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Experimental project on dismantling and shreddering of end-of life vehicles

(ELV) for reducing the content of inhibitor elements in automotive shredder

reside (ASR), and for improving resource efficiency in automobile recycling

system in Japan (FY2014)
Abstract

The Overview of the experimental project

Purpose

An experimental research, which is granted by the Ministry of
Environment, on a new dismantling method has been done by Mitsubishi UFJ
Research and Consulting Co., Ltd. In this research, we aim at the
reduction of environment load and the improvement of resource efficiency
with modifying the dismantling of end-of life vehicles (ELV) not only in
recycling processes but throughout the entire society. Reducing the
content ratio of halogen elements (washing machine hose, weather
stripping etc.) and glass (front window shield, side and rear windows
etc.) in automotive shredder residue (ASR) and/or pressed ELV, we have
achieved those improvement effects in recycling processes (cement
production process and electrical furnace process). We have paid
attention to squeeze or to extinguish additional costs with modified

dismantling in dismantling process.

Optimization processing on
dismantlers / shredders in association with Dismantlers/shredders

Overall optimization on ELV recycling process

Methodology for impplementation

This project is separately run in three sites for work efficiency,
1.dismantling shredderat Matsuyama (Kaneshiro Sangyo Co. Ltd.) and
Hirosihma (Yamako Co. Ltd.), 2-1.shreddering at Matsuyama (Kaneshiro
Sangyo Co. Ltd.), 2-2.pressing at Hirosima (Yamako Co. Ltd.),
3-1.smelting of steel scraps at Okayama (Tokyo Steel Co. Ltd.),
3-2.Laboratory scale test for separated nonferrous metals scraps at
Mitsui Mining and Smelting Co. Ltd., 3-3.Laboratory scale test for
shredder reside at Taiheiyo Cement Corp., 3-4.Laboratory scale test for

separated halogen resins at Isono Co. Ltd.



JELV recycling flow and key challenges in this project
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Results
Case 1: Consuming ASR as a raw material in cement production process
In case of consuming ASR as one of raw materiasls in cement production
process, improvement effects on the reduction of carbon dioxide emission
and the decrease of natural resource (coal and silicate) consumption per
unit weight have been derived with extracting halogen elements and glass
in ELV. These effects result from the modified dismantling method without
machinery, and from replacement of coal by ASR and the replacement of
natural silicate by separated glass, consequently result in nearly a 3kg
reduction of carbon dioxide emission per a ELV, nearly a 1kg reduction

of coal cosuming and nearly a 60kg of silicate consuming per a unit weight

of cement.
[CEstimation of CO2 emmission under [IComparison of consumption of natural
extended evaluation unit(dismantling resources between existing and newly
+ cement production process) -developed dismantling method
50 120
m Cement producing  Existing method
40 process — 100 m Newly-developed method |~

80 -
60 -
20 g
E 40 4
gm. |
20 +

0 0 r
Existing method Newly-developed method fuelcoal silicastone
(source) Mitsubishi UFJ Research & Consulting
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[JEarning ratio of recycling process under Article 28

Existing newly- _
Unit dismantling developed mia:ngnrlotvuedmeenotf
method method P
Cost JPY/vehicle 31,008 31,567 559
Dismantling Earning | JPY/vehicle 42,862 42,346 A 516
process -
Earning " 138.2% 134.1% -4.1%
ratio
Cost JPY/vehicle 3,892 3,522 A 370
Cement- - -
producing Earning JPY/vehicle 7,135 7,954 818
process Earning % 183.3% 225.8% 42.5%
ratio

(source) Mitsubishi UFJ Research & Consulting

Case 2: Smelting pressed ELV as a raw material in electrical furnace process

In case of smelting pressed ELV, the same ELV as the former, as one of
raw materials in electrical furnace process, improvement effects on the
reduction of carbon dioxide emission and slag occurrence per unit weight
have been derived especially with extracting glass in ELV. These effects
result from the modified dismantling method without machinery and the
reduction of energy consumption per unit weight, which is originated from
the declease of silicon element in molten metal. These result in nearly
a 26kg reduction of carbon dioxide emission per a ELV, nearly a 3kg

reduction of slag occurrence per a unit weight of of billet.

JEstimation of C02 emmission under extended evaluation unit

120
i M electrical furnace process
100 m Dismantling process —
80 -

R 60 -

»
.

