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Summary

Overview of demonstration project

Annually, 3,330,000 end-of-life vehicles (figure for 2014) are disposed in
compliance with the End—of-Life Vehicles Recycling Law (Act on Recycling. Etc. of
End-of-Life Vehicles). These vehicles are dismantled and scrapped to recover parts
and metals. At the final stage, about 186 kg/car, or about 590, 000 tons per year
overall, of automobile shredder residue (ASR) is discharged.

Plastics (mainly hard plastics) account for over 30% of ASR (“Investigation of
the Properties of Automobile Shredder Residue,” a FY 2010 report on the results
of contracted work with the Ministry of the Environment), and most of these are
currently used as the fuel substitutes and thermal recovery in cement production.

In order to revitalize this plastics from ASR, Our group have worked on a FY2016
LOW CARBON TYPE 3R TECHNOLOGY AND SYSTEM DEMONSTRATION PROJECT “Creating a scheme
of plastic material recycling from ASR” . It could show that 50% of the plastics
in the ASR can be reused, and it reduce carbon dioxide emission by 35% comparing
with the fuel substitutes and thermal recovery in cement production.

However, for the closed material recycling, that is, Car—to—Car recycling,
following problems was not covered in the last report. One of the problem is that
it requires to remove more amount of contaminants. And, there is a difficulty for
identifying dark color plastics with our Raman sorter. Also, the discrimination

by the filler talc content.
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Therefore, in this demonstration project,

We improve our contamination substance removal technique to increasing the amount
of revitalized material. This technique removes shredded rubber and wood that
causes problem at re—pelletizing process,

We optimize the density separation and our Raman Plastic Sorter to widen the
application of collected plastics. This optimization classify PP (polypropylene)
according to its talc content

We evaluate the physical and mechanical properties of the collected plastics from

ASR for the Car-to—-Car recycling

Result of demonstration project

I. Increase the level of contaminant removal

We clarified the plastic contents of the incoming raw materials from the ASR
recycling plant. With the cooperation of the recycling facility, more stable
composition was realized

We verified that contaminant decreases by the multiple sorting operations (a
series of wind winnowing, rubber removing and water density separation). It
became clear that all of contamination such as rubbers, fablic, wood scraps and
electric wires are halved by treating three times compared to single treatment

We demonstrated that rubber content reduce to 1% or less at the business scale
throughput of 150 kg/h by using the two different type of friction based rubber
remover apparatus. Each of these machines are able to remove different shapes
of rubber. When the rubber content reaches this amount, plastic recycling process
is possible by the ordinary plastic compounding technology.

We demonstrate that the wood scrap content can be reduced to 0. 1% or less, and
also the rubber content to 0. 1% or less by using the electrostatic charged based
wood scrap remover. When the wood scrap content reaches this level, clogging
does not occur even if the plastic compounding apparatus is operated for several
hours.

We demonstrated that the 80% or more plastics can be recovered (dissipation
is 20% or less) by applying a several contaminant removal treatments as described

above.

II. Demonstration of technology to deepen material recycling

The plastics from ASR are soiled with mud and oil, so there is a concern that

viil



accuracy of water density separation process will be reduced due to water
contamination. Therefore, we clearfy the relationship between water quality and
accuracy of water density separation process. The result shows that the water
pollution by suspended solids (SS) was little influence on the accuracy of the
water density sorting, and even when SS doubled, it maintains accuracy of 97%
and more. Instead, we found that the many scratch and oil stains on the plastic
surface deteriorate the accuracy of density sorting.

Spectroscopic sorting system such as Raman Plastic Sorter needs to be applied
for sorting by the degree of talc content. We optimized the measurement time,
belt conveyor speed, plastic size, etc. and demonstrated the plastic sorting
at business scale throughput of 100 to 200 kg/h. It proved that PE (polyethylene)
mixed in PP can be identified. And, several-percent difference of talc content
can also be identified. From this result, It is become possible to sort sank
portion of heavy liquid separation, which contains PP with talc content of 30%
or more that is been wasted since it was not able to run the recovery process.

