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China's road transport greenhouse gas (GHG) emissions will continue growing. However, if China
implements its stated policies, road transport emissions could peak before 2030 and petroleum
consumption before 2027 The peaking timeline for GHG emissions could be further advanced to 2025
and that for petroleum consumption to 2024 if China takes more proactive structural change measures
(including mode shift and vehicle occupancy improvements).

If China implements all its stated policies, road transport's GHG emissions in 2060 would decline by 50
percent from the 2020 level. Further, if radical structural changes and vehicle electrification occur, road
transport's GHG emissions in 2060 would reduce by 95 percent from 2020's level, fulfilling China's 2060
carbon neutrality commitment,

Over the long term, vehicle electrification offers the largest decarbonization potential, followed by
structural changes, fuel efficiency improvements, and the decarbonization of power and hydrogen
generation sectors. However, structural changes have the largest decarbonization potential in the near
term (from now until 2035).

Public and private investments of 39-83 trillion Chinese yuan (CNY) cumulatively are needed from 2020 to
2060 to decarbonize China's road transport sector.

Air pollutant emissions from China’s road transport sector will decouple from GHG emission trajectories,
demonstrating a steady declining trend.
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Decarbonizing the transport sector globally is
necessary to meet the Paris Climate Agreement
goal of limiting warming to below 2 degrees Celsius
(°C) or the more ambitious 1.5°C target. For China,
doing so is also critical for meeting the country’s
goals of peaking carbon dioxide emissions before
2030 and being carbon neutral by 2060. Further,
historical and projected trends for growth in
China’s road transport sector demand have raised
concerns over national energy security and local
air pollution.

At present, transport sectoral emission reduction
targets and mitigation actions compatible with

the carbon neutrality target have not yet been
established. As indicated by the Action Plan for
Carbon Dioxide Peaking before 2030, released

by China’s State Council on October 26, 2021,
petroleum consumption from the road transport
sector should peak before 2030, with a goal to
“keep the growth of carbon emissions in the
transportation domain within an appropriate range”
(NDRC 2021). This indicates that China’s transport
emissions probably will not peak before 2030.
However, existing modelling studies suggest that
to meet the 2-degree (or 1.5-degree) goal, global
transport emissions need to peak around 2020-25
(IEA 2021a; Gota et al. 2018; Fransen et al. 2019).

Within the transport sector, road transport
represented the largest share—84.1 percent—of
transport-related GHG emissions in China in
2014 (MEE 2020a). To meet its carbon neutrality
goal, China’s road transport sector needs explicit
sectoral emission reduction targets, actionable
strategies, and cost-effective policy instruments.
This study examines how the sector might be
decarbonized to inform the following;:

The road transport sector’s target setting to help
achieve China’s carbon peaking and neutrality
goals

Identification of cost-effective measures that
deliver on the sectoral emission reduction
targets, facilitate low-carbon investments, and
drive technological innovation

Identification of decarbonization measures with
air pollution reduction co-benefits

WRl.org.cn

Using the Low Emissions Analysis Platform
(LEAP) model, we constructed and analyzed the
results of the following five forecasting scenarios
(Table ES-1):

The Business as Usual (BAU) scenario is a
counterfactual scenario, representing no
improvement in energy efficiency and limited
degrees of vehicle electrification to help evaluate
the emissions reduction potential of China’s
stated policies and the consequences of not
meeting these targets.

The Stated Policy scenario (“Stated_policy”) is
based on the stated policies announced by the
national government and intended actions from
industrial associations.

The Structural Change scenario (“Low_stock”)
assumes greater degrees of transport structural
changes (through two measures—mode shift
and vehicle occupancy improvements), thereby
featured by smaller vehicle stocks.

The Deep Electrification scenario (“DeepELE”)
assumes more rapid diffusion of new energy
vehicles' (NEVs), with NEV passenger cars rep-
resenting 100 percent of passenger car sales by
2035 and NEV medium- and heavy-duty trucks
(HDTs) representing 100 percent of HDT sales
by 2050.

The Deep Decarbonization scenario
(“DeepDecarb”) integrates the Low_stock
and DeepELE scenarios. Therefore, the
scenario represents the most ambitious case
that is compatible with China’s 2060 carbon
neutrality target.




Table ES-1 |

BUSINESS STATED POLICY STRUCTURAL DEEP DEEP

AS USUAL
(GL)

CHANGE ELECTRIFICATION | DECARBONIZATION

(Stated_policy) (Low._stock) (DeepELE) (DeepDecarb)

Demand and Structural Change

Passenger car stock 239 506 381
in 2020 and 2060 (170 cars per (425 cars per 506 (300 cars per1,000 506 381
(million vehicles) 1,000 persons) 1,000 persons) persons)

Freight tkm
in 2020 and 2060 12 259
(trillion tkm)

Freight mode share
in 2020 and 2060
(% of road freight in
domestic tkm)

Freight average load
in 2020 and 2060
(tonnes per vehicle

kilometer)

HDT stock
in 2020 and 2060 9.5 20 20 12 20 12
(million vehicles)

54% 50% 50% 40% 50% 40%

95 95 95 1.5 95 1.5

Vehicle electrification

Passenger car
electrification
in 2020 and 2035 15.7% 30% 50% 50% 100% 100%
(% of NEVs
in passenger car sales)
50% 50%
HDT electrification (only HDTs operating  (only HDTs operating 100% 100%
in 2020 and 2050 06% % in urban deliveries, i urban deliveries,  (all HDTs,including  (all HDTs, including
(% of NEVs in HDT o7 ° drayage, and drayage, and long-haul and long-haul and
sales) regional delivery regional delivery  refrigerated HDTs)  reftigerated HDTs)
duty cycles) duty cycles)
Fuel efficiency
Fleet average:
56 /100 km No Fleet average: 4 L/100 km
ICE passenger cars Hybrid: improvement Hybrid: 60% of car sales in 2025,100% in 2035
2.6% of car sales
(Depends on gross No N0y -
ICE HDTs vehicleweight)  improvement HDTs: 20% improvement in 2035
NEVs (Depends on gross No (Various degrees of improvement based on gross vehicle weight)

vehicle weight) ~ improvement
Grid and hydrogen decarbonization

Power mix in 2020
and 2050

(% of non-fossil fuels

in power mix)
Hydrogen mix in 2020
and 2050

(% of gray hydrogen

in production mix)