0 -

Existing method

Newly-developed method

(source) Mitsubishi UFJ Research & Consulting



[Earning ratio of recycling process under Article 31

Existing newly- _
Unit dismantling developed ﬁi?ﬁl;tgﬁ;éﬁf
method method P
Cost JPY/vehicle 30,607 33,278 2,671
Dismantling Earning | JPY/vehicle 41,452 41,932 479
process -
Earning % 135.4% 126.0% ~9.4%
ratio
Cost JPY/vehicle 21,580 21,477 A 103
electrical - -
furnace Earning JPY/vehicle 54,501 54,501 0
process Earning 252.5% 253.8% 1.2%
ratio

(source) Mitsubishi UFJ Research & Consulting

Conclusion and future actions

Additonal improvements, like more efficient dismantling method,
setting the order of priority for parts to extract, another extracting
like commodity type plastics and selling them, taking staff = s learning
to higher level, will mitigate the declining of imcome on dismantling
process by installing new modified method. Research and development of
high-value added technologies for the recycling of halogen plastics
and/or glass will also mitigate the declining of earning rate and the
reduction of material loss. In the cement production process and
electrical furnace process, the reduction effects of carbon dioxide
emission, consumption of raw materials and waste treatment cost will be

expected and it rusluts in a rise of income In these prosesses.

Challenges for the future

Development of methods for removing glasses in less time
Accumulation of information on parts containing high-grade valuable
metals and prioritization of preferentially-collected valuable-metal
containing parts.

Accumulation of information on parts containing halogenated resin and
specification of preferentially-collected ELV parts based on the
information.

Accumulation of information on ELV parts consist of polyethylene /
polypropylene and specification of preferentially-collected ELV
parts based on the information.

Development of value-added products made from halogenated-resin or
glasses derived from ELV.
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CcC
660 6,349,247 938,868 | 2,884,954 | 1,704,436 | 1,076,564 | 6,090,633 590,434 46,432 | 19,681,568
1,000 7,272 16,919 215,779 26,813 212,896 35,017 54,775 510,731 1,080,202
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Input Output
1,003 kg/ 947 kg/
10 kg/
30 kg/
15 kg/
o,
1,005 kg/ 950 kg/
10 kg/
30 kg/
15 kg/
o,
947 kg/ 398 kg/
0.51 kWh/ 0.51 kg/
Assay 122 kg/
129 kg/
15 kg/
10 kg/
9 kg/
264 kg/
950 kg/ 363 kg/
0.50 kg/
Assay 123 kg/
130 kg/
15 kg/
10 kg/
9 kg/
300 kg/
363 kg/ 324  kg/
28.9 kg/
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0.4 kg/

0.5 kg/
9.3 kg/
398 297.4 kg/
kg/ Cu Al 1.3 kg/
2.54 kWh/
ASR 89.8 kg/
25 kWh/ ASR 4.2  kg/
ASR 5.4 kg/
324 246.4 kg/
kg/ Cu Al 1.2 kg/
2.50 kWh/
ASR 71.5 kg/
24 kWh/ ASR 3.8 kg/
ASR 1.0 kg/
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Input

Output

1,002 kg/

1,026 kg/

947 kg/
10 kg/
30 kg/
15 kg/

co,

970 kg/
10 kg/
31 kg/
15 kg/

co,

947 kg/

970 kg/

448 kg/
0.47 kg/

Assay 122 kg/
129 kg/
15 kg/
10 kg/
9 kg/
214 kg/

486 kg/
0.44 kg/

Assay 125 kg/
132 kg/
15 kg/
10 kg/
9 kg/
191 kg/

486 kg/

448 kg/
28.7 kg/

0.4 kg/

7.1 kg/

1.3 kg/
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448 448 kg/
kg/
3.0 kWh/
448 448 kg/
kg/
3.0 kwh/
Input Output
0.04 t 1.00 t
0.96 t
0.11 t
478.15 kWh/t
0.03 t
0.04 t 1.00 t
0.96 t
0.11 t
474.29 kWh/t
0.03 t
JEMAI-LCA
Input Output
ASR 0.0014 t 1t
0.099 t
0.060 t
1.5 t
ASR 0.0020 t 1t
0.098 t
0.080 t
1.5 t
JEMAI-LCA
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Input Output
24,854
26,300 / /
602 263 /
/ 789 /
451 / 395 /
10,443
24,854 / /
8 / 14,410 /
724 /
9,497 /
24,854 /
678 / 15,356 /
9,497 9,282 /
/
289 / 755kg
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11 /
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0 / 0
289 /
737 /
52 /
62
1 /
7,345
0 /
40 / Cu Al
398 / 283
ASR 2,485 /
ASR
ASR
6,086
0 /
39 / Cu Al
382 / 268
ASR 1,905 /
ASR
ASR
Cost Benefit
26,300 0
/ 996 /
601
/
451 /
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0 / 0 /
170 Assay 6,971 /
A 420 3,194 /
5,300 /
2,617 / 1,230 /
2,456
/
84 /
15,000 /
0 / 0 /
4,643 / Assay 7,137 /
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VI-1
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cc kg
660 1999 793

