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EXECUTIVE SUMMARY

HIGHLIGHTS

Using extensive surveys and vehicle on-board diagnostics data analysis, this study explores how
Beijing can accelerate the adoption of zero emission trucks (ZETs) to reduce transport emissions while
ensuring an inclusive transition of small carriers and individual truck drivers.

The results show that under Beijing's harsh winter weather and driving cycles, for light-duty trucks
(LDTs), battery electric vehicles (BEVs) are a technologically adequate and affordable option for most
urban delivery duty cycles. However, for long-distance or cold-chain urban delivery cycles, light-duty
BEVs have limitations. In contrast, with the city- and district-level Hydrogen Fuel Cell Electric Vehicle
(FCEV) City Cluster subsidies, light-duty FCEVs become an economical alternative, with total costs of
ownership (TCOs) reaching parity with that of internal combustion engine (ICE) LDTs.

For heavy-duty trucks (HDTs), at present, FCEVs (such as fuel cell dump trucks) are a technologically
adequate option that can meet the operational requirements of all urban delivery duty cycles,
compared to BEV HDTs. After the city-level FCEV City Cluster subsidies, the TCOs of FCEV HDTs can be
even lower than that of diesel HDTs.

Beijing should adopt comprehensive measures, including optimizing the current preferential access
policy, relaxing the gross vehicle weight (GYW) restrictions, providing economic incentives, and
expanding charging and hydrogen refueling infrastructure. Among all the incentives, preferential
access policy is the most cost-effective solution and should be prioritized.
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Research question

Promoted by technological advances and policy
incentives, the adoption of ZETs in Beijing has
taken off. By the end of 2021, the number of ZETs
on the road had reached 26,000, ranked fifth among
Chinese cities, following Shenzhen, Chengdu,
Guangzhou, and Xi’an. Even so, due to high cost
and immature technologies, the stock penetration
and market shares of ZETs remain low in Beijing.
By the end of 2021, light-duty ZETs accounted for
5.4 percent of the LDT fleet and 8 percent of the
annual sales, lower than zero emission passenger
cars’ fleet penetration and market share. The
adoption of heavy-duty ZETs is even lower: heavy-
duty ZETs represented 1.7 percent of the HDT fleet
and 3 percent of the annual sales of HDTs in 2021.

With the complete phaseout of national new energy
vehicle (NEV) purchase subsidies, Beijing lacks
policy incentives to maintain the rapid growth of
ZETs. The only economic incentive to promote ZETs
is Beijing Hydrogen FCEV City Cluster subsidies
targeted only at FCEV trucks. Although Beijing’s
current privileged road access policy (which only
allows ZETs with daytime access permits to enter
the Fifth Ring Road in the daytime; trucks without
the permits can enter the area at nighttime) had
successfully promoted ZETs, it has reached its
maximum effects—there are few daytime access
permits, all of which have been distributed to ZETs.

Therefore, newly added ZETs that do not have the
permits will face the same access restriction as ICE
trucks. Further, for electric delivery vans and HDTs,
there are no policy incentives.

Future growth of ZETs is more challenging

after the low-hanging fruits have been picked.

In the past, ZETs were primarily adopted by

large carriers (or logistic service providers) that

are less cost sensitive. Now, to further promote
ZETs, policymakers are confronted by more
cost-conscious users (such as small carriers and
individual truck drivers) and more challenging duty
cycles (HDTS).

To support Beijing in reaching the target of 2 million
NEVs on the road by 2025, the local government

of Beijing should seek comprehensive solutions to
promote ZETs. Beijing’s success would also offer
inspiration for other Chinese cities, as well as cities
around the globe, especially for regions with cold
winter temperatures. Therefore, the study aims

to address how Beijing should design policies to
promote ZETs, considering ZETSs operating in
divergent duty cycles by different sizes of fleet
operators would have different obstacles with vehicle
technologies and costs, while ensuring the inclusive
transition of small carriers and individual truck
drivers and minimizing the government’ financial
expenditure (subsidies) in promoting ZETs.




Research methodology

The study identifies 12 typical categories of urban
delivery duty cycles based on local freights statistics
documented by Beijing Transport Institute,
mainstreamed ZET makes and models in China,
and annual vehicle kilometers traveled statistics of
trucks operated in Beijing summarized by Beijing
Transport Institute.

