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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
(G

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% 1% in urban deliveries, i urban deliveries,  (all HDTs,including  (all HDTs, including
(% of NEVs in HDT e ° 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 N0 -
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
s o T S ceee BAU
L ° . . .
> ° . -
o
0 Teee R TS
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 === |ow_stock = === DeepDecarb
co NOx

6 6

million tonnes

2020 2025 2030 2035 2040 2045 2050 2055 2060

PM2.5
0.4
012

w010
e
S 008
[
S 006
& 004

0.02

2020 2025 2030 2035 2040 2045 2050 2055 2060

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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Bk, PEAIMCMELE, QLR E, BHFRERAHEIE (BUFHE, 2020°) , AR TFRRE, BT ABFRMEME %t 835, @ REM G FE LA RILE

BH G AR, BRI E AR PR RAE, A 6800 7 4,

AFRF, BEERAHEEMNZESTEERZE ShHFEE
(well-to-wheel, WTW ) HE5, HE$E “hBERER”

(tank-to-wheel, TTW ) #Hil——B1F iz T HAIHERL,
RIS “SHFFMAE” (well-to-tank, WTT) Hil——
RIEBS5H S~ ENHM. 2% ESEE SBUR B SEEL
T1ZRZ (IPCC) HEM (2006 FIPCCERBEESAEF

Bi5

o N=]

MY MZEEEARER: 7 (2006 FEIPCCEREE

SEERIEE) B, RBIBRART hHA A" HE (8
EiR B RHISIRT AR ) TR M T AERT; #
B2, MRAEEBIERA I ATHK . EAHRSD,

328

EHRIERIIAY M EIMAE” HEROT A B R AR HE

i, B, AR RS S8 (FIS) Tk it
RHLEEE. I, ARAEEWE 5185328 &t
RiEZREEIEP~ LN

ERZBRESEHNIESTE —SMAk. Bk,

SUTRA, Hp:

TEABHUR R SV Eh F R BRI 4 A
M. EHRBSHENT FERNHR. 0BRSS
BYHER, MIRRAIRTAEMLEELSE (SCR) A a4
Mo ATHIMEAD—FUREIEZHBR, AARIEE
BIPIARHERT, JEIE ARG~ £ HI S R AR AL
R AR E AR R ESEE A,

R HEOE S B s E A RER R SRR TR
Rk HERL ( Mottschall%, 2020) . A, KRR

WRl.org.cn

REBSHRREHINEER K, FRFRA, BT ‘BR”
RERRAETEXAREREEA, FERREMNR
Joeilk % o) /R ( anFE imehmAa ki HE ) , Ak, “ER”
FRERRSRE MR EHEE FELIPCCR R e HER A 7
BINMES81E (Pan%, 2020) . £ TRASAEATEN
IZR A, KRR R HE U N L ESERE,

ST RN FEBENNECARRHERSESE
WIS HE. AT EREREMDHRNES
ELERFEREAECVEHRNERN, SF4ES
R ——E T EmHER . R, & S hEHERR
YERWTI =, ST BHAE F R ETHEIN ( Clairotte
%, 2020) o AR RGP FRLEIFI T RHA AN
=0

SRBAUDHREIFERIETHFAFHFC-134a

(1, 1, 1, 2-EEZIR ) EEWEETHOHRSE =B
IREN A ERN ( XEHIEE, 2015) . B THFC-
1342l EFE RSB 6E1E ( ozone depletion potential, 75
FRODP ) A%, HELW MW EREREVRNFEERY
5% A= BTAT . BRHFC-134afI IR TREH4E
{& ( global warming potential, E#GWP ) thiRs, FF
BAEZBHRAH—EA], ERTEIRRS, AR
KRS EIRADHRANIZE S,

