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Summary

In his policy speech at the 203rd session of the Diet, Prime Minister Suga announced
his intention to become carbon neutral (hereinafter referred to as the "CN") by 2050. In
response to this declaration, the "Green Growth Strategy for Carbon Neutrality by 2050"
formulated in December 2020 calls for the automobile and storage battery industries to
achieve carbon neutrality over the entire life cycle of automobiles by 2050 through the
promotion of electrification and changes in the way automobiles are used. The goal is to
achieve this goal. As for resource-recycling-related industries, they are also expected to
reduce their overall greenhouse gas emissions to zero by 2050.

In January 2021, Prime Minister Suga also declared in his policy speech at the 204th
session of the Diet that the government would achieve 100% electric vehicles in new
car sales by 2035. In August 2021, the Ministry of the Environment released a draft
medium- to long-term scenario toward virtually zero greenhouse gas emissions in the
waste and resource circulation sector by 2050.

More than 15 years have passed since the Act on Recycling of End-of-Life
Automobiles came into effect, and the Automobile Recycling Working Group of the
Waste Management and Recycling Subcommittee of the Industrial Technology
Subcommittee of the Industrial Structure Council and the Joint Meeting of the
Automobile Recycling Expert Committee of the Recycling Society Section of the Central
Environmental Council have been discussing the details.

These changes in the situation may have a significant impact on the future of
automobile recycling, and the Joint Meeting has indicated that it is necessary to grasp
these trends and consider future measures. The purpose of this report was to conduct a
survey and study on the measures to be taken in the automotive recycling field toward
achieving carbon neutrality by 2050.In this report, we investigated the previous studies
related to life cycle assessments of an end-of-life vehicle (hereinafter referred to as the
“ELV") and the present amounts of greenhouse gases emitted recycling in the ELV in
Japan. Also, we interviewed experts and industry groups related to the automobile
recycling to identify current and future measures to reduce greenhouse gas emissions
from automotive recycling.
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1. Ba8EBEVYBAIIICEITBDBEENRHAPHEEDHE
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DIVCERBDIREORENRORGFEEZEE L. BEIRDAFFLEDEE(CHIEOTE, #
1K - RS TR SN 280 - EMEFZSOBEBEUT A JILEREMRE L.
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1.1 FITXHORAE

1.1.1 BEEDS A IH VIICHIFZEBEY YA VILDAIED T DEE

BEEDSA IJHAI)UCSIFIEBEY H1I)LOMAB DT EEIES B1=5H(C. IEA Global
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1 GLOBAL, E. V. Outlook 2020. International Energy Agency (IEA), 2020.
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j&% 1'1 (:%g_o

x 1-1 AVUZERUVEBIBEBEDS A IYATILTEIAAS MCAVWEERMS

JOtX HYYUE (hElE) BELREEIE (hAlE)
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UMD S5, #8172 - 09 - U A 2ILICHNTHASN TS GREET E5/LOHIED
F—INR—R(CBBENTZBRIUTDOES D THD. GREET EF/LEF. KETILT > XET
MR BERE L. R—AR—Z ETARUTWRERNDS S 1L -3 >EFILTH S HENE
WSDOIRILFE—HBEBETHLRHADFEEDS T2 L —> 3 >N FEET. 100 BEEU DK
RS/ (ZIWBEEESNTUVND, INSA=F—DELRPI X (EFELEFHFNTHD. REE
GREET2020 W"AK S TL\D. GREET EFILTERERERS A THA IILT7EIA> M LTF.

[LCA] &WL\S.) DA A—>%M 1-3 (CR9°. GREET EFI/LTIE. Well to Pump (GREET1
Series) & Vehicle Cycle (GREET2 Series) M _-D® LCA WNEHBIEETEH D,

GREET® Model

The Greenhouse gases, Regulated Emissions, and Energy use in Technologies Model

VEHICLE CYCLE
(GREET 2 Series)

The GREET model is a one-of-a-kind analytical tool that simulates the
energy use and emissions output of various vehicle and fuel combinations. #
Sponsored by the U.S. Department of Energy’'s (DOE) Office of Energy
Efficiency and Renewable Energy. GREET offers two free platforms to use:
the GREET.net model and the GREET Excel model.

R..

