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Report on

the FY2013 Project for Upgrading Autonobile Recycling Collaboration (Validation
Project concerning the Stable Supply and Recycling of Precious Metals Used in ELVS)

SUMMARY

This Project consisted of two qoojectsit he oOretri eval of precious
o f neodymi uimintemded toeupgade the eotll i f e vehicle ( 6EL
containing precious metals (and rare earths) into valuable resources ready for recycling. The
specific objective was developing a business
the recygling of precious metals, thereby making commercially feasible the hitherto
unprofitable recycling of precious metals from ELV parts.

1. Profile of the Project

A Precious metal retrieval tasks

The first coproject concerned the retrieval, collection aadycling of computer printed
circuit boards (6PCBs6) and other precious
Priortothecepr oj ect , in FY2011 and FY2012, t he
(6Associationd) was c¢ommyd the Emvirenthentteycartyh e J a
out a collaborative undertaking of dismantlers for the retrieval of precious metal
containing parts from ELVs. This assignment was implemented in three prefectures
(Hokkaido, Chiba, Yamanashi) in FY2011, amds expanded intaother areas across

Japan in FY2012. The results indicated that for automotive precious metal recycling to
become profitable business, it is particularly important that the retrieved parts be supplied

in high-quality lots to recycling operators.

Consequetty in FY2013, another collaboration assignment was undertaken on a national
scale, aiming at a more careful sorting of retrieved parts for the supply of-kjggiéy

lots. Specifically, the dismantlers were asked to select and retrieve only threeitems
parts with high precious metal content: airbag computer PCBs and two types of engine
computer PCBs. A manual explaining the methods of classifying, retrieving and sorting
the PCBs were distributed to the dismantlers, so that all the retrieval taskghibut

Japan were performed accordioga common standard procedure.
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A Neodymium magnet retrieval tasks

The second c@roject pertained to the retrieval of neodymium magnets from hybrid
ELVs for the recycling of rare earths. In FY2012, an experimergtieval of
neodymium magnets was performed at a single dismantling plant in Yamanashi
Prefecture. While neodymium magnets require special care in handling and storing
because of their strong magnetic power, thepmgect confirmed that neodymium
magnetcould easily be demagnetized by heating them with a simple burner. Also it was
found that if retrieved magnets could be separated from other attached parts and collected
into sufficiently pure and large lots, any magnet material producer would buy tham on
commercial basis.

In FY2013, therefore, the second-pmject was expanded into a national scale
undertaking for the collection of hybriEILV neodymium magnets in sufficient amounts
attractive to magnet material producers and for the verification ofctmemercial
feasibility of neodymium magnet retrieval. A comprehensible retrieval manual in the
form of a motion picture was distributed to dismantlers, and the participating dismantlers
were each asked to remove, dismantle and demagnetize neodymium sragaeted

from hybrid ELVs.



2. Results of the Project

A Co-project for the retrieval of precious metals

The precious metal containing parts to be retrieved from ELVs are classified into Groups
A, B and C as a result of a sampling analysis, and the fioitpresults were obtained.
Classification

Group A: engine computer PCBisofv palladium concentration)

Group B: engine computer PCHSigh palladium concentration)

Group C: Airbag computer PCBs
Participants

37 dismantl er so

prefectur al associations
260 dismatling operators

Period of retrieval

November ~ December 2013

*Including the PCBs stored by dismantlers before the retrieval period

Amount of retrieval

Group A: 9,673 pieces / 1,416 kg
Group B: 19,952 pieces / 3,814 kg
Group C: 21,600 pieces / 2,321 kg



A Co-project for the retrieval of neodymium magnets
The following results were obtained from the secongmgect.
Participants
26 dismantlersdé prefectur al associations

71 dismantling operators

Period of retrieval

November 2013 ~ February 201

*Including the neodymium magnets stored by dismantlers before the retrieval
period

Amount of retrieval

No. of hybrid ELVs involved: 222 units
Amount of retrieved Nd magnets: 300.30 kg

Initially a total 308.05 kg of neodymium magnets were collected, but the finalramou
was reduced to 300.30 kg due to the screening of 7.75.5%)2oreign matter from the
collected lots. Additionally, approximately 40 kg of the collected magnets were found
remaining magnetic and had to be demagnetized, incurring an extra processiagtice
magnet material producers.
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3. Resource Potentiality Assessment