NER ==

S5EREEAGHHRNZECEARRE, ATIBHEXH
EREREYFENRRE NI EEPEERESHMER

T, FWAHFREES R “mBETER" 95 YH



Mo ZEBRNESISRMARTH—SIINHERS
H . ZRRAMERBANEERAR. BTRZA
RN EBRSEMARR T, ARSI
SRR BEN S ERSHM S E R

B, KRB R TLYBIFE—F LB (carbon
monoxide, CO). ®REMAY. IEF Ik 2% (non-methane
hydrocarbons, NMHC) . 485k %0 o] | N\ B, &
BAERNE, XRBEHHITNE[SEMERSRESE
HREAEES. EVNESEOHMURES, RifEr T
FUBTERSEY; MBHEKSEY, WWPM1oH A
Tk (black carbon), h 2 E A KETEHEEN “EF
WERBESEY . ABLO, BESE, AFRIERE
“E Mk FIRFENT R, AEERREEEGES ST
Y, NEEERY, AR RREERINERFSEY, AR
EHEVTIREATTEYLE, AR RAENEES
FHE A= S EHERCEE I3k,

% 2 | FRARBASHERESEHRINE USRYHECER

22 1RB A&
2.21 HERRIE S

AARHTEBRZTBRESBHBRE SR TEYHE
MEITN, TEE FLEAP (Low Emissions Analysis
Platform ) R LI (EAHHA BN G ETEEE, BR
LEAPHEEIGE B E T AT (8], BEIRMLA SRERIEFR Z B
HEER, ZERNEBINBHES (Yehs, 2017), B
EBAEHRBENEREE, AMRIOEE KRB,
BHEHSEBI TR A ERISNEE,

NTRESEHR, ARREBZET “BTRL" 8977
ENEREAFHR (AR 1) c S TFRRSEMHR, A0
REBWKIE (BB ERTUSEYARE R RBHIRALE
B (47) ) PR TTE, WEEAFANAERSHR (AKX
2) GEEH (AR 3) .

(o) o

ZIRER
G 5 oak=)

TFRER
(FrBEiRSZE)

B £ HAER

B - BT RN RE G S RN T A R EA TR, AFFREAFLAANIEE,
- ARAAR A3 R AR P e G S B AR HEA, DA BATRRAE AR P e AR, B A ekt A2 P ey AR BRI A E AL

- REARFRAC S A AT, AR AT R RHRARA D AT

R MR, “hIREMART Hade AR £ BT EB R A hitps//Keebindernet/en/tag/lifecycle-assessment/
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N SRR E .,

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

Hrp.

ER_SBHINE, B ATR;

PREWKMREE, BAAW;

FEZEMARIMBER, B AT/ BEAR (KK R
W) FER/EAE (B) . Tr/GRrEHKEE
JEAR(RAS.ER);

VKT E KB NEFINTE R, BANARE;

EF2 AERBIN — ShiHE F, B4A0ATF5/F
Fr/TRES TR/ KER. W TRESSHRE,
EF#gRBE5HSMHME T thoh, RARBRIRH
BB A8%, ML A EFRBEIRNA8%,

N ERYRNESHR. R ECTRHBNE:

E=Y"PixEF;xVKT; (Ax2)
Hr,
ERZSSLAMESHBNE, SR k. S TRIR
B, BrhTE;
EFRERENTEYRSHNEF. BIEfatl
ROVH A F, BT/ AR,

B 3 | GEHINT &

N SRYEEEHRGEE.

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

Hep,
ERESSEMELRANE, BN ATR;
EFruming @A 7SS R PZELHREF, 244
Foe//NET;
EFsoak+diurmari= ML 50 25 B 25 BR8] #1270 B (8] HE R A HE L
BF, BAATR/K;
VETHER, BALANE /N,

WMEARBESESSRMHEBRTN, AHARXAT
LEAPHEFIFA] “ZE [\ F%E1E " (fleet turn-over model )
MNARERZBERREENE ARG, ZERETSE
EMNHEXBERREE. TWHEEERMES (FERBS
TIEBREANREXTELEE, FESFENFHENR
DERNEHRREE, FLREM L, REARL. A2
R3BERKBESEFSREYHNE (LE 3FE 4) .

