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Summary

1.0Objective

Comprehensive and organized efforts are underway in Japan to achieve a “sustainable society” that
reduces the consumption of natural resources and minimizes the burden on the environment. These
include promoting the “3 RS’ (reduce, reuse, recycle) in accordance with the Basic Act on
Establishing a Sound Material-Cycle Society, establishing alegal foundation for individual recycling
laws, etc., increasing public awareness and so on. These efforts have resulted in a dramatic reduction
in the quantity of wastes dumped into landfills. From this point on, it will also be necessary to pursue
efforts focused on the quality of recycling, by reducing the quantities of natural resources that are
used, recycling valuable metals and other efforts to secure resources.

For example, efforts for the two Rs that are higher in priority than recycling (reduce and reuse), as
well as recovery of rare and other valuable metals, promotion of horizontal recycling and other
advanced recycling techniques and so on will help to reduce not only the quantity of wastes but also
the consumption of natural resources. However, there has not yet been sufficient progress on this
front. in addition, while these efforts may help to curb CO, emissions and reduce costs, their
achievability and reduction effectiveness have not been adequately verified.

Moreover, against the backdrop of problems such as global climate change, the environment
surrounding recycling has grown more complex. Dramatic increases in product performance have
been achieved, and new materials and technologies and the like have been adopted. In terms of
automobiles in particular, the first fuel cell vehicle will make its market debut in 2015, and
next-generation automobiles are expected to achieve widespread use. There is a need to clarify
issues that must be resolved to achieve more advanced recycling.

To this end, the goal of this project was to demonstrate and verify the effectiveness of “low-carbon
3R technologies and systems’ that can be expected to reduce CO, emissions, as well as to collect
and organize basic data and issues to be resolved in preparation for the deployment of low-carbon
3R technologies and systems, in order to bring about the integrated achievement of a sustainable
society and alow-carbon society.

2.Description of Project

(1)Implementation of demonstration projects for low-carbon 3R technologies and systems, progress
management and advice

1)Progress management, etc. for demonstration projects

Four projects were selected through public application process by the Ministry of the Environment
as low-carbon 3R technology and system demonstration projects. MRI confirmed the appropriate
implementation of these projects based on their respective business plans and provided advice, etc.
regarding the business plan, progress, achievements, preparation of project reports and so on within
the scope necessary for verification and assessment in (2).



2)Selected projects

MATEC Corporation: Project to promote the recycling of automobile glass

ELV.IS (End-of-Life-Vehicle Information System): Promotion of recycling through preliminary
dismantling and sorting of automobile plastics

Mitsubishi UFJ Research and Consulting Co., Ltd.: Demonstration project for dismantling and
crushing processes that help to reduce restricted production substances in automobile recycling and
improve resource utilization efficiency

Tokyo Steel Co., Ltd.: Study of technologies for advanced use of scrap iron in automobile parts

(2)Verification and assessment of environmental load reduction effectiveness and project
achievability, etc.

The effectiveness of CO, emissions reduction and other environmental load reduction that was
studied in the four selected projects, and project achievability from the standpoint of economic and
technical aspects, were verified and assessed. In addition, the effectiveness of the projects in
introducing low-carbon 3R technologies and systems in the automotive sector, and the
implementation methods, etc. and the importance of analyzing ripple effects, etc. as techniques and
indicators, etc. for integrated and cross-sectoral assessment of effectiveness in reducing CO,
emissions and so on were studied and proposed.

(3)Collection and organization of information to aid the deployment of low-carbon 3R technologies
and systems in the automotive sector

Use trends, background to use and recyclability of the new materials being used in automobiles
(carbon fiber reinforced plastics, super-high tensile steel, plant-derived plastics etc.), as well as
trends in the use of recycled resources used in automobiles, trends in component recycling and so on
were studied and determined through Internet searches (document surveys) and interviews at
automobile manufacturers.

3.Project Achievements

(1)Implementation of demonstration projects for low-carbon 3R technologies and systems, progress
management and advice

1)Implementation of progress management, etc. for demonstration projects

The progress of the demonstration projects, the project content and expenditures were confirmed by
telephone, documents, emails etc. In addition, site visits were made and assessment seminars (not
open to the public) were also held.

Specifically, the following were conducted.

*Exchange of contract-related documents (contract signing)

«Sending of accounting software and handbook on preparation of accounting documents
«Submission and checking of monthly reports covering progress of project and status of expenses
*Holding of assessment committee meetings



*Site visits
etc.

2)Achievements of selected projects

MATEC Corporation: Project to promote the recycling of automobile glass

Front windshields were removed from used automobiles to recover the glass cullet and interlayer in
order to promote glass recycling and reduce the alkali-silica reaction (ASR). The glass cullet was
recycled as raw material for glass wool, and the interlayer was recycled as raw material for
producing interlayer.