32% 75% 92%

99% 35% 15%

Abbreviations: tkm = tonne-kilometer; HDT = heavy-duty truck; NEV = new energy vehicle; ICE = internal combustion engine; L = liter; km = kilometer.
Source: WRI authors’ assumptions.
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Our models indicate the following: First, road
transport GHG emissions in China would peak
during 2025-35, and petroleum demand would
peak during 2024—30 under all scenarios except
for Business as Usual. Driven by increasing travel
demand, China’s road transport GHG emissions
would continue growing. Nonetheless, if China
implements its stated policies (the Stated__
policy scenario), road transport emissions
could peak before 2030 and petroleum
consumption before 2027 (Figure ES-1). The
peaking timeline for GHG emissions would
be advanced to 2025 and that for petroleum
consumption to 2024 at the earliest if China
takes more proactive structural change
measures that include mode shifting to
low-emitting modes as well as increasing
vehicle occupancy (DeepELE, Low_stock, and
DeepDecarb scenarios). In the near term, structural
changes are more effective at peaking emissions
earlier and reducing emissions to a greater extent
than vehicle electrification.

Second, over the long term, under different policy
scenarios, the country can reduce road transport
GHG emissions in 2060 by about 50—95 percent
from the base year (2020). Specifically, if China
implements its stated policies, its road
transport GHG emissions in 2060 would
decline by 50 percent from 2020’s level
(the Stated_policy scenario). Further, if

a radical shift in vehicle technologies and

structural changes is made, road transport
GHG emissions in 2060 would be reduced
by 95 percent from the 2020 level, realizing
China’s 2060 carbon neutrality commitment
(the DeepDecarb scenario) (Figure ES-1).

To achieve the largest emission reduction
potential of 95 percent by 2060 in the
DeepDecarb scenario, four measures—
namely, vehicle electrification, structural
changes, fuel efficiency improvements, and
power and hydrogen decarbonization—are
critical (Figure ES-2 and Table ES-2):

Vehicle electrification has the largest de-
carbonization potential, contributing 48
percent of the cumulative GHG emission
reduction from the BAU scenario to the Deep-
Decarb scenario during 2020—60. If the decar-
bonization of the power and hydrogen-related sec-
tors follows the roadmaps outlined by the national
government and industrial associations, vehicle
electrification could yield a cumulative 60 percent
emission reduction.

Structural changes have the second-
largest mitigation potential and can cut
cumulative GHG emissions from 2020 to
2060 by 23 percent. Of note, in the near
term (2020—35), structural changes have
the largest mitigation potential because
vehicle electrification is not likely to reach the
tipping point during this time frame.

Figure ES-1 |
2,000 — BAU
Stated_policy
1500 a4 DeepELE
Low_stock
g
S 1000 DeepDecarb
=

500

2020 2025 2030 2035 2040

2045 2050 2055 2060

Note: Greenhouse gases include carbon dioxide, nitrous oxide (N,0), and methane (CH,). N,0 and CH, use 20-year global warming potential (GWP) values from IPCC (2014).

Abbreviation: Mt CO,eq = million tonnes of carbon dioxide equivalent.
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Figure ES-2 |

2000 B Fuel efficiency
Passenger electrification
1500 Freight electrification
Passenger structural change
g M Freight structural change
S 1000
= Clean power/H,
----- DeepDecarb
0 _ o T S cece BAU
L ° . . .
o ° . -
@
0 Teee ®%0c0e
2020 2025 2030 2035 2040 2045 2050 2055 2060

Abbreviations: Mt C0,eq = million tonnes of carbon dioxide equivalent; DeepDecarb = Deep Decarbonization scenario; H, = hydrogen; BAU = Business as Usual scenario.

Source: WRI authors' calculations using the Low Emissions Analysis Platform model.

Fuel efficiency improvements can generate
17 percent of the cumulative emission re-
duction during 2020—60. Further, tightening
the fleet-wide fuel efficiency standard is instru-
mental to stimulating NEV production, while NEV
energy efficiency improvements help improve
NEVs’ driving ranges as well as reduce vehicle
weights and costs.

Whether natural gas (NG) vehicles should be
treated as a viable decarbonization solution
is worth further scrutiny. Although the carbon
dioxide (CO,) emissions from NG vehicles are
around 20 percent lower than those of diesel- and
gasoline-powered vehicles, they have limited GHG
emissions savings due to methane escape from NG
vehicles (such as crankcase emissions or dynamic
venting of the fuel system). This study shows that
because of large methane leakage, an NG heavy-duty
truck meeting the China 5 emission standard would
tend to have higher tank-to-wheel GHG emissions
than its diesel counterpart. Only when the China

6 emission standard is stringently enforced would

a China 6 NG heavy-duty truck reduce tank-to-
wheel GHG emissions by up to 12 percent. In the
scenario analysis, when the market share of China

6 NG heavy-duty trucks rises to 50 percent in 2050
in the Stated_ policy scenario (compared with the
original 15 percent), the wider adoption of NG
trucks would lead to an additional 7 percent GHG
emission reduction in 2060 and less than a 3 percent
cumulative GHG emission reduction from 2020 to
2060, compared with the Stated_policy scenario.

This study further reveals that for China to
achieve its carbon neutrality goal, its stated
policies need to include increased
ambition on structural changes and vehicle
electrification (Table ES-2):

For structural changes, a 75—85 percent green
transport mode share for passenger transport,
40 percent road freight in the mode split for do-
mestic tonne-kilometers (tkm), and an average
11.5 tonne load per truck-kilometer

For vehicle electrification, NEVs would repre-
sent 100 percent of passenger car sales by 2035
and 100 percent of HDT sales by 2050

Reaching China’s carbon neutrality target
has more pronounced implications for
freight transport than it does for passenger
transport. The DeepDecarb scenario shows

that road freight transport could reduce GHG
emissions by a cumulative 19,367 million tonnes
of carbon dioxide equivalent (Mt CO,eq) from
2020 to 2060 compared with the BAU scenario,
over two times the cumulative emission reduction
associated with road passenger transport

(9,250 Mt CO.,eq). To unlock road freight’s
decarbonization potential, China needs to

make technology advances in long-haul HDTs
and refrigerated HDTs, promote freight mode
shifts to railways and waterways, and improve
freight logistic efficiency. China also needs to
significantly improve its freight statistical data
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Table ES-2 |