LEAPRAM M B A TR FHEH T &R MBEEAN
BABR N HITERE, BHRKETHRUHE R BIZH AN
RALIETERBHE 1o ASRILEAPEEINARE, AR #
ML T—PETExcel &R, AT HNZRHEMILLIE
N TR KRN NERBE
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HEE
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%, MERAERBENNEERBEWE (IE3. B4Rk U TFAREEZMAEHRIR AT, B, HiT4E

F1) . Hf, REREEFTZETARBzALKETNE. TN RAEREENZ BT EES .
NBIEHAtE. REFHORETESH, A%

M (NERRESIZMNERF) M REREEEN BRI AU AS R FERNEE A SITHEIE.
P TEEY G, BZAEATEATRAEREENN, COPERT5SGREET 2.0 EENE . X BEE5EREAE,
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KEFAERY
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B ZHit5% (2020)

B EWEFEAES (200620204 ) (BR%IHFE, TEA

It )

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

B R4+ 2% (2020 )

BRI L (2020) 5 F EAEHARBFRL oA R

PR TR e PN CL R Yo R L o A A Y O e Bl O
3] (2021)

AR e F AT R A i dm T E oL, B
WA R S AT Ik B AL A G R 4 B BN A B R AL

AT E T OLACOPERT LA P ik AT H, RAFERA P A
AEATR IO 18R 2 AR A (CLTC) , &AM 4K
A P EAREAR I 23y TREMELS" (CHIC) .
Flot, B =AFeekA 4R, Fim 5 #HEH50%

ATRERSEZ, RAZTE FMFTRERME]

REFHRRAFESERFEHMET T EAE R TEA
F I L ade b BAFH AP TS A RG]

T AR A T AR R
(A FR AT DA F LR B A gl (RAT) )
et st hiAES BN AREA S, K JACOPERT A2 A
M H T R HeA R T
AP RARAARE, TIWFRHE B & T Lk k4% (Pan
%, 2020)

BAE AR R JE A B4 h) R 09 5 AT e ah 3 B F 09 % m

E W A EEAL 2020

AT kb s BAAE TSGR F B (B AREAE
%, 2018) , i@t GREET 204570 | 4] .69 Hezk A F

R A R B

—
BIEATRRAF O HFERBLS
HRAF N FERBE -

T

¥

F AR AT R AR R R TS A
B, EAATIEARGIT RIEZ A6
E K (Song2017)

— A%

B EEIRMAEZ EF I LA Z
v, 4TI T OL, Y. SIAER
WL, FMARE, £—FHEE
VAR BN 2 TR S, dusl, BpfR
FAE AR L, EIe-FHIRAHE
HEBLAZERLEM KAWL W
Hoki KA TAL

b3
AR BRI Z R, B
BEFBERBENRERS

—AZ

LihAeEM, FTEHIXRFZ

AT I, RA., mRAE, £
WMABLERERALELLFREY
vy, f— P A XE VLA B
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2.2.2 i HERE A 1R BY

AT RAMREERRA, 53 HARR
SR Sh R AL A RIS R, B — B
£ R HORAERA (A3 4) o

A = (A%4)

HHEE

AR5, AR AR AR (REA ) B
RABASKRBASLLE, pUSTER T, KEHAR
NS B AT AT AR, LA
S, NEE A, BT RUCRIAN I I 235
FHRA, BHXHERBHIARA, Mean it
B, B TR RN BT AL 2 WSt > BB, B
BEit A A (Schrotens, 2012) . AR EFE LS,
U KA. BT E AR I e, B BT RA
B

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

BAEEA =

(~Ax5)

I BREREWRAMBHRA: DUERSER
Bl, BRHRAS TH —ERERERRENNAS
HEARBELGERHRENRARZE (A6) . REF
AL NEMASTTRE SR M A TN
MEERAEFHE. TR ESMRERACENE
BLA . BEIR K A AN 3 {32 A 55 e B () B9 P ofE (L ZE B8 /
SHA (BFEHMEEM R R RS IE % SRA W
HEF R FE A B RFIERESR, AT/ T
R EIT/ T3 ) - WRIFTIR, PR SHeRR T 18
KEIBILE S EREEN

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

Hrp.
Costeapital e IETEEIFTREF R EMEM A, TEH

Bt B S BUFANS;
CoStoperation BIFTE L EMIZ B F A r EEA SR

A IS A A ;

