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Abstract The ‘whole recycling method’, in which an

end-of-life vehicle (ELV) is pressed and transferred to an

electric furnace or converter, simultaneously recycles iron

and treats automotive shredder residues. This contrasts

with the usual practice of shredding ELVs to produce

scrap. An advanced dismantling process is required to

recycle pressed ELVs using a converter because the quality

of scrap entering a converter is restricted (the copper

content must be low). Here, life cycle assessments are

performed to determine the amounts of greenhouse gases

(GHGs) emitted recycling an ELV using the whole recy-

cling method and using the shredding method. Recycling a

pressed ELV in a converter was found to cause GHG

emissions approximately 320 kg-CO2e lower than caused

by the recycling of the pressed ELV in an electric furnace.

Approximately, 120 kg-CO2e less GHGs were emitted

when recycling in a converter than when using the shred-

ding method. However, the amount of greenhouse gases

reduced by a converter depends on the conditions used,

such as the presence of a Linz–Donawitz converter gas

recovery facility. It is hoped that incentives can be devel-

oped to improve scrap metal quality by encouraging

automobile manufacturers to design for disassembly and

recyclers to disassemble more ELV components.

Keywords Climate change � End-of-life vehicle (ELV) �
Life cycle assessment (LCA) � Recycling � Waste

management

Introduction

An end-of-life vehicle (ELV) contains hazardous objects

(e.g., fuel and lubricant oil) and valuable resources (e.g.,

iron and copper), and the collection of both is regulated in

many countries [1]. Typically, an ELV will be dismantled

and the valuable and hazardous parts collected and recy-

cled. The dismantled ELV will then be shredded and the

iron and non-ferrous scrap collected. The remainder, con-

sisting of plastics, glass, and other materials, is called

automotive shredder residue (ASR). It is important to

efficiently treat and recycle ASR from both economic and

environmental points of view [2, 3]. Techniques have been

developed for recovering and recycling heat and materials

from ASR [4–6]. However, it has been reported that

additional processes, such as advanced separation pro-

cesses and hazardous gaseous emissions treatments, are

required [7–11]. Further developing ASR treatments will

require manufacturers to design vehicles to allow effective

dismantling [12] and the dismantling process to be per-

formed more rigorously than currently [13, 14].

Japanese dismantlers remove the valuable parts of an

ELV and sell them to maximize their profits. The rest of the

dismantled ELV is recycled in one of two ways. One

method is to shred the dismantled ELV, separate the alu-

minum, copper, and iron scrap, then incinerate the

remaining ASR or send it to a landfill site. The other

method is called the ‘whole recycling method’, which

involves pressing the dismantled ELV and transferring it

directly to an electric furnace or converter to recycle the
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iron [15]. Even though the whole recycling method has the

advantage of not producing ASR, it accounted for less than

10 % by number of the ELVs recycled in Japan in the 2013

financial year [16]. This method does not appear to be used

in other countries. One reason the whole recycling method

is used to recycle so few ELVs is that a dismantled ELV

contains copper and plastics, both of which are regarded as

unwelcome contaminants by the steel producers that may

use the recycled metal [17]. It is difficult to remove copper

from molten metal during the steel production process, and

copper contamination negatively affects the quality of the

steel produced. The copper content of the steel produced is

managed by the producer by mixing high-quality (low

copper content) scrap with low quality (high copper con-

tent) pressed ELV scrap. Plastics in pressed ELVs also

cause problems. It is possible to recover heat from the

plastics, but the energy-rich volatile matter produced by

plastics is not used in most electric furnaces because of the

large investment required to install facilities for recovering

heat, treating the gases produced to meet emission stan-

dards, and other processes [18].

