents ZAR in strategic, contextual and financial issues. The foundation board convenes at least twice a year
and decides on the budget and the annual program.
Presidency
Dr. Büchi Ueli

President of the KEZO supervisory board

Vice Presidency
Dr. Fahrni Hans-Peter Senior Consultant
Board Members
Adam Franz

AWEL, waste management and operations
Department head

Ammann Pierre

VBSA, Association President

Arrizoli Andreas

Hitachi Zosen INOVA AG, Flue gas treatment systems
Managing Director

Christen Daniel

SARS Swiss Automobile Recycling Foundation
Managing Director

Dr. Hediger Robert

SENS International, Managing Director

Kalunder Werner

BEREUTER HOLDING AG, CEO

Martin Johannes J. E. MARTIN GmbH, Managing Director
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Technical Advisory Committee
The Technical Advisory Committee supports the managing director in the
pursuit of the foundation‘s objectives. It consists of members who have a
high degree of expert competence and complement the competencies of the
managing director.
Dr. Morf Leo (chairman)
Department for Waste Management and Operations, Canton Zurich
Incineration Plants and Sludge Processing
Prof. Dr. Brunner Paul
TU Wien, Institute for Water Quality,
Resource Management and Waste Management, Vienna
Bühler Anton
BSH Umweltservice AG, Sursee
Prof. Dr. Hellweg Stefanie
ETH Zürich, Institute for Environmental Engineering, Zurich
Dr. Kündig Rainer
Swiss Geotechnical Commission, Zurich
Dr. Liechti Jürg
Neosys AG, Gerlafingen
Dr. Johnson Annette
Eawag, Dübendorf, Water Resources and Potable Water
Sigg Alfred
Hitachi Zosen INOVA AG, Zurich
Streuli Adrian
Jura Cement, Wildegg
Dr. Christoph Zeltner
Stahl Gerlafingen AG, Gerlafingen

Operation
Managing Director
Daniel Böni
Process development and production
Fabian Di Lorenzo
Albino Mirás
Peter Schellenberg
Secretariat
Francesca Bruno
Engineering
STAG AG, Maienfeld
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Financial Report
Income Statement

Statement 2011
in CHF

Budget 2011
in CHF

Budget 2010
in CHF

Income from Donors

825‘000

1‘004‘400

755‘000

Income from interest

3‘155

0

142

828‘155

1‘004‘400

755‘142

Personal costs

446‘679

389‘000

349‘010

Material costs

63‘085

20‘000

55‘780

Analyses

40‘333

80‘000

7‘038

Cost of third party services

80‘195

75‘000

55‘105

Maintenance / Optimisation

754

0

24‘458

Administration costs

498

2‘500

166

Advertising costs

4‘291

2‘500

7‘941

Cost of representation

3‘017

20‘000

10‘920

120

0

1‘907

4‘352

10‘000

7‘511

472

0

44

Income

TOTAL INCOME
Expenditure

Foundation board expenses
ZAR operation expenses
Bank expenses
Equipement

100‘000

Miscellaneous

20‘000

Total EXPENSES

RESULT
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643‘796

719‘000

519‘880

184‘359

285‘400

235‘262

Balance Sheet

31.12.2011
in CH

31.12.2010
in CHF

Raiffeisen Uster CH22 8147 1000 0047 5263 5

650‘762

764‘022

Raiffeisen Uster CH49 8147 1000 0047 5263 4

0

100‘006

Raiffeisen Uster CH59 8147 1000 0047 5264 8

351‘639

ASSETS

Debtors
Input taxes on debtors
Withholding tax on debtors
TOTAL ASSETS

451

44‘238

0
1‘104
1‘003‘956

908‘266

-15‘005

-15‘573

0

-17‘173

- 435‘716

- 521‘440

29‘594

0

Transitory liabilities

- 63‘208

- 18‘818

Foundation capital

- 100‘000

- 100‘000

Project reserves

-235‘262

0

TOTAL LIABILITY

-819‘597

-673‘004

184‘359

235‘262

LIABILITY
Creditors
Input taxes on creditors
Depths towards KEZO
Sales tax

ANNUAL RESULT (Project reserve)
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Founders
AWEL

