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Transport: 80% lower emissions by 2050

7'7T B BRASREREHIFELS ° CLIA > S BRSO IE R AP R e CLLY B3 R
%?TZOSOE A2 Bk Ac i HE R Global transport sector GHG emissions in 1.5 ° C scenario

A 80% o

10

To limit global warming to 1.5 ° C,
GHG emissions of global transport in L
2050 need to be 80% lower. ) Py
tE - 80%
TEAR FH 4B AW IS LT > £5s,
SRR MR RO IR 2 D85
Which technologies can deliver this J?% 28 . e
deep reduction in the passenger cars 235
fleet despite a growing number of s ° i
vehicles? ‘ .
(;010 2020 2030 2040 2050 2060 2070 2080 2090 2102(;;th percentie
I CCt 20504E 555 + i 4o T B R AR )

o e Vision 2050: A strategy to decarbonize the global transport sector by mid—cenAfury.
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Scope: Life-cycle GHG emissions

o Ay ES AR / Life-cycle GHG emissions:
—4AbiR ~ Bt~ —4% b =% / CO,, methane (CH,), nitrous oxide (N,O)

- ZAFHW] / Vehicle cycle:
LA B (FI4EJERPRL) / Vehicle and battery production (incl. raw material)
44 / Maintenance
{8 FHdn Al / End-of-life, recycling

o PRBHEEI CEPE - R R / Fuel cycle (well-to-wheel):
WRBIFNE 14272/ Fuel and electricity production
J 421 #2454V / Indirect land use change (ILUC)
Wk / Fuel combustion in vehicle
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Methodology
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Lifetime average electricity mix

AR R by BIITCE IR G

YR/ Vehicle lifetime average Life-cycle GHG emissions of electricity consumption
1000

carbon intensity of the fuel and _ — India STEPS
electricity mixes: Mix for 2021 cars <«e+ India SDS
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EjjjiE SDS
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RN 2 S 2 sessiCHi thiE SDS
WAL *ﬁﬂ]dﬁq@ PR 8 E/'J?Jﬁ/ﬂ;ﬁﬁ ES 68 —_ 8:;?:d5|53tztes STEPS 3 sTEPS
{t./Projected change of electricity 1 : »+++ United States SDS i sos
) . ®O | ” — European Union STEPS k! STEPS
mix and biofuel shares ueﬁ% % ool «ees European Union SDS K SDS
o ¥ HBIER /Based on current g E T,
policies g
. £ 9 200"
¢ GEAE SR AL Pe
Compared to Paris Agreement- Zo
aligned development & § 200
#H =
(0]
o 2020 2025 2030 2035 2040 2045 2050
icct BRI - Bicker (2021). PRRYVAIHIH T 4 A MRV U 5 B RCE BBRXT
THE INTERNATIONAL COUNCIL Source: A global comparison of the life-cycle GHG emissions of combustion engine 7

and electric passenger cars.
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Battery production
il / Battery production Battery production GHG emissions
o HHT DV EIARZ AR/ Most recent TSR/ TN 1

data on industial-soalo battory | PXEIMEAE m

NMC111-graphite

pI’OdUCtiOI’) NMC111-7; 5

NMC622-graphite 54 57 69 64 68
N Ry la ==l ey PR N NMC622

o HUIX AR PR TT I T S5 NMCETl-raphite 53 55 68 63 67

NMC811-f &
/Market average mix of regional NC/;—gE%g}e 57 59 72 67 70

. LFP-graphite 34-39 37-42 51-56 46-50 50-55
battery production LFP- £ %

HARRIR - Argonne[H 58 5286 ZHYGREETHIAY (20204E KR4 )
Based on Argonne National Laboratory's GREET Model (2020 version)
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Fuel/electricity consumption

3. BREMFIEE J11E#E / Fuel and electricity consumption:
o fEHSPPESENAZE T IE SRR iRA3 e E N HEED)

Average real-world usage instead of official test values, especially important for PHEVS.

4. HEERR0ELBRAN B H / 20-year global warming potential (GWP) of methane leakage:
o HLERT204E R LI #2100 AR 2 ERIZALIE S 3 4% -

Methane contributes 3 times more to global warming in the first 20 years than indicated
by the 100-year GWP.