ICEcost AR HF ML L SRR E BB AL
Sales RIGHEIFRFRRARNERFIHE;
rEfEH SRR (AR A 3%) o




EEERRARBHR A SEEHFENE. AHTBNHS S EME B AEXNBESEZERNE B SRR &0
BN ERREERD I HENER (NEAEEMBHERATA) 22, HNBREEMARS K EWIRE, KRS 3
e (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 B TR AR R IR AT, UKXIFEHITIRAE;

Sales 2igTEtFE R L ITEMBEE, SERNFHE

Salesino_snp R Gt FERKREBEHTERRE (AN FELTEMRBHTRE) , FFEENFHE;
rEfEH SRR (AR A 3%) o

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

( 1 +r)year t

thoay,_ infrastructure,t+ (COS tcapi tal, t+ COS top

Heh:

COStraitway_infrastructure, = FETEt FEET X SR BEFOE AR AT, UK BE M EWIHE;

Sales RISEIFFUEEMIFEL T (AIRERZHBEMIKRAR) , FERNFHE
Salestno_snrR R HEIF B AR RBEVE EWIFE (AR SHIEREEMREHTRA) , SERNFHEE,
rEfEH IR (A RKREA 3%) o

5 &M AR BB R IR N &40

4 |

WA R A HAE kR B FEm=

o Bk KEFEFERGUERRARODER, WEZIRFN3LE, REEERBHERA
a4 TR HR T Sk T

)

S8R A65TIFE, AR AT, KR AMHE20204F A 45 T/ 5
BB AN Hs K, 2060 A6 T/ K, A6 T/, —A%
BRARGETHEHER A £ F, LA RAGLERMNAS A E AL,

ket 05 U/TRE (PEEFHAETALTHRTREFS A, 209)

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

FARLRA R E TR A Y B RAL,

A BRAT 20255 A405T/ 8, 20355 43070/ 5, 2050442050/ 5% (F B AARTR B, 2019) . —HZ

X = ),

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

Y A KB FERE R mF

1%

Gt AT R R R
THERE KL %k
EXNCE

Ge b tial RBEPERTHE BTG LR AR (P EIRTHE B4, 2017—2020) ,
R ERY  REE) 2035 F P EAAAFHR 700 AT sk BA2 Wik IR AA AR T
B YA 170, HIBIE AL, T HAE R TRT R, A2 Rit,

B RrsE RS, O RTRERTEA,
KR AEE R
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BT EMRPNREBREK. MERIERKTIHS
BERMZBIEAEWRENTHERAZER, KARPEER
BB EHHIRGFAESHIRNRRER. AFRR
ENBREETRNEHENEAMTHAR. TLh=%H
RIRLRI SHARBE A, IMRABRIEREGAR R ER,

3.21 BT RIE

S5 AERZTBZHERNEBEKAR (TUMI,
2021) , TXJI+&E, PEERTBENZHERERT
REEK (WE5) .

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

BT R KE L DIRIED, 2018 EB RN HzFE
B8 (BIEARK. BREEFIKEE. MEfEE, BR5EHF
EH) iK15.2 512 AR, B2005F KI5 A EH31E,
FEE ST KKIX10.5% (ERZITF, 2005—2020) ¢

FHEREEEETN

REERFRAEREERENE, ETARRAEREFE
MAETRARKF: 2020 F FEFAFBEREEA1705,

A5 |

R FBEAM493%, BREMN540m5EEN592% (BR Gt
&, 2020; BAETXIBE, 2021; KB %I, 2020; =
EE¥%itE, 2021) (WE6) .

Kk, PESVILHERDEAGDPIGK M RE
BK, EETARAEREERERKNBNER, BERK
Z. ATNFERAEREE, XFREZAGompertzig
B, Hi, IATEMAYIGDPRAMNRE “HEMSETF
B%12” (Shared Socioeconomic Pathways, f&#RSSPs) Ky
FUN{E ( Riahi%F, 2012) (WHFE1) o

AR X A GompertzA& & AN 45 8B 530 H TEk
MROTMNERYIFA,: FERAERBFEERR BN
HREHEEK, EEF2040—2050F [EL1E, KIE
AT ARBEREEFRTEZELBRKE (LE7Y) .