Blast furnace operators produce high-quality products,

such as high-tensile steel, that require only virgin

material or scrap with a copper content of less than

0.3 % to be used. To achieve this, certain parts need to

be removed before an ELV is pressed [19] and trans-

ferred to a converter. Dismantling costs are, therefore,

high when recycled iron is to be used to produce high-

quality steel. Recyclers sell pressed ELV scrap with a

copper content higher than 0.3 % to electric furnace

companies. No statistical data are available on the pro-

portions of pressed ELVs recycled in electric furnaces

and in converters in Japan. It has been suggested that

more pressed ELVs may be recycled in electric furnaces

than converters because the latter involves higher dis-

mantling costs and because a number of electric furnace

operators use pressed ELVs [17]. However, at least two

dismantlers sell pressed ELVs to blast furnace operators

for recycling in converters [20].

Matsubae et al. [21] used a waste input and output

material flow analysis model to assess the degree to

which eliminating copper from ELV scrap will decrease

CO2 emissions. However, all the ELV scrap was recy-

cled in electric furnaces in the scenarios they considered.

In another study, automobile recycling inputs and outputs

were analyzed to assess CO2 emissions during the

recycling of pressed ELV scrap in a converter and an

electric furnace [22]. It was concluded that less CO2 will

be emitted using a converter than using an electric fur-

nace. However, the different compositions of the pressed

ELV materials recycled in converters and electric fur-

naces were not considered. In this study, we aimed to

quantify the amounts of greenhouse gases (GHGs)

emitted when recycling ELVs using the whole recycling

method and the shredding method taking into account

the different compositions of the materials recycled using

the different methods.

Materials and methods

Scope of the study

This study is focused on ELV recycling using the whole

recycling method and the shredding method. We classed

the dismantling methods as conventional or advanced.

Conventional dismantling meets the requirements of

Japanese automobile recycling laws, but only valuable and

easily disassembled parts and parts specified by law (air

bags and fluorocarbons) are removed and collected. An

ELV will have a copper content of approximately 0.7 %.

When the whole recycling method is used, scrap with such

a copper content can only be accepted by electric furnaces.

In an advanced dismantling process, parts with higher

copper contents (e.g., windshield wiper motors and motors

and cable harnesses in doors) are also collected and recy-

cled. Glass remaining in a pressed ELV will decrease the

heat efficiency of the process, so the front and rear wind-

shields and side windows are also removed before an ELV

is pressed. This glass can be recycled to produce glass

fiber. These extra dismantling stages mean that a pressed

ELV will have a copper content of less than 0.3 % and can

be used in a converter to produce iron for use in high-

quality steel.

The lifecycle assessment method [23] was used to

evaluate GHG emissions during the recycling activities.

We performed this study because recycling metals can

cause large amounts of GHGs to be emitted and because

climate change is one of the most important environmental

issues. The lifecycle assessment method allowed the total

amounts of GHGs emitted to be estimated. Geographical

aspects of a source of emissions and the concentrations of

the gases emitted should be considered when evaluating

other environmental factors such as effects on human

health. Emissions of hazardous substances (e.g., NOx) are

regulated and managed at each site, so this study was

focused on the potential effects of recycling ELVs on cli-

mate change. GHG emissions were evaluated in terms of

net CO2 equivalent (CO2e) units accruing from emissions

of gases including CO2, CH4, and N2O. As characterization

factors for GHGs, global warming potentials based on a

100-year timeframe [24] were used. The recycling of one

ELV was used as the functional unit, in accordance with

Japanese automobile recycling law.
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Recycling process

An overview of the dismantling processes is shown in

Fig. 1. First, reusable parts are removed from an ELV. The

market for spare parts determines the components that are

removed. Parts that are easily damaged in accidents, such

as bumpers, fenders, headlights, and doors, are kept for

reuse. We assumed, in our default scenario, that not all

parts will be removed for reuse because market conditions

vary. Liquids, plastics, and functional parts (e.g., fuel and

engine coolant, seats, and tires, respectively) are then

removed. Heaters, evaporators, condensers, and cable

harnesses are then removed, and, if the doors are not

reused, the advanced dismantling process also involves

removing cable harnesses and motors from the doors to

decrease the copper content of the dismantled ELV. The

dismantled ELV is then pressed to give a block approxi-

mately 500 mm 9 600 mm 9 700 mm. The pressed ELV

is then recycled in an electric furnace or converter to

produce iron.