© RIRBRIRTEIER R

For natural gas and for natural gas or coal hydrogen
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Key results

NNNNNNNNNNNNNNNNNNNNNNN
NNNNNNNNNNNNNNNNNNNNN



23K BT ERHEE K
Global: Battery EVs have lowest emissions

20214 J% 203048 J 1 H H B4 300 22 00 R 3l 4 7 2 i J) S0 ) i = AR R IORT b

R KRIUED G ez s S lis Life-cycle GHG emissions of medium-size gasoline cars and battery EVs registered in 2021 and in 2030

Bat_tery EVs have lowest - £ . .
emissions Europe United States China India
- 2021@@%B@$% / For 200 REL/ B J14E R M Fuel/electricity production W Maintenance 4t M Vehicle manufacture 7575 il
cars registered in 2021 R FE | B Fuel consumption I Battery manufacture Hijhfilif
— MATHUR vs 5 (EEZME) —FUR 1458 | I Current policies vs Paris Agreement-compatible electricity mix
- JUANHEX. / In all four o § S50 | MR
regions B ¥
s 9
Jﬁi = 200
© RKHEIERREEER & S
N AY { =
K 2 5 §
. . . o 150
The GHG emission benefit = E
. 5
increases for future BEVs. % o
=i S I
1o
5 3 I I
¢ 50
:5 —— — —
© ICEV BEV ICEV BEV ICEV BEV ICEV BEV ICEV BEV ICEV BEV ICEV BEV ICEV BEV
o 2021 cars 2030 cars 2021 cars 2030 cars 2021 cars 2030 cars 2021 cars 2030 cars
icc
THE INTERNATIONAL COUNCIL ;Fi%;'é% : Bieker (2021)' Wi%m%n %ﬂ%m $Eﬁ)ﬁ Eqiﬂgﬁ1¢ﬁkji%éiﬁﬁtt 1 1
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Source: A global comparison of the life-cycle GHG emissions of combustion engine and electric passenger cars.
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China: Cars registered in 2021, A segment

RIME - K AR LRI A o TR = AR HE R
Gasoline cars: highest Life-cycle GHG emissions of average A segment cars
emissions

300

FBE204E A BRIEAL IS 2 20-year GWP for methane
WAEL/ HLJ14EP* W Fuel/electricity production
WRELEFE . M Fuel consumption
4E47 W Maintenance
HETERE Hydrogen tank manufacture
LTE  m Battery manufacture
7 M Vehicle manufacture ¥XZEHili&
I Current policies vs Paris
Agreement-compatible electricity mix

LTS vs 5 (EEYE) —BRai

PHEV : /NIig J 3k
Plug-in EV's: small reduction

250

L 42 B4 A 42 8 v Rk
Battery EVs: lowest emissions,
already for cars registered today

200

150

HRORE LG - HER R TR T
T B SR AT AR m PR

Fuel cell EVs: emissions vary

100

Life-cycle GHG emissions (g CO, . /km)

EHBERESHHN (RZEUBRRE)

50
with hydrogen source, very high
for coal
Gasoline + Plug-in Battery EV, Battery EV, Fuelcell EV, FuelcellEV, Fuelcell EV,
biofuels hybrid EV 2021-2035 renewable coal natural gas renewable
o VAR PHEV gr@ mix electricity hydrogen hydrogen hydrogen
H3) %, LR KD PREHHIBZE  BRBFHIBZE BRI
I C C WAEMMALNY WA ggpE RATHE S
THE INTERNATIONAL COUNCIL ii?ﬁ;ﬁﬁ . Bieker (2021) ]j\] 'Jf%m%n %ﬁ]%m$ﬁ}:ﬁ)§] Eﬁﬁg%{iﬁkﬁiﬂg%ﬁxﬂ‘th 12
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Source: A global comparison of the life-cycle GHG emissions of combustion engine and electric passenger cars.
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China: Cars registered in 2021, SUV segment

O SUVAF-49/£ i A0 % A

Gasoline cars: highest emissions Life-cycle GHG emissions of average SUV segment cars

300

: = FA 52 204E 42 BRIE AL 34 4 20-year GWP for methane
PHEV i /J\[IIEM%F . e . JRRE/HL 1A m Fuel/electricity production
PIUg-In EVs: small reduction @é 250 PRELEFE W Fuel consumption