A Co-project for the retrieval of precious metals

The metallic contents of the collected PCBs were analyzed in relation to group
classification and in terms of market value shareswAs guessed initially, large shares
were claimed by Au in Group A and Pd in Group B. Group A registered the largest
market value, thanks to its large Au content. (Au=Gold, Ag=Silver, Pd=Palladium,
Cu=Copper)

Value shares of PCB metallic contents

100%
0% | BN

80% Pd Pd

0% \ Pd / uCu
60%

Pd
50%

40%

wAg
30%

Au Au
) Au
20% W Au
10%
0%

Group A Group B Group C

Market value share

Computer PCBs

A Co-project for the retrieval of neodymium magnets

The quality of the collected neodymium magnets were assessed by a used magnet buyer
in relation to magnet size (see the table below). The average content proved to be
17~18% for Nd, 5% for Pr, and 8~9%r Dy. (Nd=Neodymium, Pr=Praseodym,
Dy=Dysprosium)

Assessment of neodymium magnet elements

Large size Small size Average
(45x35%5)* (36x30%5)* 9
ELVs involved [in counts] 222
Collected amount [in kg] 300.3
Neodymium content
(Nd) (%) 17.44 18.14 17.79
Praseodymium content
P) (%) 5.10 5.38 5.24
Dysprosium content
9.24 8.29 8.77
(Dy) (%)

*In millimeters
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4.

Assessment of Commercial Feasibility

The necessary minimum condition for the commercialization of PCB and magnet
retrieval is tocreate sufficiently large lots. With computer PCBs weighing about 1509 per
piece, it is possible to collect one ton of PCBs from an estimated 7,000 ELVs. As for
neodymium magnets which weigh approximately 1.4 kg per hybrid ELV, it is possible to
collect 3@ kg of neodymium magnets from every 220 hybrid ELVs. Thus, both
co-projects succeeded in collecting sufficiently large amounts attractive to the buyers
and/or the recycling operators.

Then, commercial feasibility was studied, and botipagects were agssed unprofitable
mainly because of a large personnel cost stemming from the long time spent in removing
the target parts from ELVs, with the bendétcost ratio remaining below 1. Nevertheless,
since a good portion of the dismantlers reported it ptesso speed up their retrieval
work through further experience and training, the reduction of personnel cost should be
possible by improving the work manuals according to the project findings on efficient
retrieval techniques. Since only slow growth isdicted in the future number of hybrid
ELVs in Japan, it will not be efficient for dismantlers to perform the part retrieval work
independently. Instead, it would be more efficient for them to collaborate and specialize
in different processes of retrievalork - for example, assigning Dismantler A to the
removal process and B to the demagnetization protcessorder to make the part
retrieval work profitable.

Feasibility assessment of the co-projects

Printed circuit board Magnet

GroupA

GroupB

GroupC

Total

Total

No. retrieved=Q

PCB [pcs]

Magnet [pcs]

9,673

19,952

21,600

51,225

222

Purchase price=B [JPY(¥)]

965,000

2,227,000

1,435,000

4,627,000

830,804

100

111

66

90

¥/pcs 3,742

Cost

[¥]

Personnel

Plant cost=Ca
(QxLpxCpry)

Primary = C.01 = - -

2,192,144 4,521,622| 4,895,100/ 11,608,866 1,182,150

157,309
449,539

17,501
34,599

Distribution

Second. = C o, - - -

Total cost=C

(Cia+ Cro1 + Clo2)

12,215,714

1,234,250

B/C

0.379

0.673

*Ly,: unit personnel cost (1,500 JPY [¥/hour])

CLu: work time (PCB: 18.13 [min/pcs], magnet:

Xiii

213 [min/pcs])




5. Assessment of Environmental Effect

A Co-project for the retrieval of precious metals

Environmental assessment was performed applying the TMR (Total Material
Requirement) analysis characterized bythquant i fi cati on of oOhi dd
as an indicator of environmental burdens, the impact of human society on the natural
environment can be calculated in terms of kilograms and tons througortiest
approximation. The TMR analysis indicatedatthAu was most influential, with Pd

following suit. The metals recovered from each piece of PCB amounted to 27g, which

was equivalent to avoiding 36 kg of environmental alteration as measured by TMR.

