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W $2021 (deflated using the Consumer Price Index for the US) 1861-1944 US average.

B $ money of the day 1945-1983 Arabian Light posted at Ras Tanura. 1 000 B bbl N 37ﬂ£ﬁ

1984-2021 Brent dated.
$2021 (deflated using the Consumer Price Index for the US).
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88 : BP statical review of World Energy 2022 {88 : IEA World Energy Outlook 2008

SFUARHICEDIKURTEARF I« DRI DML LB OHEE




L]

PETODHE

> AZ ke
> MRATCTOAIEESBRIE
> ekl 15828

lia)
=)

XEBER[EIETAA—

B EREREDEHNTE D TUVZEHLDEE




R (J\ND2/25 - J\X¥D TCTULBRE

28« 7 ” A
L RV 3 "/\U?j s XA—)\—>1xwH— - A28

Lt
—

v

S (FE7EFE. 3BLO)
BARE:Z (8HF) . F (Z8) . BHE #(EH). 8RR (LB) &

BE : AR (E)  OFE (ZEE) - amd ([@iIE) . Z8+ (Jj a) F
XORG13HE | BIRR. SURE-RER. OFE-RR(RE, &5, B5). SAT-EATE. FL-E51

H==

v BFEVUD ax)

tUH(FE) . KPe1, AE86. JZA80. EP71 (Fda) . HOd>. /7. SXE10. WISH. JUDRa. EO >

VTV —/\ (54)

IJ7AFINIT 72T — - CILY DIGERE

vVOFv > - HER)H @815E)
FEERITHLU. BEORMmsH

v (2585 @m)



SXE10 (FILFw\W77) BUSERR ’

CFRPAR>Zw + 7 _t— (R TRD
(BB HKS) (D — o > 5 —2 FI=/1= (FR/RR) EEAGINIDYF - BEISAhA—IL

TRD Fr/\>){—

HraE
IHFIY—IRIZITA—ILR GALT+RA—I A SF TV OHLINS C-ring=8&3f RRFTR—E —
TSVYMRIECE 215/45R17=>225/35R18
RILIL— 2 IRAYS




SIRDSEEN 1o

TUDRa(20144FH) RE22~25km/L EO X/ (2024FHR) MRE17~18km/L
BDER  EA L DDZ(ZA) E2HE =IMFRATSA (BE)

AR BT T5 BEBES>HELYE (RE) M)+ > Ti5 (KREF)




H

KEDH VY E - EVEIMSLEE 11

BAf] 1 US$
F5U— AYYUSE EV flitg2=
=@n7IY LES : TIGME  TE : ERIER LES : TI9ME  TE : EIER) w/ofiBhE
22627 31895
Subcompact : - 9268
Nissan Versa Mini EV
28990 40917
Subcompact SUV : 12027
Honda HR-V Hyundai Kona
26301 34538
Compact : 8237
Toyota Corolla Nissan Leaf
35722 53048
Compact SUV 17326
Toyota RAV4 Ford Mustang Mach-E
C 32035 49554
Midsize 17519
Toyota Camry Tesla Model 3
. 48916 72046
Midsize SUV 23130
Ford Explorer Tesla Model Y
49988 72240
Large 22252
Toyota Crown Tesla Model S
78774 101145
Large SUV 22371
Ford Expedition Tesla Model X
64784 76475
Large Truck 11691
Ford F150 Ford F150 Lightning

H 8l https://www.edmunds.com/car-buying/average-price-electric-car-vs-gas-car.html#:~:text=The%20category's%20average%20ICE%20model,average%20EV%20price%200f%20%2453%2C048.
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-50
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United States China India

300, B Fuel/electricity production M Maintenance B Vehicle manufacture

W Fuel consumption Battery manufacture
I Current policies vs Paris Agreement-compatible electricity mix
250| '

200 |
150
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Life-cycle GHG emissions (g CO, _ /km)
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2021 cars 2030 cars 2021 cars 2030 cars 2021 cars 2030 cars 2021 cars 2030 cars
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ICCT : International Council on Clean Transportation Europe
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NMC11-graphite