Based on ZET technical performance analysis

by National NEV Alliance and on surveys World
Resources Institute conducted on local carriers, the
study analyzes the technological readiness of ZETs
for each duty cycle—particularly, range adequacy,
payload losses, and charging/refueling time
penalties—and calculates the availability rates of
ZETs (that is, the number of ZETs needed to replace
one ICE truck). Based on the availability rates, the
differences in TCOs between ZETs and ICE trucks
under each duty cycle are calculated.

The study then identifies the policies that are
effective to fill the current (2022—-24) technological
and cost gaps of ZETs, based on literature review
and quantitative analysis. Employing survey
questionaries, the study further reveals the
perceived preferences on different policies by
various sizes of carriers and then draws tailored
recommendations.

Research findings and
recommendations

The above analysis reveals that at present (2022—
24), different ZET models operating in varying
duty cycles have different degrees of technological
readiness and TCO gaps (Table ES-1):

B Delivery vans. Although the TCOs of
electric delivery vans are lower than their
ICE counterparts, electric delivery vans still
have range limitations. Therefore, automotive
original equipment manufacturers need to

improve the design of the vehicles to make them

suitable for urban delivery.

B LDTs for light good transportation. Due
to range degradation in the wintertime, electric
LDTs can fulfill a maximum 160-kilometer (km)
daily mileage (with a single charge), and it will
require 1.3—2 electric LDTs to replace one ICE

LDT for long-distance duty cycle (daily mileage
above 200 km). Therefore, electric LDTs have
reached TCO parity with ICE LDTs in short-
and medium-range duty cycles; under a long-
distance urban delivery duty cycle, the TCOs

of electric LDTs are still higher. FCEV LDTs,
on the other hand, can meet the daily mileage
requirements for all urban delivery duty cycles,
and if the vehicle can be granted with both

the city- and district-level FCEV City Cluster
subsidies, the TCOs of FCEV LDTs will be lower
than those of ICE vehicles. Therefore, FCEVs
are a viable alternative for long-distance urban
delivery duty cycle for light good shipments.

LDTs for heavy transportation. Due to
payload losses, both electric and FCEV LDTs
have considerable TCO gaps compared to

ICE vehicles. To overcome the challenges,
deregulation of maximum GVW restrictions and
technological improvement (energy efficiency
improvements, the adoption of 70 megapascal/
liquid hydrogen storage systems, and other
lightweight measures) are necessary.

Temperature-controlled LDTs. FCEVs

are a viable option because electric LDTs tend

to consume more energy in this duty cycle and
can fulfill a maximum 160-km daily mileage. By
contrast, FCEVs are more energy efficient and can
fulfill more than a 260-km daily mileage. Further,
after the city- and district-level FCEV City Cluster
subsidies, FCEVs can reach TCO parity with their
ICE counterparts, while the TCOs of BEVs are 43
to 54 percent higher than ICE vehicles.

HDTs in the urban delivery duty cycle.
When the annual vehicle kilometers traveled
(VKT) is over 70,000 km, 49-tonne (t) electric
tractor trailers are approaching TCO parity.
If adopting the battery swapping technology,
electric tractor trailers are particularly
technologically feasible and financially
competitive in the drayage duty cycles (for
example, transporting bulk commodities in
short distances between railway yards and
concrete mixing stations). However, other
types of electric HDTs would face significant
technological and cost challenges.

FCEV HDTs, on the other hand, if not counting
payload losses, can meet the technological
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Table ES-1 | Technological readiness and TCO of ZETs in different duty cycles

ANNUAL FCEV

AVAILABILITY CHARGING AVAILABILITY CHARGING

DUTY CYCLES VKT

(10,000km) RATE RANGE DURATION PAYLOAD| TCO RATE RANGE DURATION PAYLOAD| TCO

Light & heavy goods 2~4 1 --
Light & heavy goods 2~4 1 -

Light-duty truck

Mini-van

=
>

= =
> B

2 Light goods, short distance 09~3 ---- ----

3 Light goods, medium distance ~ 3.5~4.5 1 ---- ----
Light goods, long distance 72~9 15 -- ----

¢ Light goods, long distance 72~9 2 ---- ----

5 Heavy goods, short distance 09~3 12 -- ---

6 Heavy goods, medium distance ~ 3.5~4.5 12 -- - ---

7 Heavy goods, long distance 72~9 18 ---

8 Temperature-controlled goods 45~6 -- - ----

Heavy-duty truck

: HE = 0 =
10 49-t (6x4) tractor trailer 6 --- ----
1 42-t (4x2) tractor trailer 6 1 ---- 1 ----
12 18-t straight truck 6 1 -- X - 1 -- X -