STRUCTURAL CHANGES

VEHICLE ELECTRIFICATION

FUEL EFFICIENCY
IMPROVEMENTS

POWER AND HYDROGEN
DECARBONIZATION

Targets in the Stated_policy scenario

Targets:
425 cars per 1,000 persons, 70% green
transport mode share in 2060°
Passenger
transport

Targets:
50% of road freight in domestic tkm;
Freight average load: 95 tonnes per vehicle-
transport kilometer®

Targets:

By 2035: NEVs represent 50% of
passenger car sales

By 2060: NEVs represent 100% of
car sales®

Targets:

By 2050: NEVs represent 50%
of HDT sales (that is, the HDTs

operating in urban deliveries,

drayage, and regional delivery
duty cycles)"

Targets and policies in the DeepDecarb scenario

Targets:
300 cars per 1,000 persons, 75-85%
green transport mode share in 2060

Tactics:

- Shift transit service paradigm with
intelligent demand responsive services

- Increase the share of infrastructure
investments in transit, active mobility,
and railway

- Pursue travel demand management
and carbon pricing

- Promote Mobility-as-a-Service and ride
sharing

Passenger
transport

Targets:

40% of road freight in domestic tkm;
average load =115 tonnes per HDT
vehicle-kilometer

Tactics:

- Shift bulk commodities to railways and - Increase vehicle acquisition and

waterways and promote intermodal
freight for high-value freight

- Invest in intermodal infrastructure
and equipment, improve service
connectivity, rationalize pricing and
scheduling, and enhance first-/last-
mile truck delivery

- Encourage the use of non-truck
operating carriers and facilitate drop-
and-hook operations

- Employ fuel taxes and road charges

Freight
transport

Targets:
NEVs represent 100% of
passenger car sales in 2035

Tactics:

- Enhance fleet-wide fuel
consumption standard

- Provide road access privileges
to NEVs

- Increase infrastructure
accessibility

- Introduce carbon taxes

Targets:

Targets:

By 2025: Fleet-average fuel
consumption for passenger cars
of 4 /100 km; hybrid vehicles
represent 60% of passenger car
sales (100% in 2035)°

By 2025: NEVs' energy efficiency
of 12 KWh/100 km¢

Targets:

By 2035: 20% improvement in
HDTs'fuel consumption’
Continuous improvement in NEVS'
energy efficiency

Same targets as the
Stated_policy scenario

Same targets as the

NEVs represent 100% of HDT sales ~ Stated_policy scenario

in 2050 (HDTs for short-range and

long-range duty cycles)

Tactics:

introduce operation subsidies
- Introduce fleet-wide fuel

consumption standard for HDTs
- Introduce CO,-emission indexed

road pricing
- Provide road access privileges
- Increase infrastructure
accessibility

Targets:
By 2050: 92% of non-fossil
fuelin power mix'

Targets:
By 2050: 15% of gray
hydrogen in production mix

Same targets as the
Stated_policy scenario

Same targets as the
Stated_policy scenario

Note: * Extrapolated by the authors based on NDRC (2021). ® China SAE 2020, © Extrapolated by the authors. ¢ MIIT 2019, 2021; China SAE 2020. ¢ State Council 2020. " ICCSD 2020.
% Extrapolated by the authors based on NDRC (2021). ™ Extrapolated by the authors. " China SAE 2020, CHA 2019,
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collection system to support evidence-based
policymaking in the above areas.

The results show that low-carbon investments
amounting to 39—83 trillion CNY
cumulatively are needed from 2020 to 2060

to decarbonize China’s road transport sector.

The investment demand is the largest from now till
2035 and will steadily decline over time. Among all
the scenarios, the Low_stock scenario is the
lowest-cost pathway, with an average abatement
cost of 675 CNY per tonne of CO,eq reduced thanks
to an associated smaller vehicle fleet (Figure ES-3).

Structural changes are the least-expensive
measure among all the decarbonization measures
because a smaller vehicle fleet size reduces needed
investments in installed capacities for power and

Figure ES-3 |

hydrogen generation and transmission as well as
investments in vehicle acquisition and charging
(and refueling) infrastructure expansion.

Vehicle electrification’s abatement costs vary
significantly over time. Only after the total cost
of ownership parity for NEV heavy-duty trucks is
reached (around 2030—35) will NEVs exhibit net
cost savings compared with internal combustion
engine (ICE) vehicles. However, the high
abatement costs of vehicle electrification should
not deter relevant investments.

After the introduction of the China 6 emission
standard’ (hereafter referred as the China 6
standard), road transport’s air pollutant
emissions would decouple from GHG
emissions trajectories, showing a steady

e Stated_policy DeepELE Low_stock

4,000

3,500

3,000

2,500

2,000

1,500

billion CNY, 2020 value

1,000

500

DeepDecarb

2020 2025 2030 2035

2040 2045 2050 2055 2060

Cumulative low-carbon investments

(billion CNY, 2020 value) 39,503

Average abatement cost

(CNY per tonne of CO,eq reduced) 1852

83,896 22070 54226

2510 675 1331

Abbreviations: CNY = Chinese yuan; C0,eq = carbon dioxide equivalent; Stated_policy = Stated Policy scenario; DeepELE = Deep Electrification scenario;
Low_stock = Structural Change scenario; DeepDecarb = Deep Decarbonization scenario.

Source: WRI authors' calculations using the Low Emissions Analysis Platform model.
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declining trend (Figure ES-4). Despite this
achievement, air pollution abatement
efforts should be sustained because non-road
transport sectors such as inland waterways and
non-road machinery also contribute significant
amounts of air pollutants, and the next-generation
China exhaust emission standard (such as a Euro
7 equivalent standard) would be conducive to
accelerating NEV adoption. This study further

shows that for the aforementioned decarbonization
measures to produce air pollution reduction
co-benefits, additional measures are necessary,
including improving railways and waterways’
freight operational efficiency, promoting railway
electrification, tightening the China 6 standard,
and improving in-use vehicles’ inspection/
maintenance programs (Table ES-3).