NMC622-graphite 54 57 69 64 68
NMC8I11-graphite 53 55 68 63 67
NCA-graphite 57 59 72 67 70

LFP-graphite 34-39 37-42 51-56 46-50 50-55

(UETE =S

GREETEFILEE (FTith)
E5lf : 184F
SEITIER |

19.875km (NEY) ~27Fkm (SUV)

ICCT White paper 2021/A GLOBAL COMPARISON OF THE LIFE-CYCLE GREENHOUSE GAS EMISSIONS OF COMBUSTION ENGINE AND ELECTRIC PASSENGER CARS
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LCASTfi (CO2) ffil (IEA)

t CO,eq | Variability relative to
vehicle size

30 fhETIRSAF

“h . EhESLCA : 100kg CO2/KWh
20 «  GREETEFILHE (FTith)

- o IRTFEITIEEE : 20Akm (GEE)
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0

BEV 40 BEV 80 ICE FCEV

@Vehicle cycle - components and fluids

BVehicle cycle - assembly, disposal and recycling

BVehicle cycle - batteries (65 kg CO,-eq/kWh)

BWell-to-tank fuel cycle

OTank-to-wheel fuel cycle

DOAdditional emissions with 100 kg CO,-eq/kWh battery manufacturing

H B8 : IEA Global EV Outlook 2022
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KIT : Karlsruhe Institute of Technology ( R-1\YDKZ)

Global Warming Potential (kgCO2/Wh)

/\ B-Umodeling approach [J 7-D modeling approach » Approach unclear / mixture
X o013 o EAEEMLCA 130kgCO2/kWh X Average industrial
0.12 Philippot et al. (2019) high -NCA-
0.12 Sun et al. (2020) -NMC622-
= 0.10 Northvolt (Chordia et al., 2021) -NMC811-
E 0.09 Shu et al.(2021) -NMC111-
= 0.11 Crenna etal. (2021) -NMC111-
£ 0.17 Dai et al. (2019) -NMC111-
1K b 0.17 Ellingsen et al. (2014) -NMC-
% S 0.14 Kim et al. (2016) -NMC-
o E
H E X 0.48 X Average pilot
0.18 Case study (Scale-up-EU) -NMC111-
0.21 Case study (Scale-up-DE) -NMC111-
A 104 A von Drachenfels et al. (2021)** -NMC622-
A 1.01 A Case study (Baseline-EU) -NMC111-

A 131 A Case study (Baseline-DE) -NMC111-

*» original data refer 1o cell, battery pack modeled
using same approach as for KIT 20 battery pack

06 08 10 12
ing potentialin kg CO2-eq. per Wh battery pack energy

75> hTDERIkg-CO2/Wh
Hi# : Closing gaps in LCA of lithium-ion batteries: LCA of lab-scale cell production with new primary data Journal of Cleaner Production 384 (2023) 135510

TRZTHES (C K DB FE Rk E
CO2Hkt : EFILAIR <ETS> b7 —45. REETOHE
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Total GWP vs. Nickel Sulfate Source - LIB (NMC-811 Cathode)

kg-CO2/kWh
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Pig Iron HPAL Sulfide Baseline Bioleaching

Nickel Sulfate Source

HH8 : https://te-cdn.ams3.cdn.digitaloceanspaces.com/files/2022_07_LCA_research_by_Minviro.pdf
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AATOHLCASTE (CO2) DHTIREM L

LCASE (CER UTZERfE DT
| syy~s | HEV___ | PHEV | ___EV____|

BHiE Hha—3 ADRYS AR Bz4X
SL—F (ERE G (1.50) U (1.8L) Z (2.00) i
J-WLTC #4% km/L 19.4 326 26 —
BART—45 = J-WLTC B2 km/kWh — — 7.46 7.81
BHAE kWh 0 (IiilH) 1(555 7&3’
EVL > km — — 87 559
EVETEIS % — - 80 100

HE ;. BEEX—H—WEBY - NRUNETSESE
HAVERFHEOSEE - FRELCASTHmA!