Notes: Red indicates that there are significant technological or cost barriers in this duty cycle. Yellow indicates that there is some extent of technological or cost barriers in this duty
cycle. Green indicates there are nearly no challenges. TCO = total cost of ownership. ZET = zero emission truck. VKT = vehicle kilometer traveled. km = kilometer. BEV = battery
electric vehicle. FCEV = fuel cell electric vehicle. N.A. = not applicable. t = tonne. x = no data to support the analysis..

Source: Authors'summary based on Tables 14 and 15.

requirements of all the urban delivery duty different types of freight and traveling varying
cycles. Further, with the city- and district- daily mileages. Second, although the TCOs of
level FCEV City Cluster subsidies, the TCOs FCEVs are lower than ICE vehicles with FCEV
of FCEVs have been even lower than those City Cluster subsidies, not all FCEVs are entitled
of ICE HDTs. Therefore, FCEVs are a viable to the subsidies. This is because the subsidies are
technology option for HDTs in Beijing, earmarked for 1,090 FCEV trucks for 2021-23
particularly for dump trucks, 42-t tractor and are only applicable to seven districts in
trailers, and straight trucks, if hydrogen Beijing. Without the city- or district- level FCEV
refueling stations are readily available. subsidies, FCEV TCOs are still significantly higher
than ICE vehicles.

ZETs’ technology and cost barriers are more

complicated in the real world. First, ZETs Multiple policy solutions exist to overcome ZETS’

often operate in different duty cycles, carrying technological and cost challenges. The study
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focuses on the demand-side policies where the city B Second, if the local governments employ
has jurisdiction. The analysis covers only electric comprehensive measures, the public

LDTs, because FCEVs can meet the technological subsidies needed to fill the TCO gaps will be
requirement of most duty cycles (except for heavy- less. Therefore, to save public expenditure
good transportation) and can reach TCO parity with while accelerating the adoption of ZETs,

the city- and district- level subsidies. In addition, the Beijing government should consider
data on electric HDTs are limited; therefore, the

analysis may not be accurate. The results show the
following (Table ES-2):

First, among the four policy solutions to
tackle the technological and cost challenges of
ZETs (including subsidies, preferential access,
expansion of the charging network, and
relaxation of GVW restrictions), a preferential
access policy can lead to the largest TCO
reduction in most urban delivery duty cycles.

deploying multiple policies, such as subsidies,
preferential access, expansion of the charging
network, and relaxation of GVW restrictions.

Third, different sizes of carriers have different
preferences on the policy solutions. According to
the survey conducted by this study on different
sizes of carriers, large carriers favor preferential
access policy and subsidies, while smaller
carriers are inclined toward subsidies and
expansion of the charging network (Figure ES-1).

Table ES-2 | Policy impacts on reduction of availability rates and TCOs of ZETs in different duty cycles

POLICY EFFECTS IN REDUCING BEV TCOS

ANNUAL GAPS BETWEEN ’ TCO GAPS
UkT | AVAILABILITY | BEV AND ICETCO (10,000 CNY/vehicle) AFTER
MEDIAN VALUES INTEGRATED
(10,000km) : CHARGING ACCESS SUBSIDIES
(10,000 CNY/vehicle)| R AXATION | FACILITIES |  POLICY POLICIES
Minivan
Compared to new ICE 1 TCO parity N.A. N.A. X
2~4 48~191 TCO parity
Compared to secondhand ICE 1 -38~13 N.A. N.A. X
Compared to new ICE 1 TCO parity N.A. N.A. X
2~4 4.8~191 TCO parity
Compared to secondhand ICE 1 0.6~6.6 N.A. N.A. 0~2
Light-duty truck
Light goods, short distance 09~3 1 -0.2~4.1 N.A. N.A. 21~14.3 0~2
Light goods, medium distance ~ 3.5~4.5 1 TCO parity N.A. N.A. 8.3~214 X
Light goods, long distance 72~9 15 -2.6~2.9 N.A. 48 172~42.9 X
Light goods, long distance 72~9 2 101~15 N.A. 48 17.2~42.9 X
TCO parity
Heavy goods, short distance 09~3 12 5.0~9.7 48 N.A. 21~14.3 0~2
Heavy goods, medium distance ~ 3.5~4.5 12 0.8~5.6 48 N.A. 8.3~214 x
Heavy goods, long distance 72~9 1.8 70~11.4 72 48 17.2~42.9 X
Temperature-controlled goods 45~6 2 251~29.0 N.A. 6.2 10.7~28.6 0~12