To get a complete picture of the energy and environmental impacts of a

technology, it is important to consider the full life cycle — from well to wheels

for fuels and from raw material mining to vehicle disposal for automobiles.
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1.1.2 BEEVU Y1) LCA EM(CEET D EiTHTE
BEEUY A IILICEAT B LCARNORERRER 1-3(CRI BEESA IHA2)LDLCA
o7z, 7272 L. Dillman et al. (2020)* DR (CHENT. BEIES A TH-1)L0D LCA ZiHH
L. WDERFEEIE (End of Life vehicle : EOL (#UY-127)L)) @ LCA &5l U=sm>3Ih e

Hancuiz,.

x 1-3 BBEUYAUILOFEITHRITICH TS LCA FHIRIEH DR

Study & Year LCA Method Materials Manuf-Acturing Shipping Use Phase Mainte-Nance Battery Replacement EOL  Lifetime (km)

Gao et al. (2012) [17] Process X X X X x X 256,000
Ma et al. (2012) [15] Process X X X X X X 180,000
Szezechowicz et al. (2012) [19] Process X X X X X 150,000

Bartolozzi et al. (2013) [20] Process X X X X x X LT not disclosed
Hawkins et al. (2013) [16] Process X X X X X X 150,000
Sharma et al. (2013) [21] Process X X X X 150,000
Chatzikomis et al. (2014) [22] Process X X X 150,000
Messagie et al. (2014) [23] Process X X X x X X 230,500

§ o Vehicle: 240,000

Bauer et al. (2015) [24] Process X X X X X Battery: 150,000
Girardi et al. (2015) [25] Process X X X x X 150,000
Onat et al. (2015) [26] Hybrid X X X X 240,000
Tagliaferri at al. (2016) [27] Process X X X X 150,000
Burchart-Korol et al. (2018) [28] Process X X X X x X 150,000
Gawron et al. (2018) [29] Process X X X X 257,495
Wu et al. (2018) [30] Process X X X x 150,000
Bekel et al. (2019) [31] Process X X X x X 150,000
Kawamoto et al. (2019) [13] Process X X X x X X 200,000
Lietal. (2019) [32] Hybrid X X X X X 260,000

Xiong et al. (2019) [33] Process X X X X x X 160,000; 120,000

HPT) DILLMAN, Kevin Joseph, et al. Review and meta-analysis of EVs: Embodied emissions and environmental
breakeven. Sustainability, 2020, 12.22: 9390.

£ 1-30ENDDE, BFEVUPSA U Z2E3H CRENRDABHEZHE UIEETRREL
T. Tagliaferri et al.(2016)°MiHX(C DT, HIEEREBEADREEUT(CRT,

WX Tld. BEEVUDAIILOBRENRARLEDETE(C. RERBOUYAJ)LZ2E
BU. DX LD BEFEHICHNTL TUL\D, LCABEEDTZSHD LCA FeUMLTY EXPEDESRFERTE (S

TOESDTHD.
(LCA DERTESAT]
o J\wFU—DIBRERODRIDIEIBEFE2E HYICE /ATy RE(ES 30%)
D 4 B

® Ecoinvent 5 —AIR—XXZFIAL. Gabi7 ZAL\T LCA D (CCTIFTRERRSIRHE
HE(CER) =X

® BSNJEIC CML*DREFZHE L CTIEME UIclEZ LhER
*AS A THREESNZ, WEBEES 1 JU1 ) VIREREEHEF ED—D

® HEREEEfI(L. 1km EATHZDD CO2-eq BHEE (FEEITEER#(E 155 km EEREL. F
N TDERE(CARZMS 7= E)

4 DILLMAN, Kevin Joseph, et al. Review and meta-analysis of EVs: Embodied emissions and environmental breakeven. Sustainability,
2020, 12.22: 9390.

5 TAGLIAFERRI, Carla, et al. Life cycle assessment of future electric and hybrid vehicles: A cradle-to-grave systems engineering
approach. Chemical Engineering Research and Design, 2016, 112: 298-309.

5



(S5 BB DFR TSR]

o ERE/\wFU—DILEFED LCA Z 5T
AYVUEEBREBEEGC. BENS (M- 80 - ZILZZDA] HEUENDEE
BrEEEE \yvFU—m5 [Zyd)L- D)ULS - >2H> ] AEIRENS E L. [EUY
R BRIER (S5 TE

o NNwFU—NmSEETDIASIE. BINENMRNEHER LR
B{AD 100%7 EU ATUB 1 U)LaNB%E (High recycling rate scenario) & 43%
(& EU AMCERH SHUBHII THNDHE (Low recycling rate scenario) Zi%iE ULEER

NEDFREFRTZAVWTCEEULERZR 1-4 RUE 1-5 ([CRT.
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o EZFED GWP (&, BfEC & (CHEEIRMEVER SN0
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GWP W total
0.2 -
& 0.15 B Manufacturing
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g 0.05 - —
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-0.05

EVI EVII ICEV HEV
(30%) M Disposal phase

1-4 BE}EDOSA ITYA DILEKICHITDUDERBEDRERNRII A HE

HPAT) TAGLIAFERRI, Carla, et al. Life cycle assessment of future electric and hybrid vehicles: A cradle-to-grave
systems engineering approach. Chemical Engineering Research and Design, 2016, 112: 298-309.