Amt für Abfall, Wasser, Energie und Luft des Kantons Zürich
(The Cantonal Department of Waste, Water, Energy and Clean Air of Zurich)

VBSA

Verband der Betreiber Schweizerischer Abfallverwertungsanlagen, Bern
(Association of operaters of Swiss waste recovery plants, Berne)

KEZO

Zweckverband Kehrichtverwertung Zürcher Oberland, Hinwil
(Consortium waste recovery for region Zurcher Oberland, Hinwil)

Donors 2011
In alphabetical order
AFATEC A/S

Soborg (DK)

BACHEMA AG

Schlieren

Deponie Leigrueb AG

Lufingen

ERZ Entsorgung und Recycling Zurich

Zurich

Hitachi Zosen INOVA AG

Zurich

Kanton Zürich

Zurich

KEZO Kehrichtverwertung Zürcher Oberland

Hinwil

LIMECO
MARTIN AG für Umwelt- und Energietechnik
REAL Recycling, Entsorgung, Abwasser Luzern
SATOM AG
STAG AG
Stadtwerke Winterthur Kehrichtverwertungsanlage

Dietikon
Wettingen
Lucerne
Monthey
Maienfeld
Winterthur

SARS Stiftung Autorecycling Schweiz

Berne

TBF + Partner AG

Zurich

Toggenburger Unternehmungen

Winterthur

Verband KVA Thurgau

Weinfelden

VetroSwiss

Glattbrugg

Wiedag Recycling und Deponie AG

Oetwil a.S.

Zweckverband für Abfallverwertung im Bezirk Horgen
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Horgen
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Activities 2012
ZAR
Project
1
ULTRA-FINE Bottom Ash processing (0.1 - 0.7 mm)
Detail Engineering
Construction and commissioning
Optimisation
2
Landfill (Palloxen trail)
Influence of NE-/FE-componenents on temp. / H2 / NH3 / NH4+ in the bottom ash
3
Thermorecyling
Resh
Mixed Plastic - Electronic scrap
Contaminated substrate
4
Product development
NF heavy (0.7 – 5.0 mm)
NF metals (0.1 – 0.7 mm)
Aluminium (0.1 – 0.7 mm)
NF metals / rare metals (0.1 - 0.7 mm)
5
mineral Proportion in the bottom ash
Characterisation and potential of mineral content
Product specification and -development
6
Wet Chemical processing
Basic trails on wet chemical treatment of bottom ash dust (< 0.1 mm)
7
course bottom ash
Trails on mineral triage
Comminution trials on the landfill
Basic engineering processing plant
Iron processing
Detail engineering processing plant
8
Central bottom ash processing
Concept
Botton ash loading analogue ERZ Hagenholz, Zurich
Bottom ash loading at the processing plant
Logistics
AnalytiCs
9
Sampeling and processing
State of the art
Evaluation analytics (differences between metals and oxides)
State of the art
10
State of the art evaluation
State of the art determination
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4. Quarter
2011

1. Quarter
2012

2. Quarter
2012

3. Quarter
2012

4. Quarter
2012
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Image Caption
Titel

Big Bags each with one ton of NF precious metal granulate

4

NE precious metal fraction

5

High-speed camera test on an eddy current separator
High-speed camera evaluation unit Slanted eddy current
separator

6

One ton of NF precious metal fraction 0.7 – 3.0 mm in a Big
Bag

7

Landfill trials:
Production of samples with the mineral proportion in the
bottom ash
Washing trials with the mineral proportion in the bottom ash
Production of samples using cement

8

View of the 0.7 mm screen

9

Processed NF pre-concentrate

10

Title photo of the Technical Status Report, October 2011

11

Magnifying glass

13

© Ultra fine bottom ash screening plant,
SGM Gantry S.p.A, Italy

19

Screening plant for fine and ultra-fine bottom ash screening

21

Landfill simulation trials

Rear Side

Process diagram - Bottom ash treatment at KEZO
(as at March 12)
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Dry Bottom Ash Discharge
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Process diagram - Bottom ash treatment at KEZO (as at March 12)