8 447 W Maintenance
= > TS HEHi& M Hydrogen tank manufacture
EEZjJ$ : }y_lb/_‘/\'fyiﬁﬁ $ﬂ EP:ﬂE'i'fgiﬁFﬁi 200 FIbE m Battery manufacture
Battery EVs: lowest emissions V M Vehicle manufacture 75 7-Hilli&
. ’ I Current policies vs Paris

already for cars registered today 150 Agreement-compatible electricity mix

HRTECR vs 5 ER e Sl 45H
OB RLIBITAE © FPBUN S ORI
5o B SR A BRI

Fuel cell EVs: emissions vary

100

ERERE S (e Sk
Life-cycle GHG emissions (g CO,

50
with hydrogen source, very high
for coal "
Gasoline + Plug-in Battery EV, Battery EV, Fuel cell EV, Fuel cellEV, Fuel cell EV,
biofuels hybrid EV 2021-2035 renewable coal natural gas renewable
VARl PHEV grid mix electricity hydrogen hydrogen hydrogen
o LK L) 4 a8 NG MU S 9 G S S /v 1 SR L
I C C t 202120356 MG TR gimlE RRAEE 84
THE INTERNATIONAL COUNCIL ;Fi%;'é% : Bleker (2021)' W J:ﬁ}\im%ﬂ %ﬂ%m $H§ﬁ)ﬁ Eﬁ‘iﬂ%%,fzkﬁkﬁi%%}*ﬁtt 13
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Source: A global comparison of the life-cycle GHG emissions of combustion engine and electric passenger cars.
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China: Cars registered in 2030, A segment

TAMZE © 2021423 20 % Jih #6 AZRZESE- P4 A iy i SR = AR
Gasoline cars: 20% lower fuel Life-cycle GHG emissions of average A segment cars

consumption than 2021 cars -

FsE 204 4= ERBE AL )k 38 47 20-year GWP for methane
WL/ H Ay e W Fuel/electricity production
PRBI W Fuel consumption
44+ B Maintenance
fit S gt M Hydrogen tank manufacture
A& m Battery manufacture
73 i& M Vehicle manufacture
I Current policies vs Paris
Agreement-compatible
electricity mix

Hovs b5 (EEWE) —BUlR s

PHEV : Ziffi A4 20% > {0
IR TC 8 4

Plug-in EVs: 20% higher range,
but still no benefit

N
(o]
o

N
o
©

HIBNA - JRBARIG > 8T «B2
B> W TG B
Battery EVs: very low
emissions, even lower for
Paris Agreement electricity mix
scenario

100

EHEHRESHEN (RZESUHR/NE)
Life-cycle GHG emissions (g CO, , /km)
@

o

ul
o

Gasoline + Plug-in Battery EV, Battery EV, Fuelcell EV, FuelcellEV, FuelcellEV,
biofuels hybrid EV 2030-2044 renewable coal natural gas renewable
o R+ AR kL PHEV grid mix electricity hydrogen hydrogen hydrogen
CEEIEE HLE) 7 PRBLHILZE  BREIHIBE SRR b
2030-20444F 1, o) 445 1 AR R RIRAHIE B
THE INTERNATIONAL COUNCIL %&*E;Eﬁ . Bieker (2021) ]j\j ‘Jﬁimﬂzn %d];ﬁé)zﬁ ZEL—'ET:%J%J Eﬁiﬂ%%%’fl‘iﬁ'ﬁﬁiﬂq%f*xﬂ‘th 14
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Source: A global comparison of the life-cycle GHG emissions of combustion engine and electric passenger cars.
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China: Cars registered in 2030, SUV segment

ﬁ?ﬂa? : th2021¢ﬁ&\20%?mﬁ SUVEF%EE@%E@%%%%MKﬁFﬁ&

Gasoline cars: 20% lower fuel
consumption than 2021 cars 350

PHEV : i FE$ 1 20% > {H
AR TER 4

Plug-in EVs: 20% higher range,
but still no benefit

250

200

HZNA - PEBARAL - KT«
BPhEy i i H SR T
Battery EVs: very low
emissions, even lower for
Paris Agreement electricity mix