Figure ES-4 |
o= BAU === Stated_policy DeepELE e |ow_stock =~ === DeepDecarb
co NOx

6 6

million tonnes

2020 2025 2030 2035 2040 2045 2050 2055 2060
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S 008
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S 006
& 004
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million tonnes

2020 2025 2030 2035 2040 2045 2050 2055 2060

NMHC
4

million tonnes
N w

2020 2025 2030 2035 2040 2045 2050 2055 2060

Abbreviations: CO = carbon monoxide; NOx = nitrogen oxides; PM2.5 = particulate matter 2.5 micrometers or less in diameter; NMHC = non-methane hydrocarbons.

Source: WRI authors' calculations using the Low Emissions Analysis Platform model.
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Table ES-3 |

- RESEARCH CO-CONTROL EFFECTS POLICY IMPLICATIONS

This study

Fuel efficiency
standards

NG vehicle
promotion

NEV promotion

Passenger structural
changes

Freight structural
changes

Note: Green cells @ indicate that the measure can reduce both GHG emissions and air pollutants, and yellow cells

emissions.
Abbreviations: GHG = greenhouse gas; CH, = methane; NG = natural gas; NEV = new energy vehicle.
Source: WRI authors, based on this study and existing literature.

Reduce GHG emissions, neutral to air
pollutants

0'Driscoll et al. 2018

Reduce GHG emissions and air pollutants

Promote hybrid (gasoline)
vehicles

Liang et al. 2012
Saliba et al, 2017
0'Driscoll et al. 2018

This study
Mottschall et al. 2020
T&E 2020a

This study

Reduce GHG emissions but increase air
pollutants

Possibly increase GHG emissions,
reduce/ neutral to air pollutants

Reduce GHG emissions and air pollutants

Enforce China 6 standard

and enhance inspection/
maintenance programs for in-use
vehicles

Tighten China 6 standard on non-
tailpipe CH, emissions from NG
vehicles, enhance inspection/
maintenance programs

Peng et al. 2021

This study

This study

Reduce GHG emissions, increase
upstream air pollutants

Reduce GHG emissions and air pollutants

Reduce GHG emissions and air pollutants

Couple NEV promotion with the
decarbonization of the upstream
power and industrial sector

Shao 2020

Reduce GHG emissions, increase
upstream air pollutants

Decarbonize the upstream
power sector, promote railway
electrification, and reduce
railway backhauls

mean that the measure can reduce only GHG/ air pollutant
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MAEEEM ——
INEUZRZE 875%

Rk BR%E, 2020, AR

FREIEZE, 0.3%

/

REVEZEE, 03%

12.5%

— REMRE
3.5%

B ERR
AR, 7%

NRIE, 03%

\ HFEE, 05%

B AR, PEAIMCMELE, QLR E . BHERERAHEE (BURHE, 2020°) , AR FRRE, b T ABFRMEME F %t 535, @ REM G EE A RILE

BF G AR, BRI E AR PR R, A 6800 7 4

ARG, RESCHINZETER “AHEFE
#” (well-to-wheel, WTW ) HEil, HE1E “HBEEER"
(tank-to-wheel, TTW ) HE——R) F Hiz 47 B9 HERL,
UK &R “SHFEHAE" (well-to-tank, WTT) HEfi——
BIRB5H S~ ENHM. 2% ESEE SBUR B S EEL
TI1Z£5RS (IPCC) HEH (2006 FIPCCEKRESGKE
BIEFE) MIZESEE AT ER: £ (2006 FIPCCEREE
SEERIERE) P, RBEHIBI] AHEEE" B (S5
PR E REIS I ERHR ) tEAR AT ERT; i
B2, FERREERBIEHIBIIASTHR . EAHART,
ZIBEMELIH CHHEEAE HERUTAZ B IEmER
W, B, T EE e ERERT 580 (HIS) 7 Bisat
BHLEREE, i, ARRAIEERE~SERTBEM
B EIEMIEEIT P R

ERAZBRESEHNIESTE —|MAk. Bk,
ST EAR, Hep:

TEABHUR R SV Eh E LR BRI 4 A
M. EHERBSHENT FERNHR. 0B RRE
AUHERL, AR RAREMELELSR (SCR) &A%
Mo ATHIMED —FURTIEHBR, AARRIEE
BIPIARHERT, JEIE ARG~ £ HI S R AR AL
R AR E AR R ESEE A,

R HEE S B s E U A RER R SRR TA
R ek HEL ( Mottschall%, 2020) . A, KRR

WRl.org.cn

REESHRkEHINEER K, iRFRA, BT ‘BR”
RERRAETEXABEREEA, FERREMER
Joeidk % o) AR ( anF imehmAa ki i) , Ak, “ER”
FRERRTRE R HEE FELIPCCR R e HERL A 7
BINMES81E (Pan%, 2020) . £ TRASAEATEN
IZR A, KGRI R HE R NZ ESERE,

ST RHMFEBENNECARRERSESE
WIS HE. ATROERERECDHRNES

ELERFEREAECVEHRNERN, SF4EES
B ——E T Em R . R, & S hEHERAR
AR, ST RABEF ARG (Clairotte
%, 2020) o A RGP IR LHIE T RN
=02

SEARCHDHERBFERETEFAFHFC-134a
(1, 1, 1, 2-AOFE2IR ) EXABTHOHRS =B
IREN A ER ( XEHIEE, 2015) . B THFC-
1342 EE R EEAE(E ( ozone depletion potential, 3
FRODP ) A%, HELKW M EREREVRNFEERY
5% RH=iBEAH . BRHFC-134ai IR T BEHEE
{& ( global warming potential, fE#GWP ) tiRs, 3t
BAEZBHRAH—EA], ERTEIRRS, AR
RS EIRAADHRANIZE S,

S5RESGAHBAZECEARR, HTXBHEXH
ERTFRYFENREE ,\/HHIE%EPEEEW)%’E&#HH

T, RAHFREERGR “MBERER" 1952 YH



Mo ZEBRNESSSRMARTH—S I INHERS
H. ZARARERBANEERAR. ATRZA
RN EBRSEMARR T, AARFIENE
SRR BEN S ERSHM S E LA

A, K RWER LY EIFE—F LKk (carbon
monoxide, CO). ®REMAY. EF % 22 (non-methane
hydrocarbons, NMHC) . AEk Aol IR N B4, &
BAERNE, XBEHHIINE[SEDHERS EESKE
HREAEES. EVSNESEOHRARES, BifEr T
RUBTERSEY; MBHERISHEY, MPM1oFHE
Tk (black carbon), h 2 EF S KTEEEEN “EF
WRIETEY . AN, WRESRE, KARREE
“E k. FIRMENTE, FEERRERFT S TH
Y NEEERY, AMRREERINERFSEY, AR
GEMEHNTREAZTSSEDLE, ARRRENEES
FHRAE KR YHBCEE N R,

