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Afatek is a Danish company owned by five public waste companies in east Denmark.
They operate a total of six Waste-to-Energy (WtE) plants incinerating about 1.2 million
tons of waste per year with the production of about 250,000 tons of bottom ash (IBA)
per year corresponding to about 40 % of the Danish market.
The company is responsible for the complete process of transportation of the bottom ash
to the processing sites, the processing where metals are recovered and where the minerals
are up-graded and finally used in road constructions.
In recent years, a semi dry concept for efficient recovery of both the metals and the minerals has been developed.
Metals are recovered in particle sizes down to 0.5 mm with recovery rates on the level of
85 % with a potential to even 90 %.
The mineral fraction is used in road constructions, where gravel is substituted and thus
not need taken out from Danish gravel pits. A test project showed that the bearing capacity of the minerals is just as high as in natural material and thus may allow for use of
bottom ash gravel in both base and top layer of the road and in higher traffic load classes.

1. Presentation of the semi dry concept for recovery of IBA
It is common practice in the bottom ash industry to process the wet bottom ash from the
WtE plants soon after delivery to the processing site. For the purpose to save space the
bottom ash normally lay a few weeks before processing. Relatively high water contents
(15 - 20 %) in the bottom ash allow for recovery of metals down to approximately
4 mm grain sizes only.
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In the processing of the bottom ash it was observed, that bottom ash that had been
stored for some time, which is up to 2 - 3 months dried down, the structures became
loose and the material dusty. This observation led to the thesis that originally wet
bottom ash would behave almost as non-wetted bottom ash, when dried down to a
certain low water content. Thus, it was the expectation that metals down to 0.5 mm
grain size could be recovered.
Development of the concept
Funded by Afatek and a governmental innovation program, a test program to demonstrate how fine-grained material could be screened on flip-flow screens and metals
could be recovered with the use of eddy-current separators was carried out.
Naturally aged bottom ash could be found with water contents on the level of
10 - 15 wt%.
This low level of water content showed sufficient to obtain an efficient screening of the
bottom ash down to 0.5 mm. Steep sorting curves were shown, which means that very
well-defined grain sizes could be produced: 0.5 - 1.0 mm, 1.0 - 2.0 mm, 2.0 - 4.0 mm.
Afterwards the fractions were run over a double eddy-current separator where recovery of metals could be demonstrated.

2. Presentation of the new 6-line metal sorting plant
On basis of the results obtained from the test program, a new full-size sorting plant
for bottom ash was constructed. The plant was put in operation 1st January 2016.
The plant is able to sort the bottom ash for non-ferrous metals down to a grain size
of 0.5 mm. The plant layout is shown in Figure 1. Input to the plant is 0 - 50 mm
bottom ash that has been screened for larger particles and separated for ferrous metal
by use of over-belt magnets.
Main components in the plant are:
• screens, flip-flow, single-deck type (6 pcs), dividing the bottom ash into 18 - 50 mm,
9 - 18 mm, 4 - 9 mm, 2 - 4 mm, 1 - 2 mm and 0.5 - 1 mm grain size fractions,
• eddy-current separators (11 pcs), separating non-ferrous metals from the 6 grain
size fractions,
• sensor-based sorting machines (2 pcs), separating stainless steel and other incapsulated metals from fraction 18 - 50 mm and 9 - 18 mm, and
• drum magnets (low intensive; 5 pcs) recovering fine elements of iron, such as
nails screws, strings, paper clips etc. down to size 1 mm.
The plant has a capacity of 125 tons per hour and the investment was 8 million EUR.
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Figure 1:

Layout of the new 6-line sorting plant is seen; input to the plant is 0 - 50 mm pre-screened
bottom ash. Each line consists of a single deck screen of the flip-flow type followed by a
low intensive drum magnet, that recover fine iron followed by eddy-current separators,
that recover fine aluminium, copper, brass and zinc. On the coarse fractions (9 - 18 mm
and 18 - 50 mm) sensor machines recover stainless steel. The machine installation is
covered by a 2,800 m2 tent building.

3. Performance of the plant
The performance of the new metal sorting plant has been monitored and compared to the mobile metal sorting plant. The performance is measured as the yield
of recovered and actual sold non-ferrous metals in relation to the weight of the
raw and untreated bottom ash. In Figure 2 is seen that each column represents the
percentage of sold non-ferrous metals from a batch of bottom ash of approximately
5,000 tons.
Stainless steel sorted from the grain size range 9 - 50 mm by the two sensor machines is included in the performance figures. The sensor machines also separate
composite particles with hard baked bottom ash with iron and non-ferrous metals
incapsulated. The hard baked composites are crushed and run over the metal sorting
plant where iron, non-ferrous and stainless can be recovered efficiently.
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Each column represents the percentage of sold non-ferrous metals from a batch of
bottom ash of about 5,000 tons. Approximately 2 % non-ferrous metals are recovered.
For comparison results from the mobile metal sorting plant is also shown (1.2 %). A
considerable improvement of recovery rate is achieved. A recovered metal split is seen
from sensor sorting and eddy-current separation.

