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Summary

1. Organizing Information on Promotion and Utilization of Design for Environment and Recycled Materials

With respect to points on evaluating Design for Environment (DfE), we collected cases of
automobile manufacturing companies’ activities on DfE in line with Environmental Assessment Guideline
of Japan Automobile Manufacturers Association, Inc. and interviewed dismantling companies and sent
guestionnaires to them, then identified DfEs those dismantling companies think them effective. Then, with
respect to eval uating easiness of automobile dismantling, we interviewed dismantling companies. We found
importance of monitoring recyclable rate and content of toxic materials in upstream and also monitoring
reuse rate and material recycling rate, generation of ASR per unit of ELV, and content of toxic material in
ASR. We also analyzed previous studies on incentive and information dissemination for enhancing

selection of automobile using recycled material.

2. Understanding and Evaluation of Progress of Promotion and I mprovement of Reuse and Recycle

We analyzed dismantled ELV, namely Fit HV and Note those were not analyzed in previous
studies, for measuring content of resource and toxic materials. We recorded weight of parts, location and
sampled parts containing high value resources and analyzed contents in them. The result shows that content
of rare earth shown in this study are less than those shown in previous studies. Difference of car type,
decreasing use of rear earth in targeted cars seemingly caused it. With respect to glasses, front glass and
rear glass in targeted cars are 2.5% to 7.2% in comparison with ASR standard weight, and seem to
constitute 10% to 20% of ASR.

Then, based on the result of this study and previous studies, we discussed desirable recycling
process in consideration of composition, and discussed target and indicators. We interviewed and conducted
guestionnaires survey with dismantling companies and ART and TH team, and analyzed which toxic
materials might become obstacl e to automobile recycling.

3. Addressing New Technology in Consideration of New Vehicle and Diversification of Materials

Analyze trend and background of change of materialsin ELV, and predict the future change of
toxic materials and metallic element. Then we focused on lithium ion battery and nickel hydride battery
(NiMH), carbon-fiber-reinforced plastic (CFRP) as new materials and discussed process of collection and
recycling of them.
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1)

HV
1 o -
2 o o
3 o o
4 o o
5 o o
6 o o
7 o _
8 o _
9 o _
10 o -
11 o o
12 o o
13 o o
13 8
20
Fe,Cu,Al Ni,Co,GaW Sr,La,Pr,Nd,Dy XRF
ICP-MS
V,Cr,Co,GaMo,In|B,Ti,Sr,Y,Zr,Nb,Pd, ICP-AES
Fe,Cu,Al,Zn,Sn WMnNi sh.CeNd Ta AuAg Pb,Cd,As,Br AAS
-IC
ICP-MS
. Ga,Li,Sc,Ti,Y,La,C ICP-AES
Cr,Mn,Co,Ni e PrNd.Gd Hg,Pb,As AAS
CV-AAS
Cr,Co,GaMo,n, |
Fe,Cu,Al,Zn,Sn WMnN Ti,Ce AuAg Pb,Cd As XRF
ICP-MS
V,Cr,Co,GaMo,In|B,Ti,Sr,Y,Zr,Nb,Pd, ICP-AES
Fe,Cu,Al,Zn,Sn WMANi sb.CeNd Ta AuAg Pb,Cd,As,Hg AAS
CV-AAS
500 1
20t 30
X PANalytical AXxios Na
( FP
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(1)

1
HV )

(
HV
1

)

;
R(1999 2009

1)

22
HV

(1998 )  314kg(27.3%)
(

HV

1)

20.2%

100kg
HV

(1997 )

3(D)
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3(2)

21
HV(2011 ) (2010 )
1339 cc 1498 cc
(kg) (%) (k) (%)
209.3 20.2 212.8 20.2
56.1 54 58.7 5.6
0.0 0.0 0.0 0.0
61.1 5.9 23.6 22
92.2 8.9 93.5 8.9
1785 17.2 203.0 19.2
164.3 15.9 180.0 17.1
248 24 22.8 2.2
250.0 24.1 260.0 24.7
1,036.3 100.0 1,054.5 100.0
1,130.0 - 1,100.0 -
22 Y
(1997 ) (1997 ) R(1999 ) R(2009 ) (1998 ) (2011 )
1498 cc 2997 cc 658 cc 658 cc 1496 cc -
(kg) (%) (kg) (%) (kg) (%) (kg) (%) (kg) (%) (kg) (%)
2345 26.2 265.0 20.1 137.2 18.3 1479 18.8 314.7 27.3 200.6 14.1
43.9 4.9 70.2 5.3 345 4.6 452 5.7 70.6 6.1 51.6 3.6
2.4 0.3 385 2.9 0.0 0.0 0.0 0.0 92.6 8.0 3174 22.3
4.5 0.5 10.5 0.8 10.4 1.4 5.9 0.7 3.3 0.3 7.0 0.5
69.9 7.8 107.0 8.1 101.1 13.5 945 12.0 75.0 6.5 86.6 6.1
161.9 18.1 2772 21.1 136.5 18.2 158.4 20.1 161.9 14.1 209.9 14.8
1114 12.4 218.2 16.6 132.7 17.7 133.3 16.9 1114 9.7 178.6 12.6
18.2 2.0 28.8 2.2 6.1 0.8 6.1 0.8 215 1.9 485 3.4
250.0 27.9 300.0 22.8 190.0 25.4 196.0 24.9 300.0 26.1 320.0 225
896.7 100.0 [ 13154 100.0 7485 100.0 787.3 100.0 | 11511 100.0 [ 1,420.2 100.0
- - 1,490.0 - 760.0 - 810.0 - 1,240.0 - 1,520.0 -
( 24 26
(ELV)
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16.4kg 13