(= ABIDLEE]
SFUADEN (DTFEDEN) (F. GWP DB (CAS R EE RIF TR0

o UNEPECHITDIERBEEED GWP (F, BRI D/\vFU—(CLO>TIE AYYUZEX
DEHEWMEX (F(FFRFDEZRT



GWP

kg CO2 eq.

EVI EVIl ICEV HEV
(30%)

m High recycling rate scenario
M Low recycling rate scenario

1-5 EEMRHR (GWP) HEHEEDFJARILE

HiFT) TAGLIAFERRI, Carla, et al. Life cycle assessment of future electric and hybrid vehicles: A cradle-to-grave
systems engineering approach. Chemical Engineering Research and Design, 2016, 112: 298-309.
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1.1.3 BEEVYSAIIICHFBIITUTILIO—(CET B 5EITHE

BEEUYAJILICHITDREDNRIAFLEDEE (CESN T, BEEIRDAN NS
BIROEHENVHIHFEERZIASMNCITDITENEE THD. FC. EIREDFHERVZED
Ak(d. BBEUY A OILICHEITBIIRILF—RIFEEMRD AP E SREZRI P
MRECEEFETD. > T. BHEUYAOILICHITDIYTUTILIO—DIERRUEBILE
BRENRORFLEDEE(CSVWCIFECEETH D, EANICIE. B 1-6 DXDIC, BEEY
A OIDETRECHBITIDICHIFTDYTI7ILIO—DEEIEZITD CENMMETH D, KREFR
Tl 2HROYTUT7ILIO-DD5. FARU ASR MED—EDTEDHF YTV 7)ILTJ0O—%&
FHCEE U, TOMOTIEONYTYT7ILIO—DOFBEBILICHIZ > Tl EREAREFEADET
D> ORI TOMMRAERESE 217D CEMREICR D,

Ju
: ARAA Az
ERABEE (RSB FREEE) (FREEHT) ASRILIE
=M E=v] E2v EX1
i XX XX B XX XX i XX XX 0 XX XX
XX XX : XX XX : XX XX XX XX
XX XX B XX XX : XX XX . XX XX
EN{O =) &% - JEEK
E=7) E37]
LT XX XX L) XX XX
XX XX : XX XX
XX XX : XX XX

1-6 ¥FUILDO—-BEEIEDA X —=

BEEU YA IILDOITYU7IL I O—OEEBILICEF AR E LT, SITHRERAEURE
Ufz. BEIEUYAIILICHITDBEMNRAZPEHREICE - 3RS (UTF. TCN R4
EWS,) @S5, 2 B CN BHETRUE 3 DOBFICDNTRR—SUBDORS A RITR
T, HID°T(E. ASR UBA DILEITOIZIBA L REFIBEIT O HBAaDYTU 7))L I O—H'EE
SNTWV3, F2. Q' TIE. 2003 FEDOAS A ICHIFZEAFEEE 1 AMETITENDE
TOIFTUTZILIO-ZRUTNS. BB, ASR IBEITSIHE ~LEFIAZIT IR DMK
FDEPmEIUNEDIENZERL TULD,

6 1K 5(2014). ERBHBEENSESNDIHAISY TOBESY)ERE. $k &4, 100(6), 778-787

7 CASTRO, Maria BG; REMMERSWAAL, Johannes AM; REUTER, Markus A. Life cycIe impact assessment of the average passenger
vehicle in the Netherlands. The International Journal of Life Cycle Assessment, 2003, 8.5: 297-304.