—a HRAERE t-CO2/H 4.28 5.33 5.11
IEAT—% ==
BEHL t-CO2/ & 0.98 0.86 0.83 0.75
it #ldE -CO2/kWh 0.1 0.1 0.1 -
HE88 : IEA Global EV Outlook 2020(Eh 5 5eEL o 1= 31iE)
EARFDO I LF—HRCO2FIE
77 2 S T
AT —4 Tank to Wheel (TtW) 2.29 kgCO2/L *1 0.444 kgCO2/kWh *2
Well to Tank (WtT) 0.382 kgCO2/L *3 0.022 kgCO2/kWh *4

HHl: %1 https://ghg-santeikohyo.env.go.jp/files/study/2022/stdy 20221216 12.pdf
¥ 2 https://www.fepc.or.jp/library/pamphlet/pdf/21 environment.pdf

3 3 IEA Global EV Outlook 2020 ([XI2* 5§ E - 7 WtT & TtW CO2 El ¢4 & #a5)
¥4 EBEoRHDH, 20104 HAFEY4.8%




AATOLCA (CO2) Stefssfp) 1

HITE : E1TIERE 150km /S, BEESEEHD - EithdSan 156, #EEITIER 1577km
PHEVODEV/HEVEITEIS (FEREERM

-CO2/# -CO2/#
30 25
25
20
20
15
15
i . ) e — .
[ ]
5 e 5 —
0
- HEV PHEV EV 0
YU VE HEV 32.6 HEV 28 HEV 25 EV
BAHREE mEDELE mEHENIE o ETWET) mET(TtW) HARE mEnilE mEEAE - ETWT)  mETTW)
1577 :EAT IR © LCAFTifi 5] HEVIAZ D LCA CO2~0D F54E

&5E) {FLEVOEMIRE

K34 - R4 8Forl6 Hkm/BE70%
BEE : 8Forl6 Fkm/BE29t74

=% : 8Forl6/5km/BFE£66%

AR CLCADIER (FEN D, EITIERMORUVBATEEREEN/ N MEDRVPHEV/HEVA'CO1{ERKICEBND
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*EVEER, HEVEER., RSta#l. MEBIR (2025/2030/20354F)

HERSAE (5A) BARIRZKE2.0 SRAAEHE BiF mRERELH (ha) HRARIREE?2.0 SRAFEFBE B

4000 45000
3500 40000
2000 35000
5500 30000
2000 =IE #2000
00 HYUSE 20000
15000
1000 10000
500 5000
0 0

2005 2010 2015 2020 2025 2030 2035 2040 2020 2025 2030 2035 2040
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B HERGBRRE G-CO2/KWh

o N N 1000 =ENEY b
SIRHRANEV H BIEE — E B HE R TR s B NEV T AtiRSR
NEVAEIZA T CO2RN ERER 500
G 7
STEPS O2010 2020 2030 2040 SDS
I (TETE < Y N Eh B & 5 RYBEOUERBEIES 2 TEN
BB HHEFGRE . IEA WEO2020 STEPStSS B HEREREE . IEA WEO2020 SDSHE=
WAHZEHRE : BRZE2.0 WAHZEHEE: LLIREE2.08=E33%
8.0
70 it
6.0
>0 it
4.0
EV
3.0
2.0 75 Y PHEV
(E1TES) .
1.0 PRHEE
P P
0.0 vy X v
2020 2025 2030 2035 2040 2020 2025 2030 2035 2040

LCASTE DRI \ Bl BEFHSHSESERARIEE. IEA EV Outlook 2020, WEO2020i+E
B - REICO2(IIEAT —S{ER, EITIER15km/4E. BEip154
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& A A ¢ oK & “ K “ i
%ﬁﬁ& %gé Qg% §> igﬁp é? @ﬁg& §§ igﬁp égﬁg} @g%b ﬁf} §§ igip 6? §$§§ 3 e@ﬁp
t 1 } # t 1 }
SEiE HE/REE/BREEE BBz HE/(REE/BEETE
EITIERE WEITIERE