2002 1,039
1,500

2000 1,082

1999 1,368
2,000

2003 1,277
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660cc

38 660cc
2

1 4 35.50

2 4 1.16
3 1 6.48
4 1 3.70
5 2 2.82
6 1 1.98
7 1 25.00
8 1 21.00

9 2 3.50

10 2 (0.66
11 1 1.96
12 1 25.50
13 1 21.00

14 2 3.50

15 2 (0.66

16 2 2.00

17 1 0.50

18 2 (2.00

19 1 0.50
20 1 17.50

21 1 5.00

22 1 0.94
23 1 9.52
24 1 1.68
25 1 2.78
26 2 0.72
27 2 0.34
28 1 3.52
29 2 0.76
30 1 1.28
31 1 0.54
32 - 3.58
33 - 1.28
34 1 0.70
35 1 0.68
36 1 0.16
37 1 0.16
38 1 8.06

39 - 2.48
40 1 1.86
41 2 19.32
42 1 8.00
43 1 69.00
44 1 33.50
45 2 25.50
46 1 1.70
47 1 1.44
48 1 0.78
49 2 3.32
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39 660cc

50 2 1.70
51 BOX 1 0.30
52 1 1.40
53 1 8.52
54 1 0.62
55 1 1.32
56 1 0.20
57 BOX 1 0.58
58 1 2.54
59 - 10.50
60 1 9.00
61 1 6.50
62 1 12.00
63 BOX 1 0.86
64 1 2.26
65 1 0.70
66 1 4.14
67 2 0.84
68 2 2.68
69 1 1.50
70 1 3.70
71 1 2.22
72 1 4.10
73 1 0.72
74 1 0.50
75 1 1.40
76 1 3.24
"7 - 2.64 |AT
78 1 97.00
79 1 203.50
80 - 9.50
81 - 3.10
82 - 4.56
83 - 6.26
84 - 6.98
85 - 0.62
86 1 1.40
97 783.38
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1,500cc

40 1,500cc
2
1 1.54
2 52.50
3 8.50
4 3.00
5 0.54
6 3.72
7 2.00
8 0.90
9 30.00
10 GB.2)
a1 0.9
12) (1.74)
13) a.1)
14) (0.22)
15 29.50
16 44.00
an (2.92)
(18) (0.12)
19 (€]
20 9.02
21 19.50
22 18.50
23 3.98
24 2.00
25 13.00
26 12.50
27 1.88
28 4.50
29 1.20
30 0.98
31 2.80
32 0.60
33 1.68
34 1.50
35 0.30
36 0.52
37 0.42
38 0.98
39 7.36
40 0.06
41 0.62
42 0.36
43 0.16
44 0.86
45 0.18
46 6.08
47 3.26
48 1.58
49 0.54
50 0.38
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41 1,500cc

1 ]2
51 ETC 0.16
52 1.04
53 0.98
54 0.92
55 27.00

(56) (5.68)

7 (0.18)

(58) (0.8)
59 0.08
60 0.38
61 1.00
62 1.50
63 2.16
64 11.74
65 1.80
66 0.14
67 3.46
68 0.68
69 3.04
70 1.02
71 1.72
72 5.28
73 8.46
74 1.28
75 25.24
76 1.02
77 2.78
78 2.26
79 2.46
80 0.68
81 1.84
82 1.90
83 6.00
84 133.00
(85) 4.22
(86) 4.92
(87) 2.86
(88) 3.64
(89) 2.30
90 12.16
91 5.36
92 7.84
93 11.56
94 6.04
95 42.68
96 40.50
97 1.00
98 3.40
99 7.96
100 3.70
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42

1,500cc

1
101 ABS 3.04
102 3.58
103 0.56
104 8.90
105 11.00
106 1.64
107 1.68
108 0.88
109 0.30
110 1.06
111 1.00
112 0.64
113 3.00
114 2.50
115 3.64
116 0.14
117 1.40
118 0.64
119 0.16
120 0.44
121 4.10
122 2.50
123 1.00
124 5.50
125 1.08
126 0.32
127 1.22
128 0.20
129 4.12
130 7.00
131 0.96
132 02 0.08
133 1.24
134 0.20
135 0.20
136 3.20
137 3.56
138 3.38
139 14.56
140 0.72
141 225.00
1,031.0
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1,500cc