From the first 1.5 years of operation a payback time of less than 3 years could be determined.
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3.1. High recovery rates were found
As part of a 3-year research project financed by Innovation Fund Denmark recovery
rates were determined. Recovery rates were measured together with water content so
that dependency of water content could be established [1, 2].
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Recovery rate of non-ferrous metals vs. water content in the bottom ash

From Figure 3 it can be seen that the recovery rate of non-ferrous metals in the 4 - 50 mm
bottom ash is close to 90 % with little variation. Water content seems to have no or
little influence on the recovery rate.
The recovery rate for the 1-4 mm fraction is on the level of 60 to 75 %. The highest
recovery rate is achieved with drier bottom ash. A linear regression shows a tendency,
however with some variations. These variations come from not always correct positioned
splitters and other operational matters. The measurements are based on processing of
140,000 tons of bottom ash (32 piles) over 2 years and different processing regimes: 1)
a reference where the raw bottom ash is pre-sorted and stored for drying before metal
sorting and 2) an alternative situation where raw bottom ash is put in storage for drying
before pre-sorting and metal sorting in an in-line process.
It should be noted that data for the non-ferrous metal recovery rate in the 0.5 - 1 mm
bottom ash are limited and thus not shown.

3.2. A potential for improvement of the recovery rates was identified
As seen from Figure 4, the recovery rate can be increased by sorting the same bottom
ash multiple times. Most significantly, the recovery rate of non-ferrous metals from
the 1 - 4 mm bottom ash can be increased by approximately 25 % by sorting the same
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bottom ash a second time on the same plant. A less significant increase in the recovery
rate is seen for non-ferrous metals from the 4 - 50 mm bottom ash where the increase
in the recovery rate by sorting a second time is approximately 9 %.
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Metal recovery is found by sorting the bottom ash one time, a second time, a third time
and a fourth time. The largest contribution comes from the 1st cycle (ordinary sorting
of the bottom ash). By adding contributions from the following 3 cycles the potential
metal content in the bottom ash fraction (dry matter) is established. The dotted line
indicates, that 2.5 sorting cycles would be needed to obtain the same high recovery of
the fine metals as for the coarse metals.

This leads to the conclusion that the recovery rate of non-ferrous metals in the 1 - 4 mm
bottom ash can be improved by extending the number of eddy-current separators. By
doubling the eddy-current separators, the recovery rate comes close to the one for the
4 - 50 mm size. In the future more efficient eddy-current separators may as well balance
the difference in recovery rate for the coarse and the fine fraction.
It can be seen that four sorting cycles are enough to establish the potential metal content
in the two fractions, 1 - 4 mm and 4 - 50 mm and that the potential is on the same level,
3.1 % and 3.3 %. From an economic point of view, it should be noted that the value of
the 1 - 4 mm non-ferrous metals is generally higher than those of 4 - 50 mm non-ferrous
metals due to a higher concentration of the more expensive copper in the fine fraction.

4. Bottom ash gravel can substitute natural gravel
in road constructions
For several decades, bottom ash gravel has been used in construction of roads and sites
in Denmark where it replaces natural resources such as gravel. The use of bottom ash
gravel is governed by national legislation, setting up limits for content and leaching
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of certain substances as well as conditions for the use of the bottom ash gravel. This is
discussed in another chapter of this book.
For the construction of roads, the Danish Road Directorate has set up a guideline with
geotechnical criteria for the use of bottom ash, including particle size distribution,
unburnt material, optimum water content for compaction, classification tests for the
constituents of coarse recycled aggregate and total organic content.
According to present regulation bottom ash gravel can be used in the subbase of the
road. In the future bottom ash gravel may also be used to substitute more valuable
materials such as stabile gravel positioned in the top layer of the road.
In the recent 5 years bottom ash gravel from Afatek has been tested according to mentioned 5 parameters relevant for road construction and a quality declaration for each
batch of bottom ash (one batch about 5,000 tons) has been issued. This substantial
statistic on the geotechnical qualities show a uniform and consistent quality on all
parameters and on the safe side of the limits.
A demonstration project [3] carried out in cooperation with the Danish Road Directorate shows that the geotechnical quality (bearing capacity) of bottom ash gravel is
comparable to natural gravel. The bottom ash gravel was used in the subbase as well
as in the top layer right under the asphalt in 3 sections of a road with 2 reference sections. The results from this project may result in the acceptance of bottom ash gravel
to be used also in the top layer of the roads and as well in roads with more traffic load.
Another planned test with bottom ash gravel positioned in a highway in both the base
and in the top layer is expected to support mentioned development.
A more valuable recovery of the bottom ash gravel is the result – not only in terms of
environment but also in terms of a better prizing of the bottom ash gravel.

5. Concluding remarks
• The semi dry concept proved to be a well-functioning system both in terms of
environment and economy.
• Testing of the full scale 6-line plant in Copenhagen showed high recovery rates for
the coarse metals and also rather good recovery rates for the fine metals.
• The recovery rate of the fine metals can be improved by use of more eddy-current
separators to recovery on the level similar to that of the coarse metals of approximately 90 %.
• Bottom ash gravel is an excellent product to be used in road construction and can
substitute expensive gravel.
• Further research will be focused on improvement of metal recovery efficiency. A
short payback time of the investment allows for taking in the newest technology
soon.
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