EATEMABREM EREER#NEE, FETA
FAERBETEEE2050F 8K T 350 ~ 4255 K
(Gilbert, 2017; ANL, 2018; Huo%, 2012) , Bl kA
FREEHIELE4.5(2~6.0125, AARIEBERIESRH
FARBEREETNEMTIZXE: BITFARBERE
BT 425 WL R R ABIE, BRNERNRBEREER
F2045FAF5.1{Z HHIIEE,

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

— FRERAE —— WEARE

ABERE 25000

NEAEF S (E (GDP)

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

B 208 FALE ARER T T L RAA =, —RAIH 2 RGP (45 s FRAE ERANNER TR, ) , ZRIEM I EH KB BT Ha,

kiR BR%I A, 2000—2020,

WRl.org.cn



WEKE, EBRRAEREER LRI 512~412W HiEE SIS
(Gilbert, 2017; ANL, 2018; Huo%;, 2012) , A#fi5ss

MILEROTUNER AT ZK(E): BTFARBEREE BELFLARE, PENREER (NKEZEEEIT)
A 300MAA F B, ENERRAEREER T 2040 BELBFRTEK. ERRBRZAKERGHEEK, X
FIARI3. B2 HIEE, BERRNEN, SRENETE. 2FEMEEHERE

RIEMIRS I ZE (Wang®, 2021) , MEANE

A6 | FEMEMERTFASERBEENTARAEREE
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Rk BRGHE, 2002—2020; # ek 353 B, 2020; A Amksiith, 2020; £ BiEH SR, 2021, (B RBLIT 2021) 5 KRB siHE, 2020 (& EAERAF); BAE L@ A, 2021 (https://
www.mlit.go.jp/statistics/details/jidosha_listhtml) . A& 245 & B #4847 245 % (https://dataworldbank.org) .

B 7 | ZHARSEXENERRET ARAFEREEVFN

—0— EFFHELE (20022019) @~ Gilbert(2017)_FM 1 —-@= Gilbert(2017)_ M 2 @ Huo ZF (2012)_1BR1
-@®- HuoZ(012_1B52 @ ANL(2018)_ SR -@- AMLR0S)_FRm @ NEBRBELSHR
SEWRIESR _ AR
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A8 |

Hao £ (2015)_DM 155
Pan Z (2018)_ EEIB S
WangZ W Wang 5 (2017)_ATI 155
BEESE 09)_ HEGBS

Hao &5 (2015)_ B HEIBES

ERzARE
(FiZmAE)

W+ Efr s E%E
(A1ZMRE)

0 10 20 30

Liu 5 (2018)
BEARFRET S AIFRAEMREE (20200 MW Wang % (2017)_PEV 155
B Wang 5 Qo) BEHEES

B Pan % 1815 BKERBS B Pan 55 (2018) 2 BEEBES
B Wang & (2017)_FE 1B S

Yin % (2015)_EEBE B EEES 09)_EmEE

40 50 60 70 80

B BAREZERAHZTOERANKE, B ARE, MEFRETEG AT, ARG ERE (ZHEH) SEFRRENREE,
R LusF, 2021; FHAERFAMETRE THELREARE, 2020; Pan 5, 2018; Wang 5, 2017; Zhang %, 20165 Yin %, 2015; Hao %, 2015; Huo %, 2012; Ak #32 .

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

ER SR N ( R IBRERIE AR (BEEEE, 2019) A1
(PEKRRE BB SHEREMR) (BERES
ETETHSA BRR, 2020) T, FEEZFEND
HARUR K R=ESE (NERFT R) shE0NED, B
NEIE EH BN T 2030 FRIEILE (FE 5B KERE
F%E0.6%) , I HE2040—2045F 7 AL ZIEEHA, B
I ENTREEA%EE18.6712~19.8 LM AR LA,
722020 A 2M1.7~1.8(%,

ﬁﬂﬂﬁﬁﬁﬂatﬂ, RzARESZHESERERRITE
ZE2, RECRENERSHE W EWHRERRE
Mz ERTRE, BRNRYEHERSHEEEH
REIEINSEEBINMIGK, —FBEERAT, FEKREZ
BEEMAERT EFAEL AL, XEHFRINA, EPI
NEEHERKFESREER ", Fl2050FER TRz

B E¥iAR|25.25{7~32.5 T{Z AR, 1#;52020EE’]2
~3f& (YinZ, 2015; WangZ, 2017) .