43 1,500cc
2
1 4 62.00
2 10.00
3 3.50
4 0.60
5 2 0.52
6 2 3.34
7 2 6.00
8 2 1.50
9 62.50
(10) 3.58
) 0.18
12) 1.84
13) 1.48
14) 0.08
(15) 2.32
(16) 0.38
17 2 46.00
(18) 3.22
(19) 0.1
(20) 1.38
(21) 0.08
(22) 1.66
23 22
(24) 5.42
(25) 0.16
(26) 0.78
70 1.42
28 9.06
29 21.50
30 20.00
31 5 3.96
32 3.50
33 40.00
34 1.78
35 3.14
36 3.42
37 0.60
38 1.94
39 2.00
40 0.30
41 2 0.46
42 2 0.38
43 2 1.02
44 1.02
45 7.44
46 2 0.20
47 0.74
48 0.36
49 0.44
50 1.44
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44 1,500cc
1 ]2
51 0.20
52 12.50
53 2.26
54 0.48
55 0.36
56 1.20
57 1.02
58 1.04
59 0.22
60 0.72
61 0.68
62 0.72
63 0.76
64 1.12
65 8.16
66 0.28
67 1.24
68 0.18
69 4.42
70 3.92
71 1.72
(72) 1.04
73 5.50
74 5.00
75 6.94
76 0.94
77 3.86
78 0.74
79 3.98
80 LLC 0.22
81 1.68
82 1.58
83 0.30
84 1.62
85 1.42
86 150.00
87 4.64
88 6.00
89 4.56
90 3.24
91 6.62
92 39.50
93 8.00
94 8.66
95 6.92
96 4.02
97 3.52
98 35.50
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45

1,500cc

1

99 3.20
100 2.78
101 3 5.96
102 ABS 3.38
103 4.02
104 CPU 0.92
105 6.00
106 11.50
107 0.46
108 1.46
109 0.74
110 0.22
111 3.00
112 3.30
113 1.50
114 5.96
115 0.30
116 1.04
117 2.40
118 1.50
119 1.98
120 6.50
121 0.70
122 8.32
123 263.00
124 0.90
125 1.18
126 0.62
127 2.50
129 1.78
130 1.18
131 0.90
132 0.62
133 0.90
134 1.18
135 5.14
136 ETC 0.08
137 0.42
138 2.36
139 1.64
140 1.34
141 11.52

1075.22 0.0

92




2,000cc

46 2,000cc

2
1 ) 67.00
2 16.50
3 5.00
4 0.62
5 4.00
6 5.00
7 1.00
8 67.00
(©) (CHY)
10 0.9
an (3.52)
12) G-2
13) 0.22)
14 54.00
15) (7.6)
(16) (0.24)
an (3.24)
(18) a4
(19) (0.44)
(20) (0.48)
21 11.00
22 2.80
23 7.00
24 21.00
25 26.00
26 5.22
27 5.00
28 23.00
29 21.50
30 1.22
31 3.02
32 1.94
33 1.84
34 3.18
35 0.54
36 1.60
37 2.00
38 0.30
39 0.52
40 0.70
41 1.32
42 1.90
43 8.28
44 0.14
45 0.98
46 0.60
47 0.26
48 0.94
49 0.12
50 3.34
51 0.24
52 0.28
53 0.52
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47 2,000cc
1 2
54 0.32
55 13.50
56 1.72
57 0.46
58 2.62
59 0.76
60 ETC 0.12
61 0.68
62 1.12
63 0.36
64 2.00
65 37.00
(66) (1.82)
(67 (9.5
(68) (0.34)
(69) (0.92)
(70) PP (0.82)
71 1.08
72 0.14
73 1.46
74 0.10
75 1.16
76 1.36
77 0.64
78 1.78
79 8.12
80 0.22
81 1.84
82 0.32
83 3.78
84 0.40
85 2.02
86 7.08
87 0.50
88 0.60
89 5.50
90 3.24
91 10.00
92 24.00
(93) (1.26)
(99 (9.18)
95 0.96
96 3.80
97 LCC 0.24
98 3.02
99 3.26
100 2.00
101 2.68
102 2.38
103 5.00 Assy
104 260.50 Assy
(105) (5.2) Assy
(106) (6.14) Assy
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48 2,000cc
1 2
(107) (10.9) Assy
(108) (3.92) Assy
(109) (4.4
(110) (2.72)
111 110.50
(112) (18.54) Assy
(113) (7-94)
(114 (36-08)
(115) (21.08)
(116) (4.96)
(117) (6.18)
(118) 54.00
(119) (9.06
(120) (44.5)
121 : 0.50
122 2.06
123 7.08
124 9.50
125 3.58
126 ABS 3.72
127 4.64
128 0.44
129 CPU 1.06
130 7.50
131 13.50
132 4.20
133 1.48
134 0.94
135 0.32
136 0.48
137 0.80
138 2.66
139 2.00
140 0.32
141 0.72
142 0.78
143 7.50
144 6.00
145 6.00
146 1.84
147 1.10
148 0.78
149 5.50
150 0.44
151 1.90
152 0.68
153 0.28
154 3.64
155 15.06
156 0.54
157 280.00
1,362.3
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1 2.08
2 65.00
3 13.50
4 11.50
5 4.00
6 0.26
7 4.38
8 6.00
9 1.00
10 62.50