The total of 51,225 PCBs retrieved in the Project wasvalent to a CO2 reduction by
3,279[kgCO2eq], or by 0.06[kgcO2eq] per PCB. The greatest environmental
contribution was made by Cu due to its large volume contained. Among the three PCB
groups, Group B recorded the largest contribution owing to thedriglmtonmental unit
value of Pd.

Contribution to environmental load reduction*

100%

90% ———
70%
ok N\
50% Ag \
40% \ \
30% \\

20% | \\
AN

TMR co2

10% -

0% -

*Total contributions of the three groups of PCBs
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A Co-project for the retrieval of neodymium magnets

For TMR analysis, the following coefficients have been esthéldi Nd:3,000[kg/kg],
Pr:8,000[kg/kg], Dy:9,000[kg/kg]. The coefficients fall between 1,100,000[kg/kg] of Au
and 360[kg/kg] of Cu. As the present Project retrieved a total 96 kg of Nd, Pr and Dy (0.4
kg per hybrid ELV), this was equivalent to a 504 reduction of environmental
alteration (e.g. excavation, etc.). Furthermore, the recycling of the rare earths would
reduce the ecanfriendly sodium treatment required at the mining and smelting sites of
heavy rare earths. Regarding the CO2 reduction anafuhe ceproject for neodymium
magnet retrieval, it was difficult to determine a reliable amount partly because the LCA
inventory data of rare earth smelting were still underdeveloped and partly because the
CO2 reduction amount varied widely among thefedént regions and processes of
neodymium magnet retrieval.

6. Informing about Project Outcomes

To inform the Associationds members and ot
Project, a guide to the projects of the past three years was prepangeserted via the
website and mail magazine of the Association.
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7.

A

>

Conclusions

Co-project for the retrieval of precious metals

Establishment and informing of a classification standard

In the ceproject for precious metal retrieval, a classificatiandiard for computer PCBs

was formulated through sampling analysis, and the retrieved PCBs were sorted out
according to this standard. The sorted PCB groups were subsequently examined regarding
their contents; the results proved similar to the values peedicn advance, thus
indicating high accuracy of the classification standard.

For the dissemination of the classification standard, a manual on retrieval work was
produced and distributed to prospective participants of the Project. Consequently,
althoughminor variations in the accuracy of classification practice were found among the
regions, the participating dismantlers across Japan were able to classify the retrieved
PCBs reasonably well, indicating a successful dissemination of information about the
classification standard. Further information efforts will be necessary to minimize the
regional variations in classification accuracy.

Recycling rates of the smelting operators

The comparison of the results of the present Project with those of the pasit9roj
indicated differences in recycling rates among smelting operators. This is an important
finding for the planning of future projects.

Co-project for the retrieval of neodymium magnets

Informing about work procedures

Because it was planned that eawththe participating dismantlers across Japan would
perform the entire work of neodymium magnet retrieval, from dismantling and
demagnetization to separation of attachments, a comprehensible retrieval manual in the
form of a motion picture was produced atstributed.

As a result, except for some regional variations in demagnetization accuracy, all the
participating dismantlers were able to retrieve neodymium magnets properly. This
implied a successful effect of the motion picture serving as a work marheimanual,
nevertheless, needs to include a more detailed account of demagnetization procedure in
order to ensure the faglafe demagnetization of neodymium magnets.
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Necessity of higher work efficiency

The Project proved that the retrieval of neodymimagnets was not commercially
feasible due to excessively tinsensuming retrieval work. Yet in some regions the
dismantlers worked together at a single plant, dividing the dismantling, demagnetization
and attachment separation work among themselvespeddg the retrieval work as a
whole. These successful precedents and additional improvements must be put into
practice to raise the work efficiency.

Additionally, it was reported that byproducts such as aluminum and copper could also be
recovered in th@rocess of retrieving neodymium magnets, thus introducing a possibility
of achieving overall commercial feasibility by utilizing byproducts as well as neodymium
magnets. It should be possible to create a busiessd cycle of rare earths in Japan if
work efficiency is raised.

Future activities

For the future, the Association hopes to help the prefectural and regional block
organizations of dismantlers and recycling operators in implementing their collaborative
retrieval activities. The Association wikport the outcomes of the Project to its members

at the oO0Block Meetingsd being regularly he
will disseminate detailed information missing in the existing guides. The Association will

also spread informatioto its members and other stakeholders attending at its regular
6seminars for the certification of qualifi

As a result of the Project, feedback information on the retrieval manuals and on the
characteristics of various players wastained. After retrieval activity is transferred from

the Association to regions, the Oresources
assume a coordinator role, collecting feedback information and distributing improved
editions of the retrievamanuals in order to support the dismantling and recycling
operators.