Notes: TCO = total cost of ownership. ZET = zero emission truck. VKT = vehicle kilometer traveled. km = kilometer. BEV = battery electric vehicle. ICE = internal combustion engine.
CNY =Chinese yuan. GVW = gross vehicle weight. N.A. = not applicable. x = no data to support the analysis.

Source: Authors' calculation.
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Figure ES-1 | Preferred policies by different sizes of carriers

[ Medium and large carriers Small carriers and individual truck drivers

60

Number of carriers
83

]O I I
0

NEV purchase subsidies
NEV operational subsidies
Reduction on road tolls
Reduction on loan costs

Economic incentives

Note: Survey respondents can provide multiple preferred policies. The survey conducted to large

vehicle. GYW = gross vehicle weight.

Source: This study's surveys on different sizes of carriers in Beijing.

According to the foregoing analysis, comprehensive
policy recommendations for Beijing to speed up the
adoption of ZETs are proposed.

Promote ZETs by duty cycle and avoid
competition between BEV and FCEV
technologies

In the near term, the duty cycles that are ready for
large ZET adoption include LDTs operating in the
urban delivery duty cycles and battery swapping
tractor trailers deployed in the drayage duty cycles.
Further, some heavy-duty ZETs can be tested

and piloted, such as dump trucks operating in
construction sites, tractor trailers used for short-
haul bulk commodity transportation or parcel
delivery, and heavy-duty straight trucks used for
short-haul parcel delivery.
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carriers does not include the option of “increase logistic nodes." NEV = new energy

Policies that aim to promote ZETs should avoid
creating competition between battery electric trucks
and fuel cell electric trucks in the same duty cycles.
Due to Beijing’s harsh winter and driving cycles,
BEVs are fit for most urban delivery duty cycles, while
FCEVs are suited for long-distance and temperature-
controlled urban delivery cycles. Further, FCEVs are
appropriate as dump trucks for construction sites.

Optimize the current preferential road
access policy for ZETs

To effectively promote ZETs, the preferential road
access policy should be improved, including the
following actions:

B Requiring that HDTs and temperature-
controlled LDTs with daytime access permits



to enter the Fifth Ring Road in the daytime be
ZETs and establishing a fair system to distribute
daytime access permits, particularly for small
carriers and individual truck drivers.

B Strengthening the access restrictions on ICE
trucks, such as reducing the off-hour delivery
time windows for ICE vehicles, or even
considering introducing zero emission freight
zones at the city center.

B Adopting a “trusted vendor program” for
receivers (such as fresh food products and
retailers) to improve the effectiveness of the
existing off-hour delivery policy.

Relaxation of GVW restriction for ZETs

The city government should allow ZETs driving
within Beijing administrative boundaries to be free
from penalties if their GVW is 10 percent overweight.

National government entities such as the Ministry
of Industry and Information Technology and
Ministry of Transport should consider amending
the standards on “Definition of road freight vehicle
oversize and overweight” and “Limits of dimensions,
axle load, and masses for motor vehicles, trailers,
and combination vehicles (GB1589-2016)” so that
the maximum GVWs of ZETs can be increased by 1
or 2 t if not exceeding the maximum axle loads.

Subsidies for ZET adoption

For small carriers and individual truck drivers that use
vans (registered as passenger cars instead of freight
vehicles) for urban delivery, allow them to keep the
current license plates for the vans (because Beijing

has restrictions on license plates), and provide around
20,000 Chinese yuan purchase or rental subsidies

to buy (or rent) electric trucks. Further, the local
government and auto dealers can organize ride-and-
drive events to draw media attention and allow these
users to be exposed to the technology.