The whole recycling method does not produce ASR

because any remaining plastic parts are incinerated in the

furnace or converter. Plastics incinerated in a converter

have to be pressed within the ELV block to avoid the

plastic burning too rapidly and to increase the heat effi-

ciency of the process. Plastic parts that are not reused are,

therefore, placed within an ELV before the ELV is pressed.

System boundary

The system boundary used in the study is shown in Fig. 2.

Dismantled parts that are reused were excluded from the

system because these are not end-of-life parts. All of the

parts collected for disposal or for their materials to be

recycled were included in the system. GHG emissions

during the recycling and disposal processes and decreases

in GHG emissions (called credits) caused by recycling

materials (compared with producing new materials) were

included in the assessment. Credits were quantified from

the total mass of material recycled, and recovered heat was

defined as the decrease in heat that needed to be added. A

substitution rate of 100 % was used. For example, we

assumed that scrap iron from an ELV was recycled to make

crude steel, decreasing the amount of crude steel needing to

be produced from virgin material by the amount of crude

steel produced from the scrap iron supplied. GHG emis-

sions associated with the amount of virgin material not

required were therefore subtracted when producing a net

assessment of the impact of recycling. We did not include

transportation in the analysis because the distances mate-

rials are transported and the transportation methods used

are independent of the recycling method used.

Data collection

Outline

The data collection and calculation stages are shown in

Fig. 3. The mass and material type of each ELV part were

first modeled. Lists were then drawn of the parts collected

in the conventional and advanced dismantling processes

and of the recycling and disposal methods used for the

parts. GHG emission data were then acquired for the

recycling and disposal methods used for the parts, for

recycling the pressed ELV in an electric furnace or con-

verter, and for producing steel from virgin material.

End-of-life 
vehicle (ELV)

(Reusable parts 
collection)

Parts and 
Liquid 

collection

Dismantled 
ELV

Collected parts and objects* (example)

Fuel, engine coolant, tire, 
battery, bumper, engine, driver 
shaft, fuel tank, catalyst unit, 
evaporator, starter, cable 
harness (main)

Stages

*Collected parts and objects depend on the dismantling option 
and the scenario. Exact information adopted in this study is 
available in the supplementary material.

The conventional dismantling The advanced dismantling

+ 
Seat, wiper motor, fuse box, 
window glass, cable harness in
doors

Fig. 1 Outline of the

dismantling processes, adapted

from [24]
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Model ELV

A new automobile becomes an ELV after approximately

13.3 years [25]. Most of the material in an automobile is iron,

but the proportion of plastics in automobiles was higher in

the 1990s and early 2000s than in the 1970s [26]. The pro-

portion of aluminum in automobiles was also slightly higher

in the 1990s and early 2000s than in the 1970s [26, 27],

whereas the proportion of lead in automobiles was lower in

the 1990s and early 2000s than in the 1970s [28]. The

material compositions of automobiles did not fluctuate sig-

nificantly in the 1990s and early 2000s [26].

Given these trends, model data for an automobile with

a 1500 cc engine manufactured in 1997 [29] were used as

the base data, and component mass data for the same type

of automobile but manufactured in 2002 [30] were used

to update the dataset. The material composition of the

model ELV is summarized in Table 1 (detailed data are

available as supplementary material). The plastic fraction

is mainly polypropylene [26], so all of the plastics were

treated as polypropylene. We note that hybrid vehicles,

which have different material compositions to the model

ELV used here [31], will become increasingly common

ELVs in the future, but such vehicles were not included

in our model.