(11) 6.84

(12) 0.48

(13) 3.2

(14) 2.56

(15) 0.22
16 44 .50

(17) 4.32

(18) 0.16

(19) 2.64

(20) 0.06
21 11.50
22 18.50
23 16.50
24 4.16
25 5.50
26 14.00
27 2.14
28 5.66
29 3.24
30 0.56
31 2.30
32 1.50
33 0.28
34 0.74
35 0.74
36 1.34
37 0.74
38 9.36
39 0.26
40 2.12
41 0.36
42 0.74
43 0.38
44 0.36
45 1.08
46 4.80
47 0.42
48 1.30
49 10.00
50 2.40




50

2,000cc

1

51 0.52
52 3.36
53 0.80
54 0.86
55 2.44
56 2.14
57 0.36
58 0.12
59 0.24
60 0.14
61 1.22
62 1.62
63 1.00
64 1.68
65 2.80
66 12.26
67 0.12
68 1.60
69 0.34
70 3.50
71 1.42
72 4.72
73 0.90
74 0.50
75 7.00
76 2.18
Ja 9.70
78 11.42

79 1.08

80 15.26
81 1.36
82 4.20
83 LCC 0.18
84 2.60
85 3.24
86 1.18
87 1.94
88 1.32
89 3.54
90 200.00

91 6.40

92 7.28

93 6.64

94 3.06

95 1.16

96 59.00

97 8.46

98 27.50

99 9.40
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51 2,000cc

1 J2
100 7.86
101 45.50
102 0.16
103 0.86
104 5.04
105 15.56
106 8.36
107 ABS 2.26
108 4.24
109 CPU 0.26
110 6.00
111 12.00
112 7.50
113 2.00
114 0.72
115 0.34
116 1.82
117 1.18
118 3.48
119 0.86
120 6.00
121 7.50
122 0.44
123 1.62
124 2.50
125 0.64
126 4.14
127 15.38
128 0.10
129 6.76
130 291.00
131 3.52
132 0.50
133 0.36
134 0.92
135 2.84
136 1.70
137 1.06
138 1.78
139 0.74
140 0.08
141 17.62
1270.66
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VI-2

cc 660 ~1,000 ~1,500 ~2,000 ~2,500 ~3,000 3,001~
23 1 10 7 7 1 1
kg 766 871 988 1214 1,432 1,436 1,814
I 0.47 - 0.68 - - - -
kg 391 518 553 641 868 922 937
kg 375 353 435 573 564 514 878
24 8 10 9 11 10 -
1,384 - 1,367 1,567 1,833 2,868 2,661
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53

cc 660 ~1,000 ~1,500 ~2,000 ~2,500 ~3,000 3,001~
23 2 8 9 5 2 1
kg 709 840 1,025 1,306 1,456 1,461 1,830
kg 0.49 - 0.46 0.77 - - -
kg 377 501 587 802 875 965 1,240
kg 331 339 439 504 581 496 590
1,022 - 1,416 1,587 1,758 1,606 2,028
61721 8.8 10.6 11.9 115 12.2 12.6 13.1
61722 3.3 2.6 3.0 3.4 43 - -
61723 3.3 2.6 3.0 3.4 43 - -
61724 3.0 2.9 24 2.9 37 - -
61725 3.0 2.9 24 2.9 37 - -
61726 55 4.6 45 6.3 6.4 7.6 10.9
kg 33210 0.4 0.4 06 0.6 0.9 1.2 1.0
64210 05 0.2 0.4 0.4 0.4 05 0.7
32210 0.1 0.2 0.2 0.1 0.1 0.1 0.2
47010 0.1 0.1 0.2 0.2 0.2 0.2 0.1
61630 1.9 1.9 20 35 28 - -
63010 1.7 - 29 - - . .
69100 41 4.4 41 4.9 6.1 5.2 5.1
61721 2 - 12 10 12 10 13
61722 1 - 2 2 2 - i
61723 1 - 1 1 2 - -
61724 2 - 2 2 1 - -
61725 1 - 2 2 1 - -
61726 3 - 9 6 8 8 6
33210 - - 0 0 0 0 0
64210 - - 0 0 0 0 0
32210 0 - 0 0 0 0 0
47010 0 - 0 0 0 0 0
61630 1 - 1 3 1 - -
63010 - - - - - - -
69100 2 - 3 1 3 2 1
161721 161722 161723
161724 161725 161726 —_
33210 164210
132210 147010 161630
163010 169100
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54