For public entities such as city-owned enterprises
or schools, the city government could require public
procurement of ZET services.

To accelerate FCEV adoption, the Beijing government
could encourage more city districts to participate in

the FCEV City Cluster Demonstration Program (at
present, 7 out of 16 districts have participated in the
program) to allow more FCEVs to be entitled to the
City Cluster’s purchase and operation subsidies.

When using public subsidies, the city should

refrain from adopting large numbers of subsidies,
to avoid an oversupply of ZETs and intensification
of competition among carriers, which will not only
reduce the revenues of ZET carriers but also worsen
the TCOs of ZETs.

Expansion of charging (and parking)
facilities and the hydrogen refueling
network

The Beijing government should retrofit existing
charging (and parking) facilities while investing in
new charging and refueling stations for ZETs.

B To retrofit existing facilities, the Beijing
government can provide subsidies to charging
point operators and utility companies to
increase the voltage and power outputs of public
charging stations, elevating maximum height
clearance for vehicles to enter charging stations,
and adding ZET-only curb parking spaces and
loading bays around key destinations.

B To install additional charging facilities, the
government can provide subsidies to charging
point operators, parking lot owners, and
utilities to build charging points at major
logistic centers and wholesale markets.

B To expand the hydrogen refueling network,
the city should simplify the land-use approval
procedure of hydrogen refueling stations,
increase the supply of hydrogen, and allow for
distributed hydrogen production (particularly
within hydrogen refueling stations).

Increases in urban logistic nodes within the city

Having a sufficient number of evenly distributed

urban logistic centers is crucial to reducing ZETs’

trip distances and payloads, thereby increasing the
likelihood of ZET adoption. Therefore, the Beijing
government should increase the land supply for logistic
hubs located in the city centers (at present, they are
located primarily in the suburbs), particularly planning
for mini hubs and urban freight consolidation centers.
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B 1A PAURFE R TR F AN, Kk & SORAHE £ AN
24N EFRRANIEARAE Y 35 B RAMNEF b T AN . B 2020 A, BRI RS AR A AN L ATRGE R AMER I, B P AUR R AR ANE A A
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2.1 ARIR

AXHRN R AT TR L ZRHIIME LT
HNERTARBERAZ W, REFILRTBEBLRFAR
BEgEit 7347, 20219, LR AT B LRI M SME TS
HEASETHREREN12%, XEDEERHNRH
ROFTEBERBEUCERS,

fiﬁ*iﬁﬁ *E?E «ﬁﬁ%/lltﬁaL/'LiL
KARER)Y (GB/T 29912—2013) (FERFREKL
BREKERRE, 2013) S5CATHREBRAMR
o) (EkBIF) (RERET W%, 2023), W
TYREBREHERE FERE (S4ARE. B
HEE), BLEFETREVE. SHERESER K
MizE, ASCRRAX—BE, FNATERRK

AEFMEBAERATE, BTIERTRZRAZ
AR RIEERTEFNERUZRRFHIT2018F K
W (LR AR EEEINE) (R
(2018] 255 ) (EHHTHERARZRESE, 2018) &
K, ALRATHEE BT N FRIBUR (00 Brhis.
MR NEEERERIGRS ) TEHNARFNRE
TURR MR E, RHRBRBAHNRE I, &
XHAN R RS RAEBHAESKRBBMRE, FEH
BREMNIIAE ILEENAXHMEWAK, BAIRYE
ERTBERA ARG, HEESHIIREEILRT
M BERR, KAt mHREMAEMPER
RERBEPLHLEAREN% (WA 2),

ESE IV,

N/
N

A 2 | 2022510 It R HEE R R ERBE =M

a BRBIGE

SRR ER D 0% ————— 4lEB T 99%

HERS
5N771%

b. PERGE

PR ER M 17% —— —— ZE3 L)) 83%

HERES
577 0%

R BALRAY EARA FHAR B AT B AT B ST

7SR NIRRT RO DT RN



2.2 iR F*

TRZHmZSRANBEFLSEEEARTREE
5, A, HEERBENET B NNEEFTERIERED
SHETIT

FRIGZMMEEFREERAR S M EE D

AXREBHERTE. REFREFTREE=A%
ERETmRzzHaRIRARXT, REHIAREE
Wins, NEBBAME. SMEREAFNEESHET
(2022—2024%F ) HEBERESERRBREELE R/
ARMERE. BIBBEMATEMNERE,

a. MBE RS FE R AR A E 53R

MRERREAREG S THRBMERERRAEE,
WEMBEEAE. BLERES. HERREXST, FEH
RRBEMBERDTIERRERABAE (ERET
K, 2018) c FEIFETHMURY, AXETEETEME
B HBERKEHBENDITFERBRRERARAE, F
WM. REMESERREBFAERITER.