In the present Project, the Association was able to work out the price of collected
computer PCBs in negotiations with smelting operators on the basis of the PCB
classification standardThe Association intends to continue the periodic meeting with
smelting and other business operators for greater liaison and information exchange, and
will negotiate with prospective business partners to help develop the retrieval/recycling of
ELV preciots metals and rare earths into a commercial enterprise.
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1 114.30 11,340 11,340 22,680 198.4
114.30| 11,340| 11,340 22,680 198.4
2 6.40 0 840 840 131.3
3 4.00 0 500 500 125.0
4 3.30 0 870 870 263.6
5 1.30 0 788 788 606.2
6 2.70 0 870 870 322.2
17.70 0 3,868 3,868 218.5
7 8.20 0 2,142 2,142 261.2
8 11.60 0 551 551 47.5
9 28.00 2,065 1,323 3,388 121.0
10 6.90 1,386 780 2,166 313.9
54.70 3,451 4,796 8,247 150.8
11 30.40 0 2,750 2,750 90.5
12 3.50 1,380 640 2,020 577.1
33.90 1,380 3,390 4,770 140.7
13 7.20 0 1,080 1,080 150.0
14 4.20 0 903 903 215.0
| 15| 1.10 0 462 462 420.0
16 TMCA 15.00 0 525 525 35.0
17 4.30 630 420 1,050 244.2
31.80 630 3,390 4,020 126.4
18 15.00 0 1,480 1,480 98.7
15.00 0 1,480 1,480 98.7
19 1.40 0 740 740 528.6
20 7.60 700 900 1,600 210.5
9.00 700 1,640 2,340 260.0
21 410 0 1,050 1,050 256.1
22 1.30 0 630 630 484.6
23 2.70 0 840 840 311.1
24 11.80 0 788 788 66.8
25 1.10 0 787 787 715.5
21.00 0 4,095 4,095 195.0
26 2.90 0 600 600 206.9
2.90 0 600 600 206.9
300.30| 17,501| 34,599| 52,100 173.5
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kg 1,416.0, 3,814.00 2,321.0f 7,551.0
B 965,000| 2,227,000| 1,435,000 4,627,000/ 830,804
1 n  Ne 4 100 111 66 90 3,742
1kg Nev 681 584 618 613
* CLA
2,192,144| 4,521,622 4,895,100| 11,608,866| 1,182,150
Q% Lnx Cry
Cro1 157,309| 17,501
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5-8 =V CO;

0.234 Au 28
kg-CO.eq/t km
0.128 Ag | 26.8 (g-COsealkg
Au 25.3 Pd | 594
Ag 24.1 Cu 3.67
pd | sorg | (O COYd
Cu 0.92
E TMR — %
TMR Total Material Requirement <|svel o
he > —«F" svode|f= 14V a4 #Neds md
e 4 Vhe 2o A s & oAy - eolr
<. ol pogrer - ™ #No 8 4 g 1ton, 4
s/ — £ 11— % - = [V or A o=54¢
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iton— &L A — TMR ton & 59~ A
5-9 - %% TMR @
TMR
ka/kg
Au 1,100,000
Ag 4,800
Pd 810,000
Cu 360
Nd 3,000
Pr 8,000
Dy 9,000
()
®) TMR: Total Material Requirement No.18
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Y - L< # 98 4L A e3
— - A CO: AL 5-10- A9
5-10 CO, — kg-CO-eq
A B C
16.57 44.62 27.16 88.35
90.62 244.10 148.54 483.26
Au 5.14 8.30 7.48 20.91
Ag 26.27 81.63 28.43 136.33
Pd 37.43 184.11 69.97 291.52
Cu 256.78 629.09 395.88 | 1,281.74
Au 5.68 9.19 8.28 23.15
Ag 29.22 90.78 31.62 151.61
Pd 37.60 184.95 70.29 292.85
Cu 1,024.33| 2,509.51| 1,579.20| 5,113.05
664.02 | 1,602.58 | 1,011.93| 3,278.53
1 0.07 0.08 0.05 0.06
~ | co: — | & 1 Nevq 0.06 kg-COzeq
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