As aresult of this project, efficient and economical recycling systems are expected to be achievable
through the cooperation of auto salvage companies at the local level, and reduction of environmental
load (reduced CO, emissions, reduced ASR etc.) is also anticipated. However, the costs of
dismantling, sorting and transport exceed the purchase price of glass and interlayer, so the operation
is not profitable, and finding a way to make it commercialy viable is an issue that needs to be
resolved.

ELV.IS (End-of-Life-Vehicle Information System): Promotion of recycling through preliminary
dismantling and sorting of automobile plastics

Two types of polypropylene (PP), from the bumpers and the interior finishing materias, were
removed and sorted by auto salvage companies and then, via crushing companies, these materials
were recycled as pellets by plastic recycling companies and used to make recycled plastic, and the
quality of this recycled plastic was assessed.

As aresult of this project, the operation is expected to be commercially viable through cooperation
with auto salvage companies in specified areas (focusing on companies that have crushing and
pulverizing equipment), and a reduction in environmental load (reduced CO, emissions, reduced
ASR etc.) through the use of recycled plastic is aso anticipated. However, the costs of dismantling,
sorting and transport exceed the purchase price of PP, so the operation is not profitable, and finding
away to make it commercially viable is an issue that needs to be resolved.

Mitsubishi UFJ Research and Consulting Co., Ltd.: Demonstration project for dismantling and
crushing processes that help to reduce restricted production substances in automobile recycling and
improve resource utilization efficiency

Glass, fuse boxes, resin containing halogen and so on were recovered in advance and subjected to
pressing and shredding in order to optimize the supply chain from a material manufacturer’s
standpoint

Asaresult of this project, reduction of the shredder steel, the ASR and the halogen content and glass
content in the car crusher is expected to reduce the environmental load in material manufacture, as
well as improving resource utilization efficiency. Although the dismantling, etc. process provided
additional revenue it also produced labor costs that exceeded this revenue, reducing profitability.
In contrast, the profitability of the material manufacture process was improved through a reduction
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in expenses and a dight increase in profits. The distribution of added value from the perspective of
material manufacturers who are responsible for recycling is an issue that needs to be resolved.

Tokyo Steel Co., Ltd.: Study of technologies for advanced use of scrap iron in automobile parts

In order to adapt electrical furnace sheet steel manufactured from obsolete scrap for use in
automobiles, efforts were made to improve the surface quality of the electrical furnace sheet steel
and identify the issue involved and study measures, in order to assess the viability of using it to
manufacture actual automobile parts and to assess current manufacturing capability.

The assessment of manufacturing viability was performed for hot rolled pickled coils for use in
manufacturing automobile parts. The material was confirmed to be effective in reducing CO,
emissions as compared to manufacture with equivalent blast furnace steel. The establishment of
technologies to further improve the quality of electrical furnace sheet steel for automobile use is an
issue that needs to be resolved.

(2)Verification and assessment of environmental load reduction effectiveness and project
achievability, etc.

In recycling materials from discarded automobiles (introduction of low-carbon 3R technologies and
systems in the automotive sector), the costs and the quality of the recycled resources that are
obtained will vary greatly depending on the timing of recovery (dismantling stage, ASR recycling
stage etc.), the collection method, the recycling method and so on. For this reason, commercial
viability and effectiveness in reducing environmental load (effectiveness of project, effectivenessin
reducing CO, emissions etc.) will also vary considerably.

In conducting an integrated and cross-sectoral assessment, it is important to analyze not only the
dismantling stage but also the ripple effect when the scope of assessment is extended. This will
enable a further assessment of the effectiveness of the project (reducing the cost of ASR treatment
on the downstream side, etc.) and the effectiveness of CO, emissions reduction (effectiveness in
substituting for virgin resources through the effective reuse of resources).

Furthermore, by analyzing the ripple effect when the demonstration project is applied throughout the
entire community and in society as a whole, it will be possible to assess the future potential of the
project. When analyzing the ripple effect when the demonstration project is applied throughout
society as a whole, it will also be important to assess the advantages (reduced costs through
economy of scale, etc.) and disadvantages (cost increases resulting from the establishment of
cooperative relationships between various related parties) when efforts are expanded to awide area.

(3)Information collection and organization to aid in the deployment of low-carbon 3R technologies
and systems in the automotive sector

1) Determination of new materials and recyclability of these materials in the automotive sector
Carbon fiber reinforced plastics and super-high tensile steel are being introduced with the aim of

making vehicle bodies more lightweight and thereby improving fuel efficiency. However, the
materials themselves are very expensive and new equipment investment is required to use them, and
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these are issues that need to be resolved. Moreover, in the case of carbon fiber reinforced plastics,
issues in terms of the technical aspects have been pointed out with regard to recyclability.