kWh 2.54 2.50
16
55

kg 22,650 20,830
kg 16,830 15,750

kg 74 79
5,625 4,871

kg
kg 22,529 20,700
22,680 20,880
63min. X 6 58 min. X 6

kWh 1,260 1,210
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31

60
cc 660 ~1,000 ~1,500 ~2,000 ~2,500 ~3,000 3,001~
31 0 14 12 11 1 1
kg 738 - 916 1,173 1,546 1,510 1,890
% 0.38 - 0.79 0.44 0.55 - -
kg 334 - 454 582 838 940 1,120
kg 404 - 461 591 708 570 770
3,623 - 3,553 4,170 5,040 4,320 5,100
1,537 - 1,894 2,080 2,629 3,000 3,000
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61

cc 660 ~1,000 ~1,500 ~2,000 ~2,500 ~3,000 3,001~
31 1 13 13 10 1 1
kg 763 720 1,009 1,266 1,483 1,500 1,550
ko 0.33 0.68 0.59 0.63 0.55 0.50 -
kg 324 415 483 616 750 822 830
kg 440 305 527 650 733 678 720
0 0 0 0 0 0 0
8,543 11,040 11,308 11,875 12,042 12,600 18,900
61721 95 10.7 11.6 12.9 13.3 11.2 121
61722 3.0 - 30 3.4 41 4.6 41
61723 3.0 - 3.0 3.4 41 46 40
61724 28 - 23 33 3.9 4.6 41
61725 28 - 23 3.3 3.9 46 41
61726 37 - 5.7 58 6.7 7.4 7.9
kg 33210 0.7 1.3 12 1.4 24 2.2 43
64210 0.4 0.3 03 0.4 0.4 13 0.6
32210 0.1 0.2 0.1 0.2 01 0.2 01
47010 - - - - - - -
61630 2.4 - 2.1 25 28 3.1 2.7
63010 - - - - - - -
69100 37 2.7 41 5.7 6.3 43 6.3
61721 10.9 9.8 85 10.2 8.1 10.8 10.2
61722 37 - 2.7 3.4 34 6.4 24
61723 38 - 2.7 3.4 3.7 6.0 24
61724 35 - 25 3.2 24 2.3 23
61725 35 - 25 3.1 24 2.7 23
61726 15 - 2.2 1.9 23 2.2 24
33210 26 2.8 25 3.0 45 3.9 6.0
64210 05 0.6 05 0.6 1.2 16 16
32210 1.3 2.9 20 2.1 2.2 2.0 2.1
47010 - - - - - - -
61630 3.0 - 17 25 16 2.3 13
63010 - - - - - - -
69100 36 24 1.8 2.7 16 21 15
161721 161722 161723
161724 161725 161726 —_
33210 164210
132210 147010 161630
163010 169100
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62

ce Wh Wh
660 2,933 2,880

1,000 - -
1,500 3,015 2,886
2,000 2,998 3,131
2,500 3,004 2,972
3,000 2,778 3,138
3,000 3,070 3,114
2,986 2,998

63
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VI-3

66

32210

61630

61630-1

67
No. cc (kg)
1 YNO1 2,000 24 PVC PP
32210 ’ ’ PVC
2 YNO2 660 04 PVC PP
) PET/PBT
3 YNO3 660 .04 PVC PP
PVC PP
4 YNO6 2,000 .26
PP
PVC PP
5 YNO7 1,000 .16
PVC PP
6 YNO8 2,000 .12 PVC PP TPE
PVC pp
7 YN10 2,000 .20
PVC TPE
PP TPE
8 YN11 1,500 .14
PVC PP TPE
9 YN13 1,500 .16 PVC PP
10 YN26 2,500 .10 PVC PP TPE