Collection and recycling of parts

The parts of an ELV that are removed and recycled depend

on the business policy of the recycling company

Parts recycling

Pressed ELV recycling 
at a converter

Advanced dismantling

Pressed ELV recycling 
at electric furnace

Conventional dismantling

Reuse Out of system boundary

<System boundary>

End-of-life 
vehicle (ELV)

Dismantling

Credit induced by 
parts recycling

- 

Collected parts

Credit induced by 
pressed ELV recycling

Credit induced by 
pressed ELV recycling- 

- 

Pressing

ShreddingDismantled 
ELV Scraps recycling - Credit induced by 

scraps recycling

Advanced and conventional dismantling

Whole recycling method

Fig. 2 Schematic of the

recycling methods and the

system boundary used

Modeling of ELV

Collected parts list setting

Recycling or disposal method setting

Parts recycling and disposal method

Pressed ELV recycling

Virgin material production

Calculation of GHG emission of ELV recycling activities

< GHG emission data collection >< Material flow data setting >

+ 

+ 

Fig. 3 Data collection and calculation flow
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performing the work, the businesses the recycling company

trades with, the states of the scrap and spare parts markets,

and a number of other factors. The Toyotsu Recycle Cor-

poration, which recycles ELVs produced by Toyota,

Honda, and other brands owned by these companies (later

called the ‘TH team’), has three standards stipulating the

parts that should be removed from an ELV to ensure that

the copper content of the pressed ELV will be less than 0.7,

0.5, or 0.3 % [19]. The TH team pays incentives to ELV

treatment companies to ensure that high-quality pressed

ELVs are produced. For a medium-sized car, the incentive

for a pressed ELV containing less than 0.3 % copper is

4000 JPY and the incentive for a pressed ELV containing

less than 0.7 % copper is of 2500 JPY [19]. In our model,

conventional dismantling processes were assumed to meet

the 0.7 % copper standard and advanced dismantling pro-

cesses were assumed to meet the 0.3 % copper standard.

The conditions used by the West-Japan Auto Recycle

Company [32] were used for parts not mentioned in the TH

team standards. The West-Japan Auto Recycle Company

can recycle 1000 ELVs per month and is one of the main

companies currently using the whole recycling method.

The material composition of a dismantled ELV is sum-

marized in Table 1, and the parts removed during each type

of dismantling process are listed in the supplementary

material. In the default scenario, we assumed that all of the

parts are recycled rather than reused. However, the reuse of

parts was taken into account in the uncertainty analysis

described in the ‘‘Results and discussion’’ section.

The recycling and disposal methods used for major ELV

parts are summarized in Table 2, and further details are

available as supplementary material. Parts made of a single

plastic and that could easily be collected were assumed to

be mechanically recycled, but other plastics were assumed

to be incinerated (to recover heat) or landfilled. Iron was

assumed to be recycled in an electric furnace except for

pressed ELVs dismantled using the advanced process.

Aluminum was assumed to be melted to produce secondary

Table 1 Material compositions

of the model end-of-life vehicle

and the dismantled end-of-life

vehicle [Unit: kg]

ELV before dismantlinga Dismantled ELV

Without reuse With reuseb

Conventional Advanced Conventional Advanced

Iron 743.5 418.9 366.6 291.1 239.8

Aluminum 79.2 18.0 18.0 18.0 18.0

Copper 11.6 4.1 1.3 3.5 1.0

Lead 5.9 0.0 0.0 0.0 0.0

Plastics 170.0 125.3 96.9 107.6 79.3

Glass 31.1 31.1 0.6 12.5 0.3

Liquids 35.8 0.0 0.0 0.0 0.0

Others 1.7 0.3 0.0 0.3 0.0

Total 1,078.8 597.9 483.5 433.1 338.6

a The ELV composition data were modeled from [29, 30]
b The ELV composition with reuse was only used for the uncertainty analysis

Table 2 Recycling and

disposal methods for the major

components

Name Mass (kg) Recycling or disposal method (if collected)

Engine unit 180.0 Electric furnace (iron); nonferrous refining (the rest)

Tire 52.5 Electric furnace (iron); heat recovery (plastics)

