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China’s Policy Context for Transport Electrification

REfEREREB LA mNBERE S

Under the Paris Climate Accord, China i EE (ERSEEY B A&AE2030
committed to peak its CO, emissions by oF Bl 5 FLSEENCO AR IR I

2030 or earlier 20204F9H AT, =) LR T e
In late Sept. 2020, President Xi pledged %% 14+ BN 20604 DL RT <L PR AR B0 2K
China to achieve carbon neutrality before T

2060 e R 32 ST AT ) RE VR B o5 EE A
China’s transport sector consumes 10% of 10%, {H J5yvE#6= 5 L 50%
energy, but more than 50% of oil EEENE ., B E RN TR
China has become a leader in promoting g —KE

New Energy Vehicles in the passenger car

market

Sales of New Energy Vehicles in China
(2011-1st Half of 2019)

Source: China Energy Outlook, 2019.
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Is China’s success in electrifying light-duty transport replicable for decarbonizing its heavy-duty
trucking sector?

T EAERMNEISER RS (KRl RINAKES SR B ZEH-FEHE?

Globally, heavy-duty trucks are difficult to
decarbonize, and contribute to significant
air pollution

o Account for 10% of global vehicles but 40%
of transport CO,

o Particulate matter (PM) and nitrogen
oxides (NO,) emissions from diesel vehicles
account for half of on-road emissions in
U.S. and China

o PM, emissions from heavy-duty trucks
can be 1-2 orders of magnitude higher
than light-duty vehicles

o Travel 100,000 - 150,000 km/year in China
Least efficient vehicles due to weight and

larger loads; energy efficiency standards
only exist in 6 countries
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Road freight has grown significantly in recent years, and now accounts for nearly half
of China’s domestic freight transport

EisEiE S HERLEISE (20185)

Domestic Freight Transport by Mode (1949-2018) Domestic Freight Transport by
FEmiER S HERKIEE (1949-20184F) Mode (2018)
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Source: China National Bureau of Statistics, 2019
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Heavy-duty vehicles (>14 tonnes)’s share of freight vehicles rising quickly over time, from 18% in
2002 to 28% in 2018

BRE (>1400) ERSERPRIGELIREIS, M200250918%1E3E20185FR928%

Freight Vehicles by Type in China (2002-2018)
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EEFEBYER L u Civil Freight Heavy Duty Vehicles Civil Freight Medium Duty Vehicles FgFIFRBYERZE
Eﬁﬁéﬂi‘f‘E Civil Freight Light Duty Vehicles Civil Freight Micro Duty Vehicles Emﬁﬂﬂ‘,ﬁf

Source: China National Bureau of Statistics, 2019
KilR: ERFITE 20195 !
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In China, policy support for decarbonizing HDTs is growing

T EAEH SHRBUR, SCRERRERHL

o1 National fuel economy standard for heavy-
duty vehicles enter into Stage 3 in 2019, g
with ~15% improvement from Stage 2 s

Tractor Trucks Fuel Consumption Limits in China

Stage 1 (2011) MIIT standard

o Regional and city-level targets and subsidies
for phasing-out diesel vehicles

50
Stage 2 (2014) MIIT standard

of fuel/100 km)

45

Stage 3 (2019) MIIT standard

o1 Supporting policies for New Energy trucks:

40

o R&D and manufacturing

35

Fuel Consumption Limits (liters

o National development subsidies since 2015 1
(extended to 2022)

25
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Gross Vehicle Weight (tonnes)

0 20194, ERE A RS =M BURRHE =
BE/{Eiﬁ@ , %E';ﬁ . l}ﬁ&%ﬁtﬂiﬂu f—'ﬁ T ~ 15% Fuel Consumption Limits of Tractor Trucks in China
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But China also faces unique challenges to decarbonizing its HDT sector, including market structure
and supply chain issues

{5 r (5 7 B 2R R ZER A A0 ) T T et B e R Db B, 90 % i 3 45 1 A (46 2 8 55 T ) 1)
AN AT SR O 1 5 Re R

Individual ownership model

N o=l = Yo terc . S S Jk kb
exacerbates challenges of NEV trucks’ TR e e R A BT s SR P
high upfront costs o TIRRIREFNAS ML ET, FH
o 71% truck drivers own their vehicles, RN HG UM 58—k
resulting in decentralized decision making 55
o 84% of truck purchases made through 0/ B B S A 2 56 2N HE T ST 1
loans and debts - sensitive to high upfront = 84bﬁﬁf$€é%ﬁmwA?Zﬂﬁ,ﬂE)@%:§/] ’
costs of alternative heavy-duty trucks RS 38 Be IR R 2R 8N 1= e B