B=F URIVUY—FRIAHILT s > I%RAa (2014) [ Frk 26 FE RzRE 3 RE - S RTAESEE (BH
BUYADILCH T DRMEETFMEDORR - ERFAMERDOR LICEY D - T OTCADERIHMEEE) RES
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BEED AN F)7IL2a—-0FD

® 1. ASRUTI2ILDIZEOYTI7ILTIO—

o FRBEFEIGNASRUTAIILEINEZEONYTIU7IVIO— %, dff1 Z2&IC/ER U,

o RBRDDARIE HFFTDRRMDEZIC. EFF2DCOHHAEERU TEHLUL TS 28,
RFEDDARIE FFEIRIF-EECO2DHAZERLTD,

1,190kg[100%]
(524.3kg-CO2)

A

771kg(65%)
(373.8kg-CO032)

223kg(29%)
(373.8kg-CO2)

EEIED

RZEDDAR
§ifE :259.5kg-CO>
'L 96.5kg-CO;
@i 128.1kg-CO2
1)b: 40.2kg-CO>

RAK

419kg(35%)
(150.5kg-CO2)

[E1LX

KEDDAR
B :© 21.3kg-CO:
'L @ 56.0kg-CO>
@i : 35.7kg-CO:
1Jb: 37.5kg-CO>

223kg(100%)
(373.8kg-CO2)

ASR

BB

548kg(71%)
(0kg-CO2)

[E]4X

AW

&KE=RDDAER
e 1238.5kg-CO2
: 40.6kg-CO2
i : 92.2kg-CO:
ML 2.6kg-CO2

HA D WRS (WRER, MAE—R, P5H—, RMTH, & ARE—. (2014). RAFHFABHENSKONDIHIAISYTORSYERE. %M, 100(6), 778-787.)
i 2) B R EAEIREM R BAEBENRARNANVRIHREE(2021)




BEEV 2D F)7IL2a0—-0/D

o 2. REMFIADGZIEND~NYTUZIVTIO—
o FRFEIFEIANEHIBAINLBEOYTIUZI JO0—%, M1 ZEIC/ERLTZ.
o RBEDDWERIZ. EFFTDBRMDEZIC,. EFF2DOCO2HERBEZRUTELLTLD, B,

RFEDDRNERIE FFIXRINF—EIRCO2DHZETRLTWVD,

1,190kg[100%]
(524.3kg-CO2)

EFRE

706kg(59%)
(371.2kg-CO2)

EEIED

KEDDAER
{fg :259.5kg-CO2
'L 96.5kg-CO>
@it 128.1kg-CO>
1)L 40.2kg-CO>»

706kg(100%)
(371.2kg-CO2)

el

RN

484kg(41%)
(153.1kg-CO2)

[E]4R

REDDRR
G : 21.3kg-CO:
T/ : 56.0kg-CO2
@it :© 35.7kg-CO:
1) 40.2kg-CO>

I F

KEDDAR
g :238.5kg-CO>
'L @ 40.6kg-CO>
@ - 92.2kg-CO:
1. 0kg-CO>

HATDWRS (WARZER, MAE—R, F5H—, BRMTH, & ARE—. (2014). RAFABBHENSTONDIHIAIVSYTORSYMERE. %M, 100(6), 778-787.)

R 2) B AFEANEREM A BARBEIRARN ANV HREE(2021)
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e AS VS DERZFHBENDYTUZIVOO—

e 2003FDASVYICHITB ERABFEHEIENEDITESNDSEITOVTUZIIO-2&. &
Fr1ZE&IC/ER LTz,

880kg(100%) 638kg(72.5%)
ERF ,_., " ASR
S EhEs fRAK A ()

112kg(18%) 112kg(100%)

242kg(27.5%) 526kg(82%)

[E]4X

itk : 137kg
RNE&m* : 105kg

*ZASVFTUHAIIIVHEMNIC
EHSNTVWSEm

H A1) Castro, M. B., Remmerswaal, J. A., & Reuter, M. A. (2003). Life cycle impact assessment of the average passenger vehicle in the Netherlands. The International Journal of Life Cycle Assessment, 8(5), 297-
304.
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1. ASRUEBIC[OZIHE 2. 28 FIAICEBIGEE
1,214kg(100%) 573kg(47%) 1,173kg(100%) 591kg(50%)
ERF 7; EED=1 n
= Bhes FRAK . AR K
641kg(53%) 582kg/(50%)
=T [E]YX

BT ZZUFIVY —F AV T VI HRRE(2014) I ER6FE KRFREIREA; - VR T LKIESEX(BEE) T OIICHIT SRMEEFKMEDOER. ERFAZIEDRLICET KR 70
TRDRIMLER) IHEE
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1.2.2 BEIEVSAIIDI AT LRR (REHAE)
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NHE(CIRD,
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BN 1 LI R D IRE R A R BHHEE [tCO,-eq/E(2EIE)]
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A B B 0.02% (8495) ~3%
n—>51—C) BEE 3.52% (15.4H8) 5~10%
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