Front strut 42.7 Electric furnace

Rear chassis component 40.5 Electric furnace

Fuel 25.2 Heat recovery

Driver’s seat 19.5 Electric furnace (iron); landfilled (plastics)

Passenger’s seat 18.5 Electric furnace (iron); landfilled (plastics)

Cable harness 14.8 Shredded and nonferrous refining (copper); landfilled (plastics)

Rear sheet (right) 13.0 Electric furnace (iron); landfilled (plastics)

Windshield glass 13.0 Recycling to glass fiber

Rear sheet (left) 12.5 Electric furnace (iron); landfilled (plastics)

Drive shaft 12.2 Electric furnace
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aluminum for use in processes such as die-casting. Copper

was assumed to be recycled in a copper smelter to give

electrolytic copper.

GHG emission factors

The utilities consumed during the dismantling and pressing

processes shown in Table 3 were determined using actual

West-Japan Auto Recycle Company data collected

between April 2014 and March 2015 [32]. The data

included utility consumption not directly related to the

dismantling and pressing processes, but this consumption

was small and did not significantly affect our results.

The main GHG emission factors used in the study are

summarized in Table 4. The GHG emission factors for the

generation of electricity and the production of materials

were mainly obtained from the Japanese process-based

lifecycle assessment database IDEA v.1.1 [33], but a few

special cases required modifications, as described below.

– Recycling pressed ELV scrap in an electric furnace or

converter Inventory data from a previous study were

used [34]. Carbon-rich molten pig iron is oxidized in an

exothermic process in a converter. Scrap iron is added,

and the excess energy is collected as Linz–Donawitz

converter gas (LDG). The heat balance in the converter

was modeled using the aluminum and plastic contents

to evaluate the heat input (modeled as Al to Al2O3 and

C to CO2) and heat loss (caused by adding glass). For

example, glass will be heated to the same temperature

as the molten iron (1600 �C), and the heat required was

calculated from the specific heat of glass. Plastics in a

Table 3 Consumptions of utilities per end-of-life vehicle in the dismantling and pressing processes

Recycling process Utility (unit) Amount GHG emission factorb (kg-CO2e/unit) GHG emission (kg-CO2e)

Dismantling and pressing process Electricity (kW h) 4.66 9 101 5.68 9 10-1 2.65 9 101

LPGa (kg) 4.37 9 10-1 3.73 1.63

Diesel oil (L) 5.58 2.90 1.65 9 101

Water (m3) 3.31 9 10-1 1.34 9 10-1 4.44 9 10-2

Total 4.46 9 101

Dismantling process for shredding Electricity (kW h) 2.93 9 101 5.68 9 10-1 1.66 9 101

Diesel oil (L) 9.70 2.90 2.81 9 101

Total 4.48 9 101

a Liquefied petroleum gas
b Greenhouse gas emission factors were taken from the lifecycle assessment inventory database IDEA v.1.1 [33]

Table 4 Main greenhouse gas emission data used in the study

Class Process GHG emission factor (kg-CO2e/unit) Unit Ref.

Recycling process Electric furnace (iron) 6.03 9 10-1 kg [33]

Converter (pressed ELV) 2.96 9 10-2 kg [34]

Electric furnace (pressed ELV) 3.80 9 10-1 kg [34]

Secondary aluminum production (aluminum) 3.55 9 10-1 kg [33]

Copper refining 1.84 9 10-1 kg [33]

Mechanical recycling (plastics) 9.20 9 10-2 kg [33]

Shredding of cable harness 5.04 9 10-2 kg [37]

Shredding of dismantled ELV 3.57 9 10-2 kg [29]

Incineration (plastics) 3.14 kg [33]

Recycling to glass fiber 1.93 kg [33]

Credit (virgin material/energy production) Crude steel 1.66 kg [33]

Primary aluminum 1.03 9 101 kg [33]

Electrolytic copper 2.94 kg [33]

Polypropylene 1.84 kg [33]

Heat energy (coal) 9.48 9 10-2 MJ [33]

Glass fiber 2.34 kg [33]
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pressed ELV were assumed to be converted to LDG in

the converter using the heat value of the plastic. Every

blast furnace in Japan has a gas recovery facility [35].