130




PVC PP TPE
11 YN27 1,500 .16
PVC PET
PVC
12 YN33 2,500 .10 PVC PP
PP TPE
13 YN51 3,000 .22 PVC
PVC
14 YN57 2,500 .06 PP TPE
LDPE
15 YN62 2,500 .08 PVC PP
16 YN68 3,001 .06
61630 1 YNO1 2,000 .03
2 YNO2 660 .29 PVC (PET)
3 YNO3 660 .32
4 YNO6 2,000 .82
5 YNO7 1,000 .88
6 YNO8 2,000 .83
POM
7 YN10 2,000 .03
8 YN11 1,500 .58
9 YN13 1,500 .54
10 YN26 2,500 .79
PAG
PA
11 YN27 1,500 .27
12 YN33 2,500 .01
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13 YN51 3,000 1.24 POM
POM
14 YN57 2,500 1.13
PA
G30
15 YN62 2,500 0.85
POM
POM
16 YN68 2,000 1.44
PA PET
61630-1 1 YNO1 2,000 1.45
pve PET
2 YNO2 660 0.83
PVC
3 YNO3 660 1.22
PVC
POM
4 YNOG 2,000 0.67
PVC
5 YNO7 1,000 0.50 PET
PVC POM
6 YNO8 2,000 1.29 PVC PET
PA
7 YN10 2,000 1.11 GF
8 YN11 1,500 0.00
9 YN13 1,500 0.30 PVC (PET)
10 YN26 2,500 0.91 PVC (PET)
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11 YN27 1,500 0.67 PVC
12 YN33 2,500 0.33 (PET)
PVC
PET
13 YN51 3,000 1.88 PVC
PVC (POM
PVC
PVC
14 YN57 2,500 1.79 PA
PP
15 YN62 2,500 1.83 ooN
PVC
16 YN68 3,001 1.26
Ve POM
69100 1 YNO1 2,000 8.32
ove POM
2 YNO2 660 3.32
PVC
PVC
PVC
POM
PVC
3 YNO3 660 4.66
PVC
4 YNOB 2,000 5.30
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5 YNO7 1,000 2.70
PVC
PVC POM
PVC
6 YNO8 2,000 4.82
PP
PVC
7 YN10 2,000 5.00
PVC ABS
PVC
PVC
POM
8 YN11 1,500 4.80 PVC
PVC
9 YN13 1,500 2.66 PVC
10 YN26 2,500 8.00
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PVC
11 YN27 1,500 4.44
PVC
12 YN33 2,500 8.24
PVC
POM
13 YN51 3,000 4.34
POM
14 YN57 2,500 4.72
POM
15 YN62 2,500 4.28
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16

YN68

3,001

SEA1000A

136
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68

YNO1
YNO6
YNO8
YN10

PVC

YNO1
YNO6
YNO8

PVC

10

YNO2
YN10

PVC

10

PVC

YN11

PVC

2.0kg

2.0kg
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69

70

JIS Z 7302-3

JIS Z 7302-2

FP

ZSX Primus
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71

Si02
kJ/kg C )
0.04 .03 2,930 64.28
0.03 .66 2,240 62.54
0.04 .06 1,570 66.94
0.04 .25 - 68.15
0.05 .22 - 68.75
0.03 .20 - 69.01
0.07 .15 - 68.03
0.07 .25 - 68.35
0.07 .26 - 68.56
0.07 .25 - 68.01
0.03 .19 - 69.14
0.04 .30 - 68.89
ig.loss 1000 700
600 ig-loss
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72

ASR

ASR

ASR

ASR

JIS K 0060-1992

73

JIS 7 7302-3

JIS Z 7302-4

JIS Z 7302-2

FP

ZSX Primus

140




74

kJ/Kg

ASR 3.20 20.52 2.80 27,340
ASR 6.43 29.18 8.34 36,840
3.88 67.50 0.51 12,350

ASR 4.87 14.60 2.04 29,400
ASR 18.60 33.48 3.45 22,030
7.34 44.24 0.80 18,600
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75