% 2 | FRARBZHERESEHRINE USRYHECER

22 1RBV A&
2.21 HERRIEEY

AR REWEBRZBEEFHREZTLEDH
WA, EFEHEFLEAP (Low Emissions Analysis
Platform ) # 2 SCI , E AR BN GE MR, BA
LEAPHEEIGE B E T AT (8. EIRMA SRERESR = EM
BEEA, FEENSIBIIRHEES (Yehs, 2017), B
BARHRBENEREE, AMRIOEE KRB,
BHEHSEBI TR A ERISNEE

NTRESEHR, ARREBZET “BTRL" 8977
ENEREAFHR (AR 1) o S TFRRSEMHR, A0
REBWKE (BB ERUSEYHRE R RBHIRALE
B (47) ) PR9TTE, WEEAFAONAERTHR (AKX
2) GEEH (AR 3)

- LB BRARATHIT R
- (ol L 30A A EAL ) #9HERR
=
g - BAPERLHER (VN
i
Y SRRk XK (V)

(o) o

ZIRER
G o)

TERER
(RreEiRSZE)

CHAB)ERT HEER

o TR V]
m
§ - kit ek (V]
&

- AR EWECEILE (SCR) HEsk

B - T RN RIS AR IEAT E A Z RACEHE T A TR, AFFREAFLAANIEE,
- ARHAR A3 R AR P e B 5 B A AR HEA, A BATRRAE AR P e AR, A A kit A2 P ey AR BRI A E AL

- REARFF AU S AT, AR AT R RHRARA D AT

kB VEF L, hFRRAT HEakAe SRR £ HRE Bk A hitpsi//Kleebindernet/en/tag/lifecycle-assessment/
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N SRR E .,

E=Y!P;xFE;xVKT:xEF; (A1)

Hrp.

ER_SBHINE, B ATR;

PREWKIMREE, BAAW;

FEZEMARIMBER, B AT/ BEAR (KK R
W) TFER/EAE (B) . Tr/BLrEHKEE
JEAR(RRAS.ER);

VKT E KB NEFINTE R, BUARE;

EF2 AERBI — ShHE 1, 24604 TF5/F
Fr/TERRS TR/ KER. W THRESSHRE,
EF#5RBE5HSMHRE T thoh, RARRIEH
BB A8%, ML A EFRBEIRNA8%,

n ERYRNESHR. R ECTRHBNE:

E=Y"PixEF;xVKT; (Ax2)
Hr,
ERESSLAMESHBE, SR k. ST RIER
B, BrhTE;
EFREREVNTEYRESHNEF. RIEfatl
ROVHR A F, BT/ AR,

B 3 | GEHmINTG &

N SRYEEEHRGEE.

E=(Eanningx VI;T +EFsoak+diurnalx365)XPi ( /AﬁS )

Hep,
ERESSEMELRANE, BNATR;
EFruming @A E TR R PHZELHREF, 204
T3 //NET;
EFsoak+diurmar= ML 50 25 B 25 BR8] #1270 B (8] HE R A HE L
BF, BAATR/K;
VETHER, BALAAE /NS,

HMEARBESEHESSRMHERTN, AHARXAT
LEAPHEFIFA] “ZE [\ F#E4EHR" (fleet turn-over model )
MNARERZBERREENE ARG, ZERETE
EMNHEXBERREE. TWMEERMES (FRBH
T EBREANRXTELEE, FESFENFHENR
DERNERREE, FLRLEM L, REARL. A2
R3BERKBESEFSREYHNE (LE 3FIE 4) .

LEAPRAM M B A TR FHE T & R MBmE AR
BHR N #HITERE, BHRKETHRUHE R BIZH AN
RALIETERBHOE 1o ASRILEAPEEINARE, AR #
MR T—PETExcelI#E R, AT HNZRHSEMILLIE
0 TR KA NERBE.

| y— HERIE . BERE CEERE . B
] \DFER y 0ziE CWERSE . Shaa CCOPERTIEEE . CERESS

| £zE | wen

EmEER f NEEBRAN

4 BEx
R = s

| i

HERIER”
HBEF

“H B
HHET

DERARR mESUE
TR M=5
REE FHER

AR
HEE

- BURRIE
- COPERTIREUHE

B
TRERR

Bz
e

BLY: AR P RIEIGE Excel BEA EHATAYBER ST IT, ALK IRT A LEAP BER) 2 ATy B0 3+ 5F
KR AEH A
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2 EIRPREL

HEE

- BUERRIE
- COPERTIRAUHE

LA AR P KRR Bxcel MR ZHATAIALA T IT, ALK 3G £E LBAP LA 2 AT ey AL 3 I
Rl AEH TR

#EiZExcellBEF, BERFEMNEIEXRABAKE SERITION, BMRERAEDLBKEE UK BITEML
%, MERAERBENNEERBEWRE (E3. B4Rk U TFAREEZMAEHRIR AT, B, HiTHE

F1)o Hf, REREETEZETARB AL ETNE. TN RAEREENZ BT EES .
NBIEAtE. BEFHORETESH, A zH%E

M (NERRESIZMNERF) M REREEEN WREXN A AS R FERNEE HSITHEIE.
P TEEY G, BZAEFEATRAEREENN, COPERT5SGREET 2.0 EENE . X BEE5EREAE,

EHT%?&E@iH%% (BERRE) URRBAETFYREHSE FIVEMIER T EIERIR, I HEIRRERE TN
BEHIHER, RAEREE REXBAEZSENGompertz)y
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BRI

KEFF4m
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KSR LAY
ENINES )

PELTUEY
HERWE

KSR
B #=

SRR
EERER F

EAREITI 2 AR
('Vehicle kilometer
travelled, faj #&

VKT )

WA A
HAF

A RFIRE 3
PERREE

SRR E
AR LR E A
W+ okt

FEY (FZ T
FoB AL TR, ) He
KB F

KEFA B
HeA& B F

A AL
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B . AR RTRS,
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B ZHit5% (2020)