The energy in the plastic was estimated to be converted

into heat at an efficiency of 70 % [18], and an

uncertainty analysis was performed on this parameter.

Gases produced from plastics are not used in electric

furnaces [18]. Recycling a pressed ELV increases the

amount of electricity consumed in an electric furnace

because of the gas emission treatments and other

processes that are required [18], so the GHG emission

factor will be larger for an electric furnace than for a

converter when a pressed ELV is recycled.

– Shredding a dismantled ELV Dismantling one ELV

uses 29.3 kW h electricity and 9.7 L diesel oil and

shredding one ELV uses 0.0628 (kW h)/kg electricity

[29]. After shredding, 99.5 % of iron and 80 % of non-

ferrous scrap are collected [29], then ASR is inciner-

ated in a power generation system. The electricity

generation efficiency was assumed to be 17 %, which is

the best electricity generation efficiency that has been

achieved using industrial waste in Japan [36].

– Recycling copper scrap in a copper smelter Cold scrap

is added to a copper smelter, so we included GHG

emissions for the processes involved in changing crude

copper into electrolytic copper. These data were taken

from IDEA v.1.1 [33].

– Recycling cable harnesses Shredding process data were

obtained from the JLCA-LCA database [37].

– Recycling glass Glass is recycled and turned into glass

fiber. The GHG emissions for this were calculated by

subtracting data for the input material (silica sand) from

data for the glass fiber production process (from IDEA

v.1.1) [33].

Results and discussion

Results

The contributions of the four recycling options to the GHG

emissions are shown in Table 5. GHG emissions were

found to be approximately 320 kg-CO2e lower using the

whole recycling method with advanced dismantling than

using the whole recycling method with the conventional

recycling and approximately 120 kg-CO2e lower than

using the shredding method. The use of gases produced

from the plastics included in the pressed ELV in the con-

verter (i.e., heat recovery) contributed to the lower GHG

emissions in the whole recycling method with advanced

dismantling. Removing the glass also decreased the GHG

emissions by increasing the parts recycling credit and

avoiding heat loss during the ELV recycling process. As

shown Table 1, more than 28 kg more plastic was removed

in the advanced dismantling process than in the conven-

tional dismantling, and this decreased GHG emissions

using the advanced dismantling process. The GHG credit

of iron in dismantled ELV recycling process was higher for

conventional dismantling than for advanced dismantling

because more iron is retained in conventional dismantling

when compared with the advanced dismantling, as shown

in Table 1.

Almost the same amounts of GHG emissions were found

for both dismantling methods used with the shredding

method. Even using conventional dismantling, incinerating

the ASR at a high heat recovery efficiency (17 %) was

found to lead to GHG emissions similar to emissions

during advanced recycling.

Less GHGs were found to be emitted using the shred-

ding method than using the whole recycling method when

an ELV is dismantled using the conventional processes.

This was because a different amount of GHG will be

emitted during the recycling of non-ferrous metals. Non-

ferrous metals remaining in the dismantled ELV were

collected and treated as scrap in the shredding method but

were not recycled in the whole recycling method. Alu-

minum contributed most of the remaining non-ferrous

metals, as shown in Table 1. Heat energy from plastics in

the pressed ELV was assumed not to be used in the electric

converter, unlike in the shredding method.

The whole recycling method with advanced dismantling

was found to emit less GHGs than the other options. The

plastics remaining in the pressed ELV were assumed to be

used very efficiently (70 %), and the heat recovered in the

converter was assumed to decrease the amount of coal

required to provide heat. More CO2 per unit of heat was

found to be emitted using coal than using other energy

sources, such as the energy supplied to the electric furnace.