(1

27

27

2011

/ 7
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28 D

2 3 -
1997 2003 2009 2011
/ 42 28 28 48
/ 6 6 6 4
/ 252 168 168 192
g/ 172 173 175 940
kg/ 433 291 292 1805
kg 78.2 390 410 2940
55.4% 74.6% 71.2% 61.4%
( 24 26
(ELV)
4)
7
29 HV 14.08kg
4.93kg 11.75kg 5.10kg
ASR ( ASR ) 25~7.2%
ASR 10~20%

7(1)
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7(2)

29
IASR ?ASR
(ko) (ko) (%)
14.08 72
19447
493 25
1175 6.2
189.01
510 27
1 ASR o
2ASR <100
5)
8
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XRF
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31 HV 292.79
203.1g
30
wit%
HV HV HV HV
Fe 65.8 - 85.4 86.0 84.4 85.0 85.1 85.2
Cu 0.11 - ND 0.02 ND ND ND ND
Al 0.16 - 0.04 035 0.19 0.11 033 1.02
Ni 083 - ND 003 ND ND ND ND
Co 052 - 0.89 ND 117 0.85 0.78 0.08
Ga ND - ND ND ND ND ND ND
W 0.23 - 0.37 048 037 0.70 0.26 049
Sr 0.05 - 9.31 1130 9.48 9.24 10.10 1131
La ND - 264 ND 307 259 2.08 0.03
Pr 0.09 - 0.05 ND 0.04 0.05 ND ND
Nd 22.40 - ND ND ND ND ND ND
Dy 9.02 - ND ND 0.06 ND 0.06 0.06
ND: 3 (ND)
31
9/ ) Ni Co Ga W Sr La Pr Nd Dy
HV 48| 105| 00 38| 705/ 200 0.7 129.7| 526 292.7 203.1
00| 37| 00| 44| 718 110 02 00 01 91.3 11.3
2)
32
0.1~48.0wt%
19.0~48.0wt%
2500~14,000mg/kg
70~920mg/kg HV
1,000mg/kg 2
2,300~5,000mg/kg  1,600~5,000mg/kg
25~1,200mg/kg
620mg/kg
HV 4,300mg/kg

43




89~410mg/kg

510~2,300mg/kg

450~11,000mg/kg
2.6~4.2wt%
32
:mg/kg
HV HV HV HV HV

Fe 5,400 12,000 4,400 31,000 7,000 15,000 16,000 -
Cu 340,000 310,000{ 480,000 260,000/ 230,000( 240,000 190,000 -
Al 18,000 16,000 12,000 10,000 17,000 27,000 21,000 -
Zn 1,200 8,500 1,100 43,000 9,400 16,000 2,800 -
Sn 11,000 13,000 14,000 18,000 12,000 30,000 16,000 -
\Y 15 14 12 6 12 23 17 -
Cr 51 56 1,000 44 45 72 53 -
Co 8 23 17 130 41 30 35 -
Ga 4 4 2 6 5 7 20 -
Mo 13 NA 40 NA 29 3 6 -
In NA NA NA NA NA NA NA -
w 7 2 510 3 12 3 9 -
Mn 470 500 70 920 470 230 520 -
Ni 2,500 4,600 14,000 3,400 2,500 5,200 3,800 -
B 3,500 4,800 2,300 3,300 4,100 4,800 5,000 -
Ti 2,600 5,000 4,200 1,600 3,100 4,600 2,600 -
Sr 350 300 190 230 150 650 480 -
Y 59 200 210 110 60 190 66 -
Zr 25 170 50 570 40 1,200 160 -
Nb 3 2 3 2 8 10 4 -
Pd 4 4 8 2 50 13 4 -
Sh 400 600 380 1,000 450 350 1,200 -
Ce 12 7 6 6 9 15 16 -
Nd 43 4 3 3 620 9 7 -
Ta 4,300 2 4 2 3 5 NA -
Au 140 410 560 170 220 89 100 -
Ag 2,300 510 520 970 1,100 1,900 2,000 -
Pb 450 6,200 5,900 11,000 4,700 790 520 -
Cd NA NA NA 67 ND 5 NA -
As 6 12 3 7 8 7 43 -
Br 26,100 31,900 26,800 27,800 40,400 29,000 42,400 -