The use of plant-derived plastics and natural materials is being pursued from the standpoint of
eliminating petroleum-derived materials and so on. However, issues have been identified from a
guantitative standpoint in terms of recovery (the inability to collect a sufficient volume).

2)Determination of the status of recycled resource use in the automotive sector

Automobile manufacturers are using recycled plastics derived from bumpers replaced and recovered
at dealers, in addition to recycled plastics from discarded appliances and containers and packaging,
as automobile components (lower part of engine, lower part of body, undercover for tire housing
etc.). Many of these tend to be used primarily for environmentally advanced “eco” premium vehicles,
which are comparatively expensive and enable costs to be recovered.

In promoting the use of recycled resources from now on, the need to establish a business
environment (market) that enables a stable and continuous supply of good quality recycled resources,
and the need to provide compensation for the cost of recovery and recycling and provide economic
incentives for dismantling, have been pointed out as issues that need to be resolved.
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2)MFR Melt Flow Rate ““MFR, MVR””

1-9
n 3
MFR g/10min JIS K7210 7.1 28.9
1.0 0.96
Mpa JIS K7113 1270.8 1440.5
Mpa JIS K7113 16.67 20.75
JIS K7113 44.8 16.5
Mpa JIS K7171 1314 1377
KJ/ JIS K7110 27.1 32.9

PP
1-10
OA
10 10 15
90 90 85
100 100 100
1-11
OA

MFR 9/10min 8.1 5 9.2 9 6.9 5
0.97 1.0 0.96 1.0 0.98 1.0
Mpa 1273 500 | 1333.7 700 | 13514 500
Mpa 21.1 15 215 20 21.9 15
15.7 15 27.6 12 22.2 15
Mpa 1151 800 | 1280.8 1100 | 1311.4 1100
Mpa 29.2 20 31.3 25 317 20
7.1 6 11.7 4 11.3 6

KJ/
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PP 6.5kg PP 8.3kg 1
PP 14.8kg co2
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- PP

C. co2
14.8kg><0.339kg-CO2/kg  5.0172kg-CO2

1 CO2
A B C 25.916kg-CO2
PP1kg CO2
25.916kg-CO2 =+14.8kg 1.751kg-CO2 kg
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1
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CO2 A0.5870 kg-C02/ A0.0781 kg-C02/kg
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3 ASR

Vol.23 No.6 pp.264-278 2012

2011.06
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2.1.3

2.1.2 4 2-10
2-10
&
PP CO2
PP CO2
CO2
CO2 CO2
PP
COo2 CO2
CcOo2
COo2
10
PP ASR
Cco2
COo2 5.0172kg-CO2 CcOo2 7%
1 1.2942
kg-CO2/ COo2
1kg 0.1725 37.8744kg-CO2
kg-CO2/kg 3kg-CO2/ COo2
5.0172kg-CO2 1
CO2 1
0.7072 1
kg-CO2/ Cco2 1kg/
1kg 0.0944 60kg/
kg-CO2/kg 25.916kg-CO2
PP1kg
Cco2
1.751kg-CO2 kg A
1
0.5870 kg-CO2/
1lkg 26kg-CO2/
0.0781 kg-CO2/kg Cco2
1
3kg/




ELV

co2

Cco2

2.2

221

2.2.2

Cco2

COo2

Cco2

CcOo2

45

CcOo2



1)

1)

2)

-327.6

46

1kg

-47.1



3)

2-11

2)

1
1kg
-44.6  / -6.7  /kg
7.7/ -1.0  /kg
211/ -2.8  /kg
-63.7 / -8.5  /kg
-84.3 / -13.9  /kg
9.2 / -1.2  /kg
-135.0 / -18.0  /kg
3.0 / -0.4  /kg
-6.6 / -0.9  /kg
5.9 / -0.8  /kg
-381.1  / -54.2  /kg
3.5 / 7.1 /kg
-327.6 / -47.1  /kg
2)
2
1 80

47

15



A 74
62.5 1kg 8.3
2-12

1 1kg

-44.6  / -6.7  /kg

7.7/ -1.0  /kg

21,1/ -2.8  /kg

-63.7 / -8.5  /kg

347  / 57  /kg

9.2 / -1.2  /kg

783 / -104  /kg

-3.0 / -0.4  /kg

-6.6 / -0.9  /kg

5.9 / -0.8  /kg

-274.8 / -38.4  /kg

625 / 83  /kg

-212.3  / -30.1 /kg

4)
1kg 471
1kg -30.1
ASR
2) ELV
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1)