B EWEFEAES (2006—20204F ) (BR%IHFLE, TEA

It )

T30 K 53 E  ( Argonne National Laboratory, ANL ) (2018 )

B R4+ % (2020 )

B R% L (2020) 5 F EAEHARBFRL oA R

238 15 By AR ONIEAL F AR R IR AR TR P R SR IAT RO TR
3] (2021)

KB H e 4470 AL R A Au i T IR e, B
WABR AT BARE R ey A B A A B TR

AT E T OUACOPERT A P ik AT H, RAFERA P A
AEATIE IO B8y 2 AAREY (CUTC) , PEARER
A P EAREAR I F23y TRETMELS" (CHIC) .
Flot, B =AFeeKkA 4R, Fim 5 #HEH50%

ATREREZ, RAZTE FMFTRERME]

REFHRRAFESERFEHMET T EAE R TEA
F I L ade b BAFEH AP T S A RG]

T AR A T AR R
(A FR AT RGP LB A GRAT) )
et s hiA %S BN AREA S, & JACOPERT A2 A
M H T R HeA R T
AT RARAARE, TIWFHE B - & T Lk k4% (Pan
%, 2020)

BRI G A BB 4 h) R 09 5 AT e ah A B F 09 % m

T E e A EEAL 2020

AT kb s BAAE TSGR F B (B AREAE
%, 2018) , i@t GREET 204870 ) 4] .69 Hezk A F

R AR B

—
BIEAT AR A F O HFERBLS
FRAF N FERBE -

T

¥

F AR AT R AR R R TS A
B, EEATIREARGIT IR A 6
EZ K (Song2017)

— A%

B E LR EFP I LA Z
e, 4TI TOL, Y. SIAMER
WL, FMARE, £—FHEE
VAR BN 2 TR S, sk, BpfR
PAEHFEE L, EIG-FHIRAHE
HEBLAZERLEM KA W
Hok i KA TAL

b3
AR BRI Z R, B
BEFBERBENRERS

—AZ

LihALEM, FTEHIZRFZ

AT I, RA., mRAE. £
WMABLERERAGELLFREY
vy, f— P A XE VLA B

R

I

W



2.2.2 i HERE A 1R BY

AT R RAMRIRERREA, 53 HATR
SR h R AL A RIS R, B — B
£ R HORAERA (A3 4) o

A = (A%4)

S

AR5, A AR AR (REA ) B
RABASKRBABALE, pUSTER T, KEHAR
A B AT AT AR, LA RS
Sk, NEE A, BT RUCRIAN I I 35
FHRA, BHXBERBRIARA, Mean ity
B, B TR RIANE BT AL 2 RS > BB, B
BEIT A A (Schrotens, 2012) . AR EFE LS,
U RN BT E AR I e, B BB A
B

/‘gﬁzc-/'g %—%\%ﬁ
-+ )
TR EIRHEE S R AT BT AT A E
5, BCAE PR FREERE A, W E TR TR

BAEEA =

(~Ax5)

I BREREWRAMBHRA: DUERSER
B, ERHRAS TH —ERERERRENNAS
EEARBECERHRENRARZE (A6) . REF
WA B AT TR E SR A RN
MEERAEFHE. TR ESMRERACENE
BLA . BE IR BK A A0 & 3 {3 A 75 e A () B9 P ofE (L SE B8/
SHA (BB HMEEM R R RS IE % S RA M
HEF R FE A2 RFIERESR, AT/ T
R EIT/ T3 ) . WRIFTIR, PR SHeeR T 18
KEIBILESHEREERN

AL A
_ (Costeapitat,i+COStoperation,) xSales-ICEcost x Sales:
- (1+r)yeart
(A=6)

Hrp.
Costeapital e IETELEIFTREF R EMEM A, TEH

BB S BUFANS;
CoStoperation BIFTEt EMIE SRR F A r EEA SR

A IS A A ;

ICEcost AR A ML AL SRR E BB AL
Sales RISHIFRFRRARNERFIHE;
rEfEH SRR (AFRKRIEA 3%) o




EEERRARBHR A SREHFERE. AR HEEME B AEANBESZHR NGB SRR &0
BN ERREERD I HENER (NEEEMBHERATA) 22, HNBREEMARS K EWIRE, KRS 3
TE (AR 7-1F AR 7-2) 6

FiE G B K
COSttransiL infrastructure, t+ (COS tcapital, t + COS toperation,J X S a leS - (COS tcapiml,t+ COStopemtion, t) X S a leS t,no_shift)
( 1471 )veart

(Az7-1)

He,

CoStiransit_infrastructure, GETETEL X LR M TRAMIR A IR A, UKXIMFEHITIAE;

Sales 2IETEtFE R L ITEMPEE, SERNFHE

Salesino_snp R Gt FERKREBEHTERRE (AN FELTEMRBHTRE) , FFEENFHE;
rEfE SRR (AFRBRIEA 3%) o

BB HER A A
COStra eraﬁon,JXsalest_(COStcapital,t+COStoperation,Jxsalest,no_shiﬁ ( /A\ﬁ7-2 )

( 1 +r)year t

T infrastructure,t+ (COS tcapi tal, t+ COS top

Heh:

COStraitway_infrastructure, i= FE TEt FEET X SR BEFOE EAR IR T, UK BE M EHWIHE;

Sales RISEFFUEEMIFEL W T (AIRERZHBEEMIKAR) , FERNFHE
Salestno_snr2 AR HEITF B AR RBEVEEWIFE (BIAN S HEEMREHTRA) , SERNFHEE,
rEfEH SRR (A RBREA 3%) o

5 &M AR EHR SRR N &40

4 |

WA R A HAE kR =

W Bk KEFEERGUERRALODER, WEZIRFN3LE, REEERBHERA
a4 TR L T Sk T

£

S8 AR A65TIFE, AR AT, KR AMHAE20204F A 45 T/ 5
B RN A K, 2060 A6 T/ K, A6 T/, —A%
BRARGETHEHEHRE £ F, LA RAGLERMNAE A E AL,

ket 05 U/TRE (PEEFHAETALT AR T REFS A, 2009)