150

100

EHARRESAHN (RISEHB/AE)
Life-cycle GHG emissions (g Co, eq/km)

Life-cycle GHG emissions of average SUV segment cars

e 204F 4= BREE ALV 34 4 20-year GWP for methane
PREL/ H 71427 m Fuel/electricity production

3200 Z PRELE #£ B Fuel consumption

#:37 M Maintenance
fi S k)& M Hydrogen tank manufacture
iy fii& W Battery manufacture
R Hi& M Vehicle manufacture
7/ I Current policies vs Paris
Agreement-compatible
electricity mix

Fovs 5 (EEPE) — B )45

. 50
scenario
& Gasoline + Plug-in Battery EV, Battery EV, Fuel cell EV, Fuelcell EV, Fuelcell EV,

biofuels hybrid EV 2030-2044 renewable coal natural gas renewable

o e RS _grid mix electricity hydrogen hydrogen hydrogen
FHiEhy  RINHEIAE,  dmsiE, R RIS, BRI RS A, BRI E A,
203020444 INZEHY T3/ ) BEIE RS AT
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Source: A global comparison of the life-cycle GHG emissions of combustion engine and electric passenger cars.
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China: Cars registered in 2030, SUV segment

MR g OV TR IR R
Life-cycle GHG emissions of average SUV segment cars
ﬁzﬁgﬁggzﬂﬁ,‘] Eﬁfjj‘iéh$ﬂ:ﬂ 350 FH B 204F 2 BRIBE LT % 4 20-year GWP for methane
e o BB/ HL A2 72 M Fuel/electricity production
'}ﬁg*)l' EEY&Y%$E"]EE@)%E§ —~ ~ 300 7 PR 6 M Fuel consumption
?H £ 447 M Maintenance
iﬂ%%ffl’iﬁl{ﬁi%f& 80% § <5 fi S k)& M Hydrogen tank manufacture
¥ 4 250 ZEMIER bl Batt‘ery manufacture
« With renewable lfﬁli O ) A ZEHi& M Vehicle mar?L{facture .
. gy % " Rojeensicomes o
c 200
electricity/hydrogen = & electricity mix
£ 3 I vs b5 (3R HE) it i
battery EV's and fuel cell % E
(Y]
EVs have 80% lower life- 25
B S 100
cycle GHG emissions than b .
= 50

gasoline cars.

]

Gasoline + Plug-in Battery EV, Fuel cell EV, Fuelcell EV, [Fuelcell EV,
biofuels hybrid EV 2030-2044 renewable coal natural gas renewable
fo) e RS grid mix electricity hydrogen hydrogen hydrogen
FHivEhy  RIHIIE,  ANEESI, R R, BRI s A, R b E 4,
I C C 2030 2045 WK AL ) b RRABE ATRAEAA
THE INTERNATIONAL COUNCIL %&*EEE‘U/?: ' Bleker (2021)' W i%m%n %ﬁli:)zﬁ $§2ﬁ)§‘l Eﬁﬁ%%1¢ﬁkjiﬂgéijzxrj‘th 1 6
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Source: A global comparison of the life-cycle GHG emissions of combustion engine and electric passenger cars.
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Electricity, green hydrogen and e-fuels

DAL AU UG SRS ~ WL SR MR A 2R T R O

BYRZER3 LS
Driving on renewable hydrogen is three
times more energy intensive than driving

Energy demand of driving medium size cars with electricity,
renewable hydrogen, and e-fuels

battery EVs. . E-fuels synthesis ARk
Hydrogen compression & Uk
. pER A Sp M Electrolysi L
& B RHA AP B TR TE R 2 Bl F i 2 4 e e°| oo -
e - £ ue'/ele.ctr|C|ty cor_wsumphon in
EEIJLJJ{_M$H"J61D ° @ 5 vehicle (incl. charging losses)
Driving on e-fuels is six times more 4E 4 i%%ﬂ/f)uﬁ%ﬁ
energy intensive than driving battery & (BT AR
~ @©
EVs. % £
nﬁmﬁ o] 2
@ 3
A RURELE S HA R - MEDIE 3E 3 B8 15 i 2
Hféﬁ’}? ° & 1
E-fuels are too expensive and too limited
to contribute to the decarbonization of 5
road transport. Battery EV, Fuel cell EV, ICEV,

electricity hydrogen e-fuels

o EpES S SR R Sk
I C C H A 45 £ R

THE INTERNATIONAL COUNCIL BAERIR ¢ Bicker (2021). P RABLAT FLZN 6 FH 424 i o SR 2 AR RO A Bkox) Ee

ON CLEAN TRANSPORTATION
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Source: A global comparison of the life-cycle GHG emissions of combustion engine and electric passenger cars.
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Key messages