Additionally, increasing the amounts of parts recycled would

also decrease the amounts of GHGs emitted because non-

ferrous metals and glass in a pressed ELV will decrease the

heat efficiency of processing the pressed ELV in an electric

furnace or converter and cause inert pellets to form.

Uncertainty analysis

Uncertainty analysis was performed on the parameters that

may have affected the results. The effects of the parameters

on the results in the scenarios described below were

evaluated.

Scenario 1 In the default analysis, we assumed that not

all parts would be reused, but some would be recycled or

disposed of, and some reused (depending on the state of the

spare parts market). Therefore, parts that are easily
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damaged in accidents, such as bumpers, fenders, head-

lights, and doors were assumed to be reused and were

treated as being outside the system boundary. The material

composition data are summarized in Table 1.

Scenarios 2 and 3 Plastics added to the converter were

assumed to be used to produce heat at an efficiency of

70 % in the default analysis. The heat production efficiency

was set at 60 % in the worse-case scenario 2 and 80 % in

the better-case scenario 3.

Scenario 4 Energy from plastic was assumed not to be

used in the electric furnace in the default analysis, but some

energy could be recovered before the volatile products are

exhausted. Therefore, the potential for energy released

from plastic through the conversion of C to CO decreasing

the consumption of electricity was estimated.

Scenario 5 Scenarios 2 and 4 were combined to give a

particularly poor whole recycling method with advanced

dismantling scenario.

As shown in Fig. 4, the uncertainty analysis showed that

less GHGs would be emitted using the advanced

dismantling option than using the conventional option in all

of the scenarios that were tested using the whole recycling

method. It should be noted that the baseline (zero) in Fig. 4

Table 5 Greenhouse gas

emissions during the recycling

of an end-of-life vehicle [Unit:

kg-CO2e]

Whole recycling Shredding

Conventional

dismantling

Advanced

dismantling

Conventional

dismantling

Advanced

dismantling

ELV dismantling and pressing or shredding 45 45 66 62

Parts recycling process

Iron 192 224 192 224

Aluminum 22 22 22 22

Plastics 106 187 106 187

Glass 0 59 0 59

Others 29 29 29 29

Parts recycling credit

Iron -502 -584 -502 -584

Aluminum -88 -88 -88 -88

Plastics -116 -128 -116 -128

Glass 0 -71 0 -71

Others -35 -43 -35 -43

Dismantled ELV recycling process

Iron 159 11 251 220

Non-ferrous metals 7 7 6 5

Plastics 394 305 394 305

Glass 7 0 0 0

Others 0 0 0 0

Dismantled ELV recycling credit

Iron -661 -578 -657 -575

Non-ferrous metals 0 0 -158 -152

Heat recovery 0 -160 -155 -120

Total -442 -766 -649 -650

S1: Major parts were reused
S2: Heat efficiency of plastics use was 60 % in the converter
S3: Heat efficiency of plastics use was 80 % in the converter
S4: Plastics’ energy from C to CO was recovered in an electric furnace
S5: Combination of S2 and S4
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Fig. 4 Uncertainty analysis results for greenhouse gas emissions in

different scenario
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is the point at which a vehicle first becomes an ELV;

therefore, all recycling options in all scenarios reduced

GHG emissions. In scenario 4, less GHGs (-156 kg-CO2e)

were found to be emitted when the whole recycling method

involved conventional dismantling than in the default

scenario because of the use of energy released from plastic

(only from the conversion of C into CO), but the amount of

GHGs emitted using advanced dismantling was not affec-

ted. The conversion of CO into CO2 releases 283 kJ/mol,

and the conversion of C into CO releases 111 kJ/mol.

Therefore, recovering energy (C into CO2) in a converter

will significantly decrease GHG emissions.

In scenario 1, less GHGs were found to be emitted using

the shredding method than the whole recycling method.

Reusing parts decreased the advantage of using a converter.