A 3.87 4.11 0.26
A 15.43 21.91 2.77
B 7.10 6.91 -0.44
C 9.20 8.82 0.35
D 44 .87 39.62 -2.52
E 19.53 18.63 -0.42
Si 02 Hkk Kk K -0.36
KKk Kk K _
kWh/ -A ot
Si0,
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76 22000
No.
Au ppm Ag(ppm) Pd ppm Cu
YNO5 660 72 856 103 19.
YP12 2,000 100 924 81 18.
YP19 2,000 37 610 146 16.
YP21 2,500 61 933 288 16.
YP30 2,000 103 941 106 18.
YP35 1,500 70 578 11 19.
YP42 2,000 19 344 1 16.
YP50 660 69 827 223 17.
YP52 660 17 488 113 11.
YP53 660 56 893 23 24
YP55 660 103 988 128 15.
YP56 2,500 103 685 44 20.
YP59 2,500 45 1160 281 15.
YP60 2,000 75 968 69 18.
YP62 1,500 51 999 301 17.
YP64 2,500 87 1070 339 21.
Au Ag Pd JIS M 8111 Cu JIS M 8121
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77 64210
No.
Au ppm Ag(ppm) Pd ppm Cu
YNO5 660 100 694 37 19.
YP24 660 90 306 9 13.
YP30 2,000 96 426 14 12.
YP35 1,500 163 578 8 17.
YP41 2,000 72 851 357 15.
YP42 2,000 105 330 6 12.
YP51 1,500 148 345 10 12.
YP53 660 54 288 13 14.
YP55 660 58 478 130 13.
YP58 3,000 273 432 7 18.
YP59 2,500 65 775 23 15.
YP60 2,000 79 547 6 13.
YP61 2,000 93 982 103 12.
YP62 1,500 53 639 18 14.
YP64 2,500 84 381 14 12.
YP67 3,001 317 532 22 18.
Au Ag Pd JIS M 8111 Cu JIS M 8121
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78 33210

No.

Au Ag Pd Cu Au Ag Pd Cu

ppm (ppm) ppm ppm (ppm) ppm
YNO1 2,000 1 488 1 33.2 4 661 2 41.6
YNO2 660 1 166 1 23.0 1 558 1 34.1
YNO3 660 1 478 1 19.9 1 492 1 34.4
YNO5 660 1 243 1 17.0 1 158 1 35.9
YNOG 2,000 1 237 1 30.6 6 651 1 42.3
YNO7 1,000 1 537 1 18.7 1 343 21 46.8
YNO8 2,000 5 1140 15 33.1 2 808 1 29.7
YNO9 2,000 1 14 1 21.2 1 843 1 32.0
YN10 2,000 1 445 1 40.1 1 1250 1 29.2
YN11 1,500 1 99 1 17.7 1 539 1 39.3
YN12 660 1 512 1 25.7 1 520 1 33.6
YN14 1,500 1 112 1 17.7 1 568 1 40.0
YN15 2,000 1 192 1 28.4 1 30 1 17.0
YN16 660 1 167 1 10.7 1 502 1 33.5
YN18 2,000 1 176 1 23.4 1 599 1 33.8
YN20 660 1 1620 1 20.4 1 287 1 36.6

Au Ag Pd JIS M 8111 Cu JIS M 8121
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VI-4

79
JETRO
1,605
15.78 Kith 500kW H27.2.12
12.47 kWh B H27.2.12
10,000
20,000
ASR 25,000 8 2013
30 L
10,000
IMF Primary Commodity Prices Actual Market Prices for
10.000 Non-Fuel and Fuel Commodi ties, 2012-2015,
’ coal-Australian, export markets- 1-2015
24
6,007
24
1,000
20,000
83.8 L
A 75.7 L
c 72.0 L (
- 26 11
271312 -
53.0 kg 2014 48,840MT 2,587,539,000
UFJ
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80

13,900 2 1
24,700 2 1
440 kg IRUniverse MIRU News&Report IC 2015 1
720711100
54,501 0-25 ,
2014
700,138 LME 1 1 119.65 TTS
4,807 g _ll\qs Gold 1249.70%/toz 1 1 119.65
65,858 kg g\l—issilver 17.12%/toz 1 1 119.65
3,013 g NYllgi:;adTiTusm 783.37$/toz 1 1
216,689 IRUniverselMlRU NevislgéFizgorFrTlgME 2015 1
57 kg IRUniverse MIRU News&Report
5,300 IRUnZi(\)/f;selMIRU News&Report
272 kg IRUniverse MIRU News&Report 2015 1
123 kg IRUniverse MIRU News&Report 2015 1
7.1 kg 26 12
C 84 /
C 52 /
B 29 /
B 33 /
99 kg IRUniverse MIRU News&Report 2015 1
UFJ
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81

(HHV)

co2

02
3.600 MJ/kWh | 373.8 g C02/klih - a,b
38.200 MJ/L 626.9 gCO2/L 0.069 gC02/kJ a,c
A 39.100 MJ/L 826.2 gCO2/L 0.069 gC02/kJ a,c
26.600 MJ/kg 78.8 gC02/kg 0.091 gC02/kJ a,c

ASR
26.506 MJ/kg - 0.064 gC02/kJ d,e

ASR
( ; 28.500 MJ/kg - 0.080 gC02/kJ d,e

@):

(b) : JEMAI-LCA
(c):JLCA-LCA
(d):
(e):

UFJ

2004

148




26