WA XS E W 551z 4 2 A9 TN a0 B8 P 7 o

LETHMEZFERN REZAEENTUNTIRHEY, AR
X P ERKFEF RKOEKFFRWASE. flm, RIBEE
mj_ﬁ#ﬁ’f[ék (Freight Analysis Framework) , ZEE R

EZEEERE2045F EFE7.6 5L RMERE, H20155FH

WRl.org.cn

1.56% (XBz@mgtBMEEREIAKE, 2016) . EEER
RiIZAXEHEEKSE, FiTE2050F 14 F18,96012 0
NE, H20165FM1.41% (Agora energiewende, 2020) , £
FEEERRWION, AR DR RETUNFEER
BRIz A EM2060FTUNE ( I F 13T AU 35 14 A %
) A E25.9{ZMAE, H2020F 2565,
3.2.2 BG MM
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E R AR EH40% M= RbE THRESEE20%H
K¥E (Yang®, 2019; EEEHWMR, 2020) o A
REMNBEHRERNZNIFNESH. —RERNSEEREE
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BN EIREE, FHFRzEHEMNIRE,

FEREK, MRBREZEHMENFERBARZE, B
BIEHIE DA TRIEKE, BURSEIERRERE
EMMEN B BK, REAMRONE, ERHK
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S R REFEM A LT E A E 32%,
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EBIGompertziR 2 (AR8), A RN FKALEREE
S5 A¥GDPZ BB K AR ITERE, TUNFE Kk EH
FREE,

V(x)=ye‘”ﬁx (A=8)

AP VORTMMNMTFARAEREEZ, x2 A
GDP, yRE TARAZEREENTAEMNE, aFIPRFUE
SN

MRE 2 |

N SEB IR A ML M EIAKREH A o:

In(In(V(x)-Iny)=In(a)+Px (~Ax9)
TEARMEM F, AARETHEANYGDPFITAE
AEREE (EXZiHE, 2002—2019) HHRER IR BRE
82060 FTARAERBERKE (EABER N300, 4
WIRAIER A4255) , BT L MBI oo F R FETTHLE, FHE
FHEEMNGompertziE BTN A R FERAENREE.
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EMRBITERGEIHEES (IAM) RERMTREZ
BEMNG X, MRAZAFTETRZA®E. Ai’]GDPﬁI
AR (B ) Mgz BIMEKIIFE L X R, UK KRRz B
E(2zx10),

D(X)=a'xglcome' x;rice (/Aﬁlo)

K D) RTINS BB TUE, xfeomeFIx ) ice
ESRIAFEN (1990F ) LA ABRNFIRRL (5r ) i
188, a. pRIy DRGNS (S15EE) WAL, K4, pH0
vy A E NIt R BN ERA AL (B ) A st
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WNFREHFROKAAGBRNEERE, AARET
1990—2020FMERNKIZE % E5 AGDPHI I E Hit
HiE (Bx%itE, 1990—2020) , XAR 108 TS, B
Zl1990—2020F B FEBZH K (UAHEIT) KEAA
BB NEMERE H0.99 (IHFERS) . IZHEMRESTE
Efjo.4 ( EEEH %R, 2019) , B TEENL01 (£
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AW, EYRBHET FRIEAERNERR TR
FTERAHER. RERILRERERRSHE, £2
RBI A SRR, AR AU B BRS).

B, EYBRREFEERRMEN FRRM. IE—
REYVHBRETE (FTERERZEX ZHE), T8
SHERARKRERRREEFWH . 20195, BNZ
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AN10%HIZ B (E10) , WZENH RKER¥ S1A1,30077
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