T ELE M40 > H a4 B B ) A i R = AR -
Already for cars registered today, battery EV's show lowest life-
cycle GHG emissions.

FUA BN AUk L I A T AR AT 2z I ek -

Only battery EV's and hydrogen fuel cell EVs have the potential to
be near zero-carbon, also on a life-cycle basis.

H RIEISA FRH AT AT B e e A2 - & NI e A
P IREH P RO AR > ok RIE AR -

There is no realistic pathway to decarbonize combustion engine
vehicles: the availability of e-fuels and low carbon biofuels is too
limited to substantially reduce the emissions of the fuel mix.

icct

THE INTERNATIONAL COUNCIL
ON CLEAN TRANSPORTATION

T PERI R ERARREAE 1.57 CPN > 2050 4 i 22K H
T

To limit global warming to 1.5 ° C, the global
passenger car fleet needs to be electric by 2050.

M T 45 A A5 6 o 15-18 4 > 2 BRFRZAE 2030-
2035 4FZ 45 I T (& GE A 240 -

With vehicle lifetime of 15-18 years, this requires
that the registration of new combustion engine
vehicles needs to be phased out by 2030-2035 -
globally.

18



FA, 51y 3fe F 22 F0 .30 g 22 AN ] 2 A
How are electric trucks and buses different than cars?

« BJRE/GVW:1-2t « MR/ GVW: 3.5-50t

s HLZS R/ Battery capacity: 30-100 kWh « HEI% R/ Battery capacity: 100 — 1,000 kWh
* fE#E/ Energy consumption: ~0.2 kWh/km * fE#E/ Energy consumption: 1 - 2 kWh/km

o f7BhiaHFE/ Lifetime mileage: ~250,000 km o {73 HFE/ Lifetime mileage: ~1,000,000 km
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Implications for trucks and buses

ICCTRZTF 467 T4 XTI LCATF AN DL JE » B 2egkibfs « 28 IS Wbt m » KRR AR L T o 4=
FHAELA o AREHNEBESRIRER TS - Jgmmf  JFCA s -
SR R B 4248 AT BE AR 4 A iy R B 3L B se B R AL o * Considering methane leakage emissions, natural gas HDV's
ICCT has begun a detailed LCA for HDVs, to be published in 2022. 90 not offer any GHG benefit vs. diesel.
Still the main conclusions from this presentation hold for HDVs. B ) o N i
Only battery and hydrogen fuel cell HDV's have the potential to ‘ %Zﬁﬁfﬁﬁ iﬂ,‘]%%%%’{% o it P A T R S AR
decarbonize the sector on a life-cycle basis. HARIRA T AW T -

* The climate performance of electric-drive HDV's wiill

. L continue to improve as the electricity grid and hydrogen
Eﬁﬁﬁ?%iﬁﬁﬁ@ﬁ@*’l‘ﬂé%ﬁ@&%ﬂ%ﬁﬂi$H’\Ji\ﬁ5ﬁﬁ%ﬁBﬁEE‘EEE production gets greener in the coming years.
B X IR B HR RN RE AR A A i R RO IR 2= AR

RIS - o P T T PR A KK > R T 75 B
One key difference is that HDVs are driven farther over their Bt ka) e

lifetimes. This means that the carbon intenSity and the amount of e« HDVs Stay on the road /Onger than passenger cars. There’s
energy they consume have a higher impact on the LCA GHG urgency to beginning the transition to electric-drive buses
emissions. and trucks.

FE R > 7 P 4 0 P Tt G A AR T 2 B AT B

BRI -

Similarly, the HDV and battery manufacturing emissions are 20
spread out over more kilometers.
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Thank you!

g.bieker@theicct.org
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