ER ARG RERA. BAAGAMITEETEER AL RERKR, 2Rk, KRR —

FARLRA R LT AR A Y B RAL,

A BURAT 20055 A405T/ 8, 20355 43070/ 5, 2050442050/ % (F B EARTR B, 2019) . —HZ

Y= ),

Eﬁi%%f R AR IEAD A BRI S AR B F AR A, AIRE W 5 6%%%%m“%%
PV 2 i A me A RN T RIS SS AR (2 EME, 2008) . il

Y A KA FERERmF

/i

Gt AT R R R
TR ERE KL %k
EXNCE

Ge darial RBEPERTHE BTG LR AR (P EIRTHE B4, 2017—2020) ,
R ERY  REE) 2035 F PR AEHR 00 AT sk TA2 Wik IR AA AR T
B YA 170, HIBIE AL, T HAE R TR TR, R 2 Rit,

B RrsE RS, O RTRERTEA,
KR AEE R

14 WRl.org.cn



[ ﬂ-t_ﬁ_éﬁm?
" =TREE (= 7EH) ﬂ
200m

l'"fi ﬁ]’ ’?ﬁ‘?
Ml x1a0JIE Bridge
ke







BE, BEZER

9% (L& 5) 0

ERAHINZIEH T RIEK. &
BWEMRL. BREBEARE, MELBABESHSE
R RHEZMAR

MABERIS . M5, A REIMERLTENRE

TR R ARHDE D E 2 TG, nEEE AL

WENIE SN BREARIHE

REMIL, AMRIFEZEBRATWEE, HM,

NBURHHEE (NRBARIAYIET) ERAE T 1T

5 |

B, AT EBZNRBEREETI RS
ﬁﬁ&zg7}§i1EX1Xo

BAHR

BN DE: 2l
R

KR M e,

- RAGIR T ALY
- IR AL I

BN A

B ERBZAH T

- BBRHERNE

ki

S
g

- i

.‘I'.

EHARAL

- B AR

- BRI FAmA R R
5 d At AR
iﬁ% £ H)
HEEREE R

&

BREBIAS

- A ARRRASE
- BRI At
- AR

HAERAF T

o WP ARB A b

Yo SR B HE
BRI

- EAmARAR I

LR w5
) SR R HE

b bR
b SR

WBEE R E AT AP EE R A @I DR RS



18

BT EMRPNREBREK. MERIERKTIHS
BERMZBIEAEWRENTHERAZER, KARPEER
BB EHHIRGFAESHIENRRER. AFRR
ENBREETRNEHGNEAHTHAR. TLha%
ALK SHARBR A, IMRABRIREGR R ER,

3.21 BT RIE

5% RERZTBZHERNEBEKAR (TUMI,
2021) , TXJI+&, PEERTBENZHERERT
REEK (WE5) .

RAERBEM2005FEM1,900 A K F|2020F K
2.3912%, K T1265, FEABKESIL18% (ERFIT
&, 2005—2020)

BT R KE L DIRIZD, 2018 EB RN HzAE
B8 (BIEARK. BREEFIKEE. MEfEE, B8RS
EH) iK15.2 512 MAR, B2005F KI5 A EH31E,
FEEASEKKIX10.5% (ERZITF, 2005—2020) ¢

FHEREEEETN

REENFRAEREERENE, ETARREREFE
MAETRARKF: 2020 F FEFAFBEREEA1705,

A5 |

RFBEAM493%, BREMN540m5EEN592% (BR Gt
&, 2020; BAE+TXBE, 2021; KB %I, 2020; £
EE¥%itE, 2021) (WE6) .

KK, PESVILHERDEAIGDPIGK M RE
BK, EETARAEREERERKBNER, BERK
Z. ATNFERAEREE, XFREZAGompertzig
B, He, IATEMAYIGDPRAMNE “HEMSETF
E%12” (Shared Socioeconomic Pathways, f&#RSSPs) Ky
FUN{E ( Riahi%F, 2012) (WHFE1) o

AR X A GompertzA&E & A9 TN 45 8B 530 H Tk
MRBTMNERIFA, FERAERBFEERR BN
HREHEEK, 5 EF2040—2050F [EL1E, KIE
AT ARBEREEFRTRZELBRKE (LE7Y) .

EATEMABREM EREER#NEE, FETA
FAERBETEEE2050F 8K F350 ~ 4255 K
(Gilbert, 2017; ANL, 2018; Huo%, 2012) , JEff kA
FREEHILE4.5(2~6.0125H, AARIEBERIESRH
FARBEREETNEMTIZXE: BITFARBERE
BT 425 WL R R ABIE, BRNERNRBEREER
F2045FLF]5.1{Z HHIIEE,

EXBAEHTAYN. G eRTEHTEMRE
1kiEie, ENTARBAERBEEE UMK ZE260~350

— FRERAE —— WEARE

ABERE 25000

ANEAEF S (E (GDP)

FEE (L
2017 FET
SEMIT) 20000
[z AR
| AiRkRBE
15,000 / \
10,000
5,000 /
0
2005 2010 2015 2020

B 2018 FALE AER AT T L RAA . —RAIH 2 RGP (45 s A FRAE FRANNE R TR, ) , ZRIEM KL EH KSR 3T Ha

kiR BRI A, 2000—2020,

WRl.org.cn



WEKE, EBHRAEREER LRI 512~412H HiEE SNSRI
(Gilbert, 2017; ANL, 2018; Huo%;, 2012) , Aifi5ss

MILCEROTUNER AT ZX(E): BTFARBEREE MELFRRE, PENREER (NREZEEEIT)
A 300 A F 1B, ENERRAEREER T 2040 BELBFRTEK. ERRBRZAKERGHEEK, X
FIARI3. B2 HIIEE, BERRNENE, SRENETE. FEHEEHERE

RIEMIRES I E (Wang, 2021) , MEHANE

A6 | FEMEMERTASERBEENTARAEREE

B FAAERBE B TARBERBE - UBEEEBER - S0NLEBER
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hE Hni B KM ESES

BRI BR B A £ 69 RCHE A 2019 A, HALE R0 AHE A 2020 A
SRR R G B, 2002—2020; HAn ik k¥ EE T By, 20205 H ARGt R, 20205 £ B it R, 2021; (BRI St 2021) 5 BB GeiHE, 2020 (B KA FARAF) 5 BAE L3 A, 2021 (httpsi//
www.mlit.go.jp/statistics/details/jidosha_listhtml) o A & 4% & B #4847 2 4% % (https://dataworldbank.org) .