A AN d =
Market fragmentation v iAo SR

A H
o Five domestic manufacturers dominate the %Ul@.ﬁiﬁjﬁj\ H&
tratlors manufacturing and other specialty AL s et
trucks are very fragmented with small, ! rLJJiik =FF 1~§§$ﬂ]/\4ﬁ—j‘f$
scattered and low-quality manufacturers TN, AL NI

oA Hom b o s A 2 B AR Al

Resource and supply chain

considerations SR RN N 45 5 TH] 1) i FE

O Increased global demand for critical metals s b s 2 A A
(lithium, cobalt, graphite, platinum) could o %éﬁzg%%@ﬁ%i%i\ ?:\A\E
lead to a surge in resource prices and = NED) ﬁ'ﬁ;km;ﬁLﬁ E'jm‘ﬁjﬁbziﬂ“
potential trade issues EN S BT ROV AR 1 B7 5 o) j
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Reducing Oil Consumption in Heavy-Duty Freight Vehicles

PEARE R R 4 IR TH T #8

1. Short-term Strategies Assessment %5 B/ & PEAi

— v —
Efficiency LNG Fuel switch to Systemic improvement in
improvement LNG trucks operations and logistics
R LNGERRLE A 1275 P 2 G G

2. Emerging Technologies Assessment 31 X% AR K7E4E

= \

Battery electric trucks Techno-economic status, challenges

EINEER) Iy S F AR G 1 DU B 5R

Ca’;inary trucks Barriers to large-scale deployment
LR KHVEHE ) (hs
/I-Izyggo‘g;?‘fue\! cell trucks Resource and energy demand
FEAHERE " )

Dynamic charging trucks Scalability potential

A HET T )
~ ——
3. Pathways and Implications for China X = [E 5

Resources, energy, emission
implications

BHIE BRI HE G

Policy and programs
implications
BRI H R
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Literature review

HRGRIE

Techno-economic
analysis

BRZ

LEAP modeling and
scenario analysis

LEAPAEL TR A% 5t 43 #7

Case studies

ES P

Domestic and
international
expert interviews
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We use China 2050 DREAM Model to assess possible energy and emission pathways of
technology and policy development

FATIH A A E 2050DREAMBE 2 5 # SR TSR R F AT A7 R Y B B YR A HE B 4%

LEAP Software Platform

Bottom-up end-use model provides unique mid- to long-term energy

outlook based on physical, non-linear drivers and cross-sector LEAPER - F SR
linkages | \

A I . '_Z\’X]_[I_Ag:xl:\;lcw A ’EE" -
RIS, AN Y I T T Sy AR

R A, R RE IR A REYR T

Under development for 14 years, based on published statistics and I
reports, international and Chinese experts’ input and review domand drivers.

ﬁ?/\ﬁﬁ’}%ﬂ’}?ﬁﬁ& , UAEWANEHKR R, £ %145+ technologies, scenarios

KAYA |dentity:#?BH~1ﬁ;“zﬁFEI/z}iﬁ

Energy Consumption = Activity x Energy Intensity HEFE = 753l x BEIR 55 & :
Emissions = Fuel Consumption x Fuel-specific Emission Factor HE = BAEHEFE & x AR HERUA T

Transport sector: 32 18 45115, : |
O Detailed demand and technologies for 17 transport modes = T e
17Rp gl Ty 2 B AR 7 SRR '
o Heavy-duty trucks: stock turnover model, 4 fuel technologies =
RARE: AR, ARMRRLEOR { } '
Scenario analysis for future outlooks
ARK BRI TE SAh

o Change key input parameters (activity, efficiency, fuel share) to

Inputs

o BBl ma s &)

Ouﬁauts
Primary and final energy,
emissions, savings potential

represent technology development or policy-driven scenarios B« R R R YE Y R
é%%%%%ﬁ%%]\%ﬁ CUTE A RERCRRRL LB SRAAREAR ﬂFﬁﬁl?’Fﬂﬁﬁ%ﬂﬂWéﬁ
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We use scenario analysis to analyze different possible pathways of NEV HDT development

BMNEEHERSIRIPEA R RFRREER RERERRRE

Reference Scenario: baseline scenario assuming continuous efficiency
improvement and fuel switching towards LNG 2

Short-term Strategies Scenario

Short-term Strategies Scenario: full adoption of
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o Technical efficiency improvements (1.4-1.5%/year)

o Commercialized cleaner LNG trucks: 50% LNG trucks in total fleet by 2050 (vs. f s

30%) N
o Operations and logistics improvements: 15% reduction in 2050 freight activity “ais o aes a0 s awe aws s
Early NEV Adoption: earlier and accelerated deployment of battery T etk e ey |
electric and fuel cell HDTs starting in 2020 and 2035, respectively P
Late NEV Adoption: slower deployment of battery electric and fuel cell f
HDTs in 2020 and 2040, respectively ‘o :
TR IG5, RBCRERAN W A2 e AL [ VAL R 2R U(LNG) s o s o 1 e e
B AR R | |