PP
1,513 2,000 1
1kg
2-13 1 PP
1,817 10175 /
1,389 777.8 |/
1,334 747.0 |/
1,513 8473 |/
2-14 1kg PP
1 1 1kg
PP
10175 / 17.8 kg/ 57.2 /kg
777.8 |/ 14.6 kg/ 53.3 /kg
747.0 |/ 12.1 kg/ 61.7 /kg
8473 |/ 14.8 kg/ 57.3 /kg
2)
PP
PP
4 1 35,000
PP 0.8 1 2
1kg 21.9
4 1
16,000
1 2 1kg 10.0
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10 10 1 50,000
PP 20mm 10
10 PP 1 1 1kg
5.0
PP
3)
4 1kg 25
1
1kg 15
4)
2-15
2-15 kg
57.3 57.3 57.3
21.9 10.0
5.0 5.0 5.0
25.0 25.0 15.0
109.2 97.3 77.3
PP 65 kg 3
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©) UFJ

1)

100
ASR
A
2-16
31,008 31,567 559
42,862 42,346 A 516
138.2% 134.1% -4._.1%
3,892 3,522 A 370
7,135 7,954 818
183.3% 225.8% 42 .5%
2-17
30,607 33,278 2,671
41,452 41,932 479
135.4% 126.0% -9.4%
21,580 21,477 A 103
54,501 54,501 0
252 .5% 253.8% 1.2%
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ASR

31

ASR

52
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3)

(4)

1)

2-18

28

179.4%

210.8%

31.4%

31

242.7%

240.5%

-2.2%

Cu

0.30
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222

2-19

2-19

ASR

1lkg
-30.1

kg PP
65 /kg

77
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ASR
PP

56

PP

ASR

ASR
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2.3

1
CcOo2
1
1 3
3R
6(074
231
1 Cco2 2-20
3 Co2

2-20 CcOo2

PP COo2
CO2
PP COo2

COo2 COo2 COo2

ASR

ASR
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ELV

2-14

ASR

CO2

..........
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2-14

2-21

2-21
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ASR
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Cco2

co2

15

C0o2

2-15

2-22 1
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2-22

ASR
ASR
ASR
PP COo2
PP COo2
COo2 COo2 COo2
COo2 ASR ASR ASR
23.2
221 222
6(07
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(1)

2-23

2-23

ASR

TMR

)

231

®3)

2-24
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2-24

ASR

ASR
B-C

ASR
B C

ASR
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3.1

Cco2

COo2
Cco2

3R

Cco2

CO2

65

3R

CFRP

3R



Web

66

3R

3R

CFRP

Web



3.2

Web
2014 10 Web
3.2.1 Web
Web 2014 10
31
1) CFRP
70
CFRP
15
> 2011 AG CFRP
2012
> GM 2015
> SGL 2011
BMW 2013 BMW
i3
CFRP
3 BMW
)
980MPa
1200MPa
1200MPa
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1800MPa

SUvV CX-5
)
(4)

PET

2011 11
CO2
20% 2011
Mazda2
Mazdab CX-5 Mazdab
(5)
10
20

68

80%

SKYACTIV-G

Mazda3



BMW BMW i

100 FSC®
> BMW i 34
100
25
(6)
2009 70%
40% 2011 SKYACTIV-G

Mazda2

DPF
SKYACTIV-D

69

PET
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3.2.2

321
1) CFRP
CFRP
1)
CFRP
>
CFRP
CFRP
CFRP
2)
3)
CFRP

75

CFRP

CFRP

32
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CFRP

CFRP CFRP
3-2
A 2
CFRP CFRP
90
CFRP
CFRP

-CFRP - CFRP

B CFRP
CFRP

CFRP

C . CFRP
- CFRP
80%
D CFRP
CFRP
CFRP
- CFRP

CFRP
E
F

)
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CFRP

CFRP

®3)

1)

6(0

2)

3)
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PP

VOC

PP

(4)
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1)

2)

3)

+ PGM C0o2
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3.3

Web
2014 10
3.31
3-6
<> 25% 2012
<> 24% 2012
< 29% 2012
< 2.6% 2013
< 35% 2004
3-6
25% 2012 2013/JOGMEC
24% 2012 2013/JOGMEC
29% 2012 2013/JOGMEC
2013
2.6% 2013
35% 2004 o s s
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3.3.2 Web

Web 2014
Web

(1)

90

)

1997

10

2013

12

Car to Car
2,000

82

to

2011

2013

2013

9

19

8

5,000

72,000

2014
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80

2013

Car to Car
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99

Car to Car
2012
8 Car to Car
2011
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