Furthermore, recently, dark color plastic sorter which based on mid-infrared
absorption was put into practice in Europe. Its performance was verified with
a device considered to be equivalent. Although PP and PE identification was
possible, it could not be identified according to the degree of talc content

And, plastics from ASR have great surface degradation due to their usage. We
examined the polishing method to remove this degradation. However, at the present

time, no appropriate polishing method could be found

Il. Establishment of quality control method for recovered plastics

1, PP in the ASR is graded according to talc content. Then, it made into pellet.
We prepared the two type of recycled raw material. The one which recovered with
purity of almost 100% by hand sorting (named batch model). Another mechanically
process with recovery technology demonstrated in this report (named continuous
model). Both outcome were processed with the single screw extruder under normal
conditions, and long strands could be drawn.

2, Physical and mechanical properties has been measured for each test pieces
made from the recovered plastics. The properties reflected the degree of talc
content and contamination of rubber. Comparing with commercially available
recycled PP for automobiles, the strength was inferior. For example, the bending
strength was about 30% inferior to commercially avaliable recycled PP. But, there

was no remarkable decrease such as half reduction. Therefore, It satifize the
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specification for recycles plastics on the market. And also, there are no change
by removing the surface degradation as well. Furthermore, those with small
contaminants of less than 100 pm and those with rubber contamination shows
obvious and rapid deterioration in the acceleration deterioration test by light
and heat.

3, An investigation carried out to gain the physical and mechanical properties
to use for automobiles. It shows that it is possible to achieve the target
physical and mechanical properties for automobiles by adding the certain
addtives to the plastics collected as low talc content of less than 15%. From
this result, we are able to show that plastics in ASR are revitalized and used

in automobile again.

IV. Verification of environmental impact reduction effect

In this demonstration project, 1 ton of raw material arriving from the ASR
recycling plant (including 700 kg of hard plastic) was evaluated as a functional
unit of evaluation of carbon dioxide emission.

The amount of carbon dioxide emission has been calculated to substitute for
the revitalized plastics for the virgin plastics and the talc production. In
this demonstration project, the plastics of 514.6 kg could be used within the
hard plastics content of 74%.

The amount of the carbon dioxide emission is 775 kg when it used for raw material
and fuel for cement production as usual. On the other hand, that amount become
—87 kg by the revitalising the plastics from ASR. As the result, a remarkable
reduction effect of -862 ( = 775+87 ) kg was obtained

V. Evaluation of project feasibility / horizontality development

When the domestic production amount of ASR is about 600, 000 ton per year, and
if plastic contents of the ASR is about 30%, the plastic content in ASR will
be about 180, 000 tons per year.

Assuming a model to process at 10,000 tons per year at one plant, sales will
be 232 million yen / year if high—grade plastic can be sold at a market price
of 50 yen / kg.

The capital investment for the plant with washing and shredding, density sorter,
raman sorter is 380 million yen. The expenses including depreciation and
amortization cost were 230 million yen. Therefore, it secures operating profit

from the first year.



Therefore, this is the profitable business model, and this realize Car—to—Car
recycling from ASR at the nation—wide level if the plants deployed at 18 places

in Japan.
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Plastic composition of ) to @ in the above figure are shown below.
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B : X 3.1.2-2 ® 2 [/

C : ¥ 3.1.2-2 ® 3 [ALE
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FY) (i tth) 1.093%|  1.022%|  0.805%
=N 4.148%|  2.453%|  2.084%
HE 0.128%|  0.035%| 0.010%
AL 0.147%]  0.050%| 0.031%
&t 100.000%| 100.000%| 100.000%
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A B o]
75 94.880%| 97.318%| 98.688%
2Y) (Kt th) 2.095%| 1.018% 0.471%
=N 2.483%|  1.590%)  0.822%
HE 0.388%|  0.027%|  0.000%
LT 0.155%] 0.047%| 0.018%
&it 100.000%| 100.000%| 100.000%
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