This was because the plastic content in the dismantled ELV

had been reduced by the reuse and the effect of high-effi-

cient heat recovery, a characteristic of a converter use, was

reduced. The aluminum in the dismantled ELV was

assumed not to be recycled in the whole recycling method,

and this removed the advantage offered by the whole

recycling method. The model dismantled ELV contained

more than 10 kg of aluminum, as is shown in Table 1, and

it is recommended that the whole recycling method should

include the removal of parts containing aluminum.

Discussion

Less GHGs were found to be emitted by the whole recy-

cling method with advanced dismantling than by the other

options that were evaluated. This was because the whole

recycling method with advanced dismantling involved very

efficiently using energy in the plastic material, because all

blast furnaces in Japan are equipped with LDG recovery

facilities. However, blast furnaces in other countries are not

always equipped with LDG recovery facilities. For exam-

ple, blast furnaces responsible for less than 20 % of the

total steel production capacities of China, the EU, India,

and the US were equipped with LDG recovery facilities in

2000 [35]. The whole recycling method using a converter

was found only to improve performance using a converter

equipped with a LDG recovery facility, so the availability

of such facilities should be taken into account when studies

are performed for regions other than Japan. Note that using

an electric furnace with an energy recovery facility will

decrease the difference between the results for the different

processes.

When major parts were assumed to be reused (Scenario

1 in the uncertainty analysis), the shredding method was

found to offer a slight advantage over the whole recycling

method with advanced dismantling. We assumed an ASR

heat recovery power generation efficiency of 17 % for the

shredding method using both conventional and advanced

dismantling, but this is the best case that occurs in Japan. It

should be noted that a low generation efficiency will cause

this advantage to disappear.

Almost the same GHG emission rates were found for the

different shredding methods because we assumed that

valuable scrap would be collected during the shredding

process even when parts were not removed. However,

recently produced automobiles, such as hybrid cars, con-

tain materials that are difficult to remove separately during

the shredding process. Therefore, it is not recommended

that ELVs that have undergone simplified dismantling

processes are shredded.

A converter producing high-quality steel requires scrap

with a low copper content, and it is recommended that parts

containing aluminum are removed so that less GHGs are

emitted than when the shredding method is used. More

effort will, therefore, be required to decrease the copper

and aluminum contents of scrap if the demand for scrap

with low copper and aluminum contents for use in con-

verters increases. The parts that contain copper and alu-

minum and that remain in an ELV are either of little

economic value or are difficult to remove. The profit

margin is smaller using the whole recycling option than

using the conventional option [20]. Therefore, it is neces-

sary that automobiles are better designed for being disas-

sembled and that the operational efficiencies of recycling

companies are improved. Offering incentives to automobile

manufacturers to better design automobiles for disassembly

and to recyclers to remove more parts may lead to the

wider use of the whole recycling method. An existing

example of such an incentive is that Toyotsu Recycle

Corporation pays higher treatment fees to recyclers that can

provide pressed ELVs with low copper contents than to

those that cannot [19].

Conclusions

Emissions of GHGs when recycling an ELV in different

ways were quantified taking into account the different

materials in the ELV when dismantled in different ways.

Recycling a pressed ELV in a converter (which requires

more extensive removal of parts than do other methods)

was found to cause GHG emissions approximately 320 kg-

CO2e lower than caused by conventional recycling (in

which only major parts are removed and an electric furnace

is used). Approximately 120 kg-CO2e less GHGs was

found to be emitted when recycling in a converter than

when using the shredding method. However, the GHG

emissions were found to be dependent on a number of

conditions, including whether the converter is equipped

with a LDG recovery facility and the amount of parts
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removed for reuse. Increasing the proportion of parts

recycled was found to decrease the amount of GHGs

emitted because non-ferrous metals and glass in a pressed

ELV will negatively affect the heat efficiency of an electric

furnace or converter and form inert pellets. It is hoped that

incentives can be developed to improve scrap metal quality

by encouraging automobile manufacturers to design auto-

mobiles for disassembly and recyclers to remove more

parts than currently.
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