B 7 | ZHRESEXEHERRET ARAFEREEVTN

—0— EFFHEIE (20022019) @~ Gilbert(2017)_FUM 1 —-@= Gilbert(2017)_ FUM 2 @ Huo ZF (2012)_1BR1
-@- HuoZE(012_1B52 @ ANL(2018)_ SR -@- MLR0S)_FRm @ WEBHRBELSHR
SEMRIESR _ AR
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KRR BRI E, 2002—2019; Gilbert, 2017; ANL, 20185 Huo %, 2012; ABFSTIRR.
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A8 |

Hao %5 (2015)_DM 155 Hao %5 (2015)_ EEES
Pan 5 (2018)_ EEIB=
WangZ W Wang 5 (2017)_ATI 155

BEEEE 09 BEEES

ERzERE
(FZmArR)

W+ Efr s E%E
(F1ZMRE)

0 10 20 30

Liu 5 (2018)
BERFRED NS AIFELEMRET (20200 MW Wang & (2017)_PEV 1=
B Wang 5 Qo) EHESES

B Pan % 1815 BKERBS B Pan 55 (2018) 2 BEEBES
W Wang 55 (2017)_EF 155

Yin % (2015)_EEBE B EEES 09)_EmES

40 50 60 70 80

B BAREZERARZTOLR AN, SR ARE, MEFRETEG AT, EROSERLE (ZFEH) SEFRRENREE,
KRB LusE, 2021; FHARFAMETRE THELREA R, 2020; Pan 5, 2018; Wang 5, 2017; Zhang %, 20165 Yin %, 2015; Hao %, 2015; Huo %, 2012; Ak #32 .

H%E, RARSAHEM. AL, REFEAE L EX S
E B R RETIN

ERA SR N ( R IBRERIE AR ) (BEEE, 2019) A1
(PEKBRRE BB SHEREMR) (BERES
ET LS THSA BRR, 2020) it FEEZFEND
HARIUR K R=ES (ERFT R) shE0ED, B
NEIE FHE BN T 2030 FRIEILE (FE 5B KRE
F%E0.6%) , I HE2040—2045F 2 AL ZIEEHA, BT
I EN A% EE18.6712~19.8 FLMAR LA,
722020 A 2M1.7~1.8(%,

ﬁﬂﬂﬁﬁﬁﬂatﬂ, RzARESZHESERERRIE
ZE2, RECRENERSHE W EWHRERRE
Mz EROTRE, BRNRYEHEESEEEH
REIENSEEEINMIGK, —FEBEERAT, FEKREZ
BEEMAERT EFAEL AL, XEFRINA, EPI
NEEHERKFESREER ", Fl2050FER TRz

B E¥iAR|25.251{7~32.5 T{Z AR, 1#;52020EE’]2
~3f% (YinZ, 2015; WangZ%, 2017) .

WA XS E W 551z 4 2 A9 TN 40 B8 P 7 o

LTHMEZFERNREZAEENTUNTIRHELY, AR
P ERKFEF RKOEKFRWSE. flm, RIBEE
mj_'ﬁi*#ﬁ’f[ék (Freight Analysis Framework) , ZEE R

EZEEERE2045F EFE7.6T{LRMERE, H20155FH

WRl.org.cn

1.50% (EE@MFEITRMEERKB LR, 2016) . EEERN
RiZAXEHEEKSE, FiTE2050F 14 F18,96012 0
NE, H20165FMI1.41% (Agora energiewende, 2020) , £
FHEEERRWITON, AR BAERMERETUNFEER
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YW T RZ B EITHARPORBBRAE], 2021;

LEEHXBERS, 20217)

o, ALMEMELERPHETHER, PE
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AT (FIEAHTERSEZNHKX ), BF
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( ERTICO, 2019 ), BEEGERRELE,

KR IEE WA E

REFEVEMFAR. RBIEHFANEXZ RN EF
AR FRIZEH LML B TR SRR EKE, ETFEAE
R AEEKT ERE M. TTRRIA, IBEE AR
RITHE. ENETEENER (NETHORAFTRMEX
%), $RAERZEHENTHNLLLBERS, HAKARE
S EE SNt EI ST 61: 3009 IRTEIYKE (Kaaks,
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SN EES, MBS BiT400 08, IO (F3
) TN ABEHEE NS 2~207T (Liu, 2021)
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5T#E# 85 BMRR, 2020; Pan%, 2018; Wang%,
2017; Zhang%, 2016; Yin%, 2015; Hao%, 2015;
Huo%¥, 2012) , MEXMNKRzz@wsEw ( BEESL
tb) NN E3FrR, RBBSRES TN REEmEY
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HEFWETHR, BAEWHEER/OHRE, §8T

ERSEEEKTT, B (BE) EMOREE, KR ERR, MRAWEEGMEBRERRARES, A2
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nER, Wi, SEEFUVERAE, ABEENZRES B F8—F, £%)2,0000 . R, EEBELES
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(20204 ) (20184 )
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FRREFATHRER (NE) 46,8083%,65,71 74,000 ~ 114,000 96446 (&3 %)
PEAGELE R FRES (o) 9.8 15
e &S 40% 20% 20% (% =ik )
RERAE (TH) 3040 3150 1310
EARERA S (F4H) 840 170 290 (£31%)
BLA: P E A ARIE AT RN AR, RERT OERANE  PARESTANE, FE R ER A SO AT 45 vk ey S A, BT £ 48 SO BT 35
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B E S ATBE ARG A R B SE A5 3R AN AL A S IR e AR P RS984S AT PO 8], (2021) P BA F H R BRSPS AT A 8](2018) Gnann S (GRIEM B ) | £ B BRI A48 (2019),
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B PRI A Yang 5 (2019) | E BB HAF AT (2020) o
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W E N ESE R, RIESHINERS (ENEE
I8, EfFE ) (Agenbroad%, 2016)

3.23 MR AH
IR (AT 17~
SR % AR AR T IR R B 21

B, BEAMERAENHE EAERET (LA
15) o HA:

WRl.org.cn

2035 2040 2045 2050 2055 2060

ARTERBET, HEBEAZEALEM20125F893%
MERTFE 2020F856%, FEERALFHEAELNLE
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AR ROERRIT PP RARREBAE (0ED R
B) FEE RSB AV TR E A 2,

Rk, ERFERAFENHEHREBICETASEK
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