KR ETHRESHAGRSERARIREE. IEA EV Outlook 2020, WEO2020i+&
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L Ijjj—fﬁkifﬂ N IS
i : 1000b/d H KA
Sl / A 20204 )\ 20304
1900 ‘ pame ) pEme
1000 — : 1000 \
1
800 - — ! 800
i o —
600 | 600
1
400 : 400 —
1
200 X 200
1
0 : 0
2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023
o K
4000 10000
3000 —_— 8000
6000
2000
4000
1000 2000
0 0
2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023

88 https://www.eia.gov/international/overview/world
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- - WHREFE ; 20234 (CFHE L =ETE
TS ISR T T ISV g ETRILE— S (FFEORDH ?)

ERAGE ENERGY GREENHOUSE
MAKE & MODEL L | OVERALLRATING | 2:0“ 1| cLEANAIR S erency ENGINE

OWM ORA 03 (Funky Cat) ooBolalo NS 10.0/0  9.5/10 9.8/10 E

ME2 63 KWH ELECTRIC.. Sep 2023

Tesia Model 5 EEEE o9 10.0/0 9.4/ 9.7/10 E

DUAL MOTOR ELECTRIC.. Nov 2023

BYDATTO3 iolelalal 97+ 10.0/10 9.5/10 9.7/10 =)

M2F1C 60 KWH ELECTRIC.. Sep 2023

VW ID.5 L e & & & ¢

PRO PERFORMANCE s 96% 10.0/10 9.4/10 9.6/10 @

ELECTRIC.. EV

. . * % %k K

Nissan Ariya i i X

G b e iy 96 10.0/10 9.3/10 9.5/10 @
* Kk ok &

MG5

St R ey @ e 95+ 10.0/10 9.2/10 9.5/10 Ié]
* &k ok &

XPENG G9 X ; i 9.4

E1L ELECTRIC... Dec 2023 95% 10.0/% 9.2/ o @

Renault Kangoo Pataiate 90% 10.0/10 8.5/10 8.7/10 E

E-TECH EV45 ELECTRIC.. Nov 2023

Opel/Vauxhall Mokka ool 57% 6.5/10 5.8/10 4.8/10 1)

1.5.. Feb 2023

BMW 2 Series Coupé Lt 554 7.6/10 5.2/10 3.5/10 L

220D.. Jun 2023

H8 : https://www.greenncap.com/assessments/
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LCA

U —2I1IRBEEE &L ? ACEEEDFHM

- XZREFE : K[E2024MY
- FHMIN SR - EmENG. EIT HFRBHR+ 51 VERS) « MRIRE -

BljFdnl2omile (19.275km). B EERE (GFHAA)

Rank Make & Model Powertrain g::::
1 Toyota Prius Prime SE PHEV 71
2 Lexus RZ 300e EV 67
3 Mini Cooper SE EV 67
4 Nissan Leaf EV 66
5 Toyota bZ4X EV 66
6  Toyota RAV4 Prime PHEV 64
7  Hyundai Elantra Blue Gas Hybrid 64
8  Hyundai Kona Electric EV 63
9  Toyota Camry LE Gas Hybrid 63
10 Kia EV6 EV 63
11 Toyota Corolla Gas Hybrid 62
12 Hyundai lonig 5 EV 62

MSRP

$32,975
$55,150
$30,900
$28,140
$43,070
$43,690
$26,250
$34,050
$28,855
$43,975
$23,500
$41,650

26

ACEEE:American Council for an Energy-Efficient Economy

HIEICHDBRNE - CO2

Estimated Annual

Fuel Cost*
$529
$651
$747
$741
$689
$741
$864
$695
$907
$689
$944
$737

*ACEEE analysis using EIA data of annual cost—from gasoline, electricity, or a combination—of

driving 15,000 miles

https://www.aceee.org/greener-cars

U= RECELY) OER. FHMliISRAFODEHDT* = PMPEUNEE
REERIET SABHEIU—2?

(*) NOx/PM vs CO2 ENKRSL\D(E?
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