RBEARTHEAZ M, TREFRRBREREFNEH
ERSZHE, FESWIEREE, FEREERTR
HEENBRERTET1 (UTER “FREEEREK”
B “BRE” ) (EFFKE, 2021) BREJE—ERE L
IR BRETRER SR R R AR, s R I R R B A AR
Ko AZREDM ARG SHERTERARNAEEREX
MR EMANT, AR R E B RENE
B, RXRBEAERE. MEN KSR NI ED G
BERBRENRIBEENBRER (MAK15E3) .

DHRFMEFRRETRABRENBRE
= RERARERTREE X HREE/
(MEREERTREEXHREE (2=1)
Hep: G mREETRERE TR B AR
R NFEN RS WVIFEFRE, FEREERTEER
ETEWREMEBERURMERKITERS, 5LV IAR
HBEMBEERIE. MR EESERRBRENETERB
“EENSEBESEYEFRESEEAS” (T LM
ERMABRETVRRF L, 2018), 5V iFH LR
HERIE,

EREHAVIRTFIARS REREBIE S THRELK
PERIFUL BN T

— VERREE SV IEAE, REEHSHERR
BAIERR R B R R . AT RIFRAEHES Y $tiT23
K, B VLR mERMNzES (UH%2) o toh, XL
EXRMH/UBE 200 NEHNAR N ESSMRRIE, THH
BREEZERRASIREE, AT IARMSWAEREN K
RMAR, Fitt, AR BIENAERNEIRE DTN

TRETAEARNEEI N, ITERREREERE
K¥. REEERRERE:

B ETIERRBARMARENTS, DH2021FE5
PR EMNZERL ( AR RBHEENB TR
BRE) o

B FAFMERREERABIRRK BEANAB N EEHS
EfTEERE (oMK ERMNEMRITER. RBREF
HIE), MTIERTREANARR LB AR EEE2021
F7R (EZF) 98 (MF) M128 (ZF) AR AMEE (40

H 3 | BHRSROMEEREERA DRSS SRERE

#hEESTR SR —

R & E R AR IRER BBV L S
RGBT IR D TS B 4B RN BT
FRENERDT, Eahllifik

KPR ER —

(R ETRRRER A EERER)
FRBVEIREES R R, AR A ER AR
ERRDTSEIEME AR, Bllinik

R AR,

WRl.org.cn

BiTRREIE

MRS EE KRR RRT
FIRR/FETRER Bl

|

(RITEWmWERBFEE RS E ZEEH?TE\%EET?E’HEE
FHEAR)RERFREREA BEHSENIES
B3| REE. A% % edlis %



BARRRE. TRNENHE) SEERRFBAE(MER
BHR. BT ERE) .
H EREIE, ABTFEIERVIAE, HRFFETR

XA RIEIEFTERERERAMESEEHRH
KIIER, ERRBEARMARSHERIEDERAE
EERKBENRNRRBEHTLEFDZNTENER

b. g REELAEM L (TC0) iR

E??ﬁ“ FREBAR ZIKXL DITERBRS A
KT, HeERRESEERMEEE—FE RN SR RA

=57, @%T HiZJETa&ﬁﬁE/)?i*fi%—%{kE’J%ﬁ? iiﬂﬁﬁ"]ﬁ
AR ERERRNEHESAR (MAR2) . BT HEREENL
TR, REFRNE WA S EUE, Iffﬁ. KITﬁr
B ARER L iR E S A R SR A 2R

ES MR ETCO
= WBRA + T8RN EIE

HEEESETCO
= PR ERNRE  (MEMA + RN EIE)

He:

B ABIE=Y  [Costosm_o/(1+1)""], BIFIZ 4

Jﬁ$COStoperatian7tEqm££ﬂv rﬁﬂmﬁfm’—?—i, Tﬁﬂiiﬁm@;}_ﬁ‘g{]
fE FERR (Ax2)
%2 | HHEICOMEEEFFRIHIA

Ao, TRREGRATELEZHEERTTE, HTCO#R
BHE—ERHEM. fa, XMEMA. 8RN A F174
2R SRR ERNNEFREZ N, FeeREENIUR

TCOEM—ERENTHEM. APMMEETCONAHE
M, AXSEWuFEA (2015) 5BasmaF A (2023) XAK

Tk, NEREE LA T ANREREDEERED
i, BE R REEVAELNTTE, SRR Za S s T 5
ERNTCORHAHHEM:

B ESEATE, BTHRZ BBHA, AXRE XL
NIBES I EEMER B, B, XASSELES ]
KHRERE RIS, AXKEDSEFR AT [E] H2022—
2023, Z1RiR2024F 52023F 8Lt HATKIEES
BR, AR RITEMNTCOLERIE AT 2022—2024F i8],

B AERBYURILITETE, AXF APythonSLIREFRE
RN, SRS ERERITEI0R, HEES
Ko BT EZRIEIARMTCOLERMIT, HEEIRBUA,
BT, ARSCAARFFRIEFBYURNL 4 RERTR R,

B ELERE, AXBAEETRERRT (MaAFKAE
[ ) *100RERBEEROPAEH#TILE . BTR
TCOZRIEMTF= AT H——RITCOF N E IR AIHE
R, MR ATCOFRNER T MR EERIE BN,

BT IrERMERANER. HIERESRENE 2
MFE 30

KA |SMHEL | use | maw | Frssdm
MAE R | BEHE (kg) | 24 (km)
(kw) (kw)
Bk 4x2 90 N.A. NA. N.A,
f,;:;Eﬁ 2k, 3) 4495 4x2 60 N.A. 81 N.A, 360
SRA 4495 4x2 65 81 22 12 510
Wk iy 4490 4x2 110 N.A. NA. N.A, NA.
ggﬁﬁ b, 3) 4495 42 64 N.A. 100 N.A, 400
S RA 4495 4x2 65 8l 30 12 510
Bk 31000 8 x4 257 N.A. N.A. N.A, N.A.
g z;’; % ok ¥, 3 31000 8x4 250 N.A. 423 NA. 340
EW S 31000 8x4 220 120 127 36 608
Bk iy 42000 4x2 331 N.A. NA. N.A, NA.
gé’l‘; 2h ¥, 3 42000 4x2 250 N.A. 282 N.A, 210
SRA 42000 4x2 215 120 100 36 460
oS 49000 6 x4 331 N.A. N.A. N.A, N.A.
;%vl‘t—*r 45, 3) 49000 6% 4 250 N.A. 282 N.A, 210
SRA 49000 6x4 220 120 100 54 650

B ABFRAT AR AR T T A A RAEA TC0 HHIFed ek, b TR H A AL LI E RRAREAE, IARTROEZER, wIL, thbd) QobFi5] £ 550 3) 49k F7] 547

BER TACKXEH, LERNTHREXF4H,
KRR ERRHCR A TR A (BHRHE)

CNAY RTRIEAMRE R, AMAHE R SALE AR AR AR AR AR

IR IR RS

RIEHET AERIE BT R
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% 3 | BIAEMARBIERIRSEA

HAE R IR
F 3R B R A
S LARE, SEEIT P R EZE EHNAE A5 —F F4NAE, #ARAFTIHAR
it (FHREXRE, BHRE) A FAME, AERFEENR, AAULE—F 100, RE
E ., PP R = F £ 649T7C0
£ 550 B A (FPHRAR LB LMY EHE) (BEH AR F AL F IR BA A A HERE, %
P ey F-%ky, 2018) | (PAEAR A E £ A5 AL & EMELSAR
- %) (BEHSZA, 2009)
435 R
Emang  REA, FRRRAFE R REERD o
e BN "
S EAF, FRRRAEBR R KKK Y ST pd, PE, AR T Ak E RS, AT AR
HITHHT 52 7£20000 ~40000-F K
TR AUE R T E, A SR TR, 4T3 AR
HREANBARE, (L4642 A2 (9000~30000F k) | P24
(35000 ~45000-F& ) A= 242 (72000 ~90000-FK ) .
FATREAR . ) . :
TP EAE G E, AR TA WA, AT E
4FATI0 2 A2 K H35000~45000F K ; HALRE (HGEAE
Ao 3| ) AT ZARHIRA Y, K BARE ISR
A FRNE] (2022) I HKIZ . A60000F %
AXRERERRK, W5 FATI ZAZF T Mo H
BRI AE (K7 MG M, 2009—2022) Ash A bR AT IR Tt kS 4 (2009—202240-K ) ¥k
(T o3hA 0w A8 A & R A 6 ARG, B v s HOA AR T IR (R8T, 28