NA

NA




3)

HV 33
36.5wt%
9.88wt%
10mg/kg 2mg/kg
33
(mg/ (mg/ ) (mg/ ) (mg/ (mg/ ) (mg/kg)

Cr 7 NA NA 28 39 213
Mn 18 24 NA 59 101 551
Co 1,270 NA NA - 1,270 6,930
Ni 38,200 20,000 7,720 746 66,800 365,000
Ga NA NA NA - NA NA
Li 13 NA NA - 13 71
Sc NA NA NA - NA NA
Ti NA NA NA 15 15 82
Y 300 63 28 - 387 21
La NA 8 4 - 12 66
Ce NA NA NA - NA NA
Pr NA 25 11 - 36 197
Nd NA 12,500 5,130 47 17,700 98,800
Gd NA NA NA - NA NA
Hg NA NA NA ND NA NA
Pb 0.3 0.4 NA 1.2 1.9 10
As 0.1 0.2 0.07 0.03 0.4 2

NA

NA
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34 )

1
HV(2012) (1998) (2011)
(mg/kg) (mg/kg) (mg/kg)
cr 213 190 9
Mn 551 13,000 170,000
Co 6,930 25,000 13,000
Ni 365,000 340,000 52,000
Ga NA 140 10
Li 71 390 21,000
Sc NA - 610
Ti 82 290 32
Y 21 2,500 NA
La 66 20,000 NA
Ce NA 28,000 NA
Pr 197 2,700 9
Nd 98,800 8,800 ND
Gd NA 190 NA
Hg NA NA NA
Pb 10 78 NA
As 2 59 4
NA NA
4)
35
314  32.0%( 67.3~68.6%) 11.9~12.5%
561 5.80%
0.21 0.29% 0.01 0.02%
0.05% HV
0.01%
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5)

HV

35

wth

HV HV

Fe 0.35 0.36 0.74 0.74
Cu ND ND ND ND
Al 1.08 1.08 0.96 0.94
Zn ND ND ND ND
Sn 0.01 0.01 0.01 0.01
Cr ND ND ND ND
Co ND ND 0.02 0.02
Ga ND ND ND ND
Mo ND ND ND ND
In ND ND ND ND
W 0.24 0.21 0.22 0.29
Mn ND ND 0.01 0.01
Ni ND ND ND ND
Ti 0.02 0.02 0.01 0.01
Ce 0.01 0.05 0.01 ND
Au ND ND ND ND
Ag ND ND 0.02 0.01
Pb ND 0.00 ND ND
Cd ND ND ND ND
As ND ND ND ND
Si 319 315 320 314
Na 11.9 125 119 126
Mg 202 2.37 201 2.37

K 0.86 0.44 0.85 0.39
Ca 5.80 5.68 5.69 5.61

ND:

0.01%

36
HV

(ND)

47




6)

36

:mg/kg
HV
Fe 1,200 1,800
Cu 2 1
Al 410 150,000
Zn 5 4
Sn NA NA
\Y NA
Cr 3
Co 18
Ga 19 10
Mo 71,000 55,000
In NA NA
w 4,800 1,600
Mn NA 4
Ni NA NA
B NA 2,500
Ti 18 79
Sr NA 120
Y 18 2
Zr NA 710
Nb NA NA
Pd NA NA
Sh NA NA
Ce 3,800 2
Nd NA NA
Ta NA NA
Au NA NA
Ag NA NA
Pb NA NA
Cd 1 NA
As NA NA
Hg NA NA
NA NA
(Pb Hg Cd )
)
(

48




2.1.3
1
HV 293
HV
HV
( HV) ( )
1
1
HV  1,738g 1,368g
2.5~7.2%
67.3~68.6%)

2039

49

HV )

91g
1g

9.88wit%

ASR
ASR 10~-20%
31.4~32.0%(




2.2.

(1)

1996 1,850 ¢/

ASR
Yano et al.

2006 10%
37
2001 463 g—Pb/
2003 370 g—Pb/
2005 240 g— Pb/
2007 103 g— Py
2010 86 g— P/
5

50

2007

103g



1,600

—4&—No reduction case
—#-Pb maximum case
——Pb minimum case

ASRPDPbEFEMNFEDLIBHAHET
SEBEDIALSTHH S,

2010 ERF A T14—23%DEIEZN R
>2020F E Z(£58 —76% D Bl & B A #

/

% 1.400

X

£ 1,200

3

1, 1.000 |

E

& 800

<

£ 600 H

£

£ 400 H.