NEV Heavy-duty Truck Early Adoption NEV Heavy-duty Truck Late Adoption

ﬁ%ﬁ Eg‘['%ﬁ‘ . Scenario Scenario
o %é%ﬁﬁﬁi*ﬁﬂ‘]ﬁ%&ﬂ%ﬂ (55'51.4-1.5%) 50% 0%
o KRABEHEGEREE A RE QosoF R RN R ELE]50%) ™ §
o EERYTIERNE: $20504F MR15%00 E R iE AR .
FRBURR LKA R BRI A E E R (20204F) fl o j -
JREIHBE R (20354F) , F20504FE4 7 5 KA ®30%M10% °/l° ” %

, 5 o N — N 0% 0% _‘—4(y
ﬁﬁéﬁﬁﬂﬁ%ﬁﬁ‘r%%: EBCB%;J:E}J?&)EE?EE EEZ;JE:_E (2020@) %D% 005 2000 2005 2030 2035 2040 2045 2050 005 2020 2025 2030 2035 2040 2045 2050 °
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Short-term strategies can help peak and stabilize HDT energy by 2025, and significantly reduce diesel levels after
mid-2020s

75 35 e T DA B B R AR RETE20254R IR I RIFAERE, W] ATE2025%F DA 2.3 IR SR T 7%
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Energy efficiency improvement has largest potential in reducing HDT energy use, while LNG trucks slightly
increase total energy use

RERR BN PR E RAEFERIIE JIRR, ING (BURRR) FESREWINE T E FH S 6848

Final Energy Impact of Short-term Strategies on Heavy-

duty Trucks
350 S0 I B A 24 A 1 B
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H o 200
L=
2 =150
=
I 100
50
0
2015 2020 2025 2030 2035 2040 2045 2050

e Reference  JLYHETE B
Short Term Strategies 45 Hf B} W%
»»»»»» with HDT EE Improvement only ¥ | R e R0t

with HDT Fuel Switch to LNG only AN B R A LNG R R R AR
» =+« =« with HDT Logistics and Operations Improvement Only{y J | & -R47)37% fliz = J5 1 1 o 38

>
A\
8 ceeoeee] |
13
ENERGY TECHNOLOGIES AREA ENERGY ANALYSIS AND ENVIRONMENTAL IMPACTS DIVISION BERKELEY LAB



Total of 94% reduction possible by 2050 if NEV trucks are also deployed earlier

INRBEHET NMAFEEE R, B20504F ] FERI4%HI S H R

Impact of Different Strategies on Heavy-duty Trucks' Diesel Consumption
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Efficiency improvement has the greatest potential in the near-term, followed by switching to
LNG and NEVs in the longer term

I A L, RESAR T 5 Th] B 7 B R R s K S A B U . ) NG 7 RE R I I8

Change in Heavy-duty Truck Diesel Demand by Strategy
Y T R RS S
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In 2050, short-term strategies and early adoption of NEVs could reduce annual CO, emissions
by 45%
20504F, 7E AR AS AR S HE) B BeVE = ZE R L [F/E A B AT SEIAECO, HE TR BRI 45%

2050 CO, Emissions Impacts of All Strategies

1,000 P 58 85 1 it e 2050 EE.CO, HE AR O B2 il
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2 8 e — S
S O
2 O 500
R +=
m = 400
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2015 2050 Short-term  Late NEV  Early NEV 2050 All - BRI M
Strategies  Adoption Adoption  Strategies HIBBEIRE:
& HAh

e b 25 it % H with Early ]
R R

*Note: estimated CO2 reductions highly dependent on our assumptions about market adoption rates and power sector decarbonization
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Based on our findings, near-term policy implications for the 14" and 15" Five-Year
Plan period (2021 — 2030) include:

A mix of technologies, rather than a
single NEV technology, is needed for
maximum CO, and diesel reductions

Policy support needed through
policies and programs such as
technology-neutral GHG reduction
performance standards and fiscal
policies

Government-led or public-private
partnerships needed to coordinate
and optimize strategic siting of
infrastructure networks, including
coordination with light-duty road
transport sectors

R&D investment needed in high
density batteries and fuel cell stacks,
infrastructure for transporting
hydrogen from electrolysis from
renewables

FF” BT RABR R AL .

KT H WA — AR HE ORI,
SRR S FEA, TTAER
— T TR R A
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Key Findings

Existing technical improvements in energy
efficiency, and increasing adoption of LNG and
NEV trucks can lead to sizable diesel reductions in
the near-term, with diesel peaking as early as
2025

CO, reduction impact of NEVs will be closely
linked to pace of power sector decarbonization

Efficiency improvements and switching to NEVs
have additional co-benefits in reducing air
pollution, including SOx, NOx, and PM emissions

Policies and programs need to be developed now
to support diverse solutions to reduce diesel and
emissions from heavy-duty trucking, including
R&D for NEV technologies and investment in
charging infrastructure

Logistics and operational efficiency improvements
are significant, but may be harder to achieve and
will need institutional changes as well as new
enabling technologies
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