RERRA i) (KA (2014)1668%) (EIRA & wisc/h), RE KL AMH LR (A, 33 %90/9t)
A 1B
Rt 2, 2014) | AR AT FHRA LIS RME LIRS T, AL AH05~1770/ TR 2 4]
A AR (RHAEE) | A (2021)

HERA (pems) &
FINA TR A X X B H AR A, | Y5 A A SO TR A, ATEATCOTHE
BeRA L LESF 2 BRBOEURR ST LR
i B A
B NEEAR s B (2021) MR B GIIRY, RE RS H
EFITREAE %
W+ E ik

(rFrFREPRFAREATE) (K Wi A8 & AR R I R — PR E (4h) ADKTR, RAELE,

PERR S EARA, 200) T XrEBELH
HE Y

SRAE £ CET IR B A, Z 36, 0 A 6938 ) ° % 8 2| B K AME T A AR F 1w, ALEIEME ST
AN (M2 (2020) 3945 ) (M EEREF, 2020) 7=

(& F T2 021—20224F 5 e 7% 7 ik ok &, o7y ANIE @36 b T T BANEfe K 2% R /AT Z2F R K
A ETE M AR BRIk B s (R TR X 6 K A (L D)

124 (2022)29%) (b7 T2 FFolz 8At

2%@2%;,%Jw%%<k%zmﬁiﬁﬁﬁi%% o
“h b A7k (0225153T08) ) (R FRSERA 7S
: BHUAT, 2022) . (EREFHATF LR ET
Pt A T B B A R0 T H56)
(TRZFHARATERERERS, 2022)
(AT 202120224 A kA i A B 77 AN 6,35 A6 % T T BANE A K S K 69 R B AMNE (
SMHI E T T R AR E PIReiE 4e) (RRIEE (2022) LM )

BERBEE 295) LETEFTF158400, 20220) . (K 2
Ah b SERAR i SR 2 0k K AT Ak (200244557
B ) (LR TRSLR AR BT, 2022)
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% 3 | BIAEMAEEEERIRSEA (47)

w9

FHRET (T TETLFRRE T LEENE
BERBMEA FHEHL) (FTLEFFE L4
F|sE M A&ANNE By, 20223 )

AR A AL

S I A

B 77 AMIE 636 b R ZANE (L SRT)

WA H 0 EZARIL SN, Rt AT

Z 44% A TR

A Ak B A

E N

Bh 7y A R
Y

AW EHF R R, 65 FRECE L, AT ORI AR A
e o & A7 48R Y A A% R F TR A 65

AR R, IR EGIRLAS~8F, Bz hH
W KR & 3 09 3 R AR R PETCO S

S iEBE, KRBT M (BmARE) | A
AR E  AFRMBE (PERGE)
5 kh it &
S

sTHT AR MA G, A AT LA, #akRAE
RRIIETE A FHIES IR RR S 7 TR ATI A2
ERESAE, RGHATHFARNH R R EHARE
sTFAR R ER A, BT LAY, A SRR R T
AR AN

IS

Phadke4 (2021) #e= Hunters ( 2021)
I, F

W X RTEAARAK I ERAA
R AEHEL

REBEAEGRMEEREFRARS AR
¥anEEIY

I ER E, ASORFNE T (2022—2024F ) BHITFR
ARRSM A ZBRF R BURTEE, HFET
BHBRESTH, ST ARIZEEEER S (KR E Y,
MERE ) SHEURZE R R R, BE IR B H RS
I BUREW

B, AMRET XA, RIBHTEENEEY
Txtizf R B R ERNBRER, M
R EME/