(=]

(8]

£ 200 H

0

o
[+2]
>
>
L

FY1992 |

FY1994

FY1996

FY1998 |

FY2000 |

FY2002
FY2004
FY2006
FY2008
FY2010 |
FY2012
FY2014
FY2016
FY2018
FY2020

Yano et al. ] Mater Cycles Waste Manage (2014) 16 (1):52-61

10 ASR
2013 45 6 (HBCD)
A (  BDE)
2015 11 POPRC11
BDE POPs (
)
A)
38
PP PP
PBDE
ABS TBBA
PA(HTPA)
PBT PA ECU
23
24

51



RPF PBDE 61 84ppm HBCD 2 6ppm
RPF ASR

PBDE 530 730ppm
HBCD 15 31ppm

DeBDE

DeBDE HBCD

22 ASR
8 ASR PBDE 190 590ppm
HBCD 8 12ppm 12 ASR PBDE 37 180ppm HBCD
N.D 8ppm
ASR
23
24 3
24 26
ELV 3K123001
3K 123001
11
(ppm)
1.0£+06 ) 5 5 [ [ 5 ) [ 1
M: 1% and over :0.1% and over
1.0E+05
1.0E+04
1.0E+03
1.0e+02 THTR|
1.0E+01 3 1
LI AR T il _Il il
1OE00 R e R i i R e R e e R e e R R L AR
Common metals | Critical storage metals Other critical metals and REEs defined by METI, Japan . Others ‘
categorized in Japan
* 1% :Fe, Mn, Co, Ni, La, Ce
*0.1% CAlLY, Pr, Nd
. 43.4 kg 16 kg-Fe, 0.56 kg-Mn, 1.1 kg-Co, 15 kg-Ni, 0.87 kg-La, 1.2 kg-Ce, 0.19 kg-Al, 0.11 kg-Y,

0.12 kg-Pr, and 0.38 kg-Nd

11 NiMH
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REEs contents (ton/yr)

921

- Demand

g

Recovery potential &

8

8

200

200

400

35.4

FY2010: 151 tons
(0.4 t-Pr, 120 t-Nd, 31 t-Dy)

»

14
2030

FY2030: 617 tons
(1.8 t-Pr, 490 t-Nd, 135 t-Dy)

10%
1Dy (demand) Dy (Rec.) 35.4%
|
Nd (demand) Nd (Rec.) //-//
888 Pr (demand) E== Pr (Rec.) Pt L 30%
—u—Rec./demand
20%
10%
1 0%
FY2010 FY2015 FY2020 FY2025 FY2030
14
15
2030

Recovery Potential/ demand (%)



FY2010: 777 tons

(260 t-La, 364 t-Ce, 35 t-Pr, 115 t-
Nd, 2.5 t-Gd. etc )

FY2030: 3,180 tons

(1070 t-La, 1490 t-Ce, 144 t-Pr,
469 t-Nd, 10 +-Gd etc.)

JEr (Rec.) Dy (Rec.) C17Tb (Rec.) [C0Gd (Rec.) SSSNd (Rec.)

£Z=3 Pr (Rec.) === Ce (Rec.) @ZzLa (Rec.) EmmEr (demand) [(—Dy (demand)

B Th (demand) [JGd (demand) ZZ2Nd (demand) EZEPr(demand) EEZACe (demand)

EZZlLa (demand) =—=—Rec./demand

e 5,000 100%

g e |

8 4,000 T 921% goo

¢
. 3,000 3
= 2
§ 2000 TR £
Tn' Y]
§ 1’000 ) 9.4% ;
e "
o J - 2
i 2 E
& B - -

£ 1,000 @

2 3

2 S

% 2,000 £

£ 3,000

FY2010 FY2015 FY2020 FY2025
15
ASR
ASR 26
39 16
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39

wt
26 . 22 B
24
20 17 16
8
JX 12
» - -
*2
26| 279| 279 216 321 28.0 34| 277 326 30.3
48 5.3 55 5.8 5.1 5.7 5.1 55 33 3.9
7.8 5.0 5.3 9.3 7.9 10.4 8.8 6.8 8.1 9.7
8.7 74| 102 7.8 7.8 8.9 7.7 8.2 8.2 75
0.6 7.2 0.4 01 01 0.0 0.4 01 03 01
65| 167| 192 148 12.9 105 118 7.6 8.9 7.0
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45 2002
Fe 1023.57 72.54 1124.25 70.99
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10.85 0.77 13.40 0.85
39.32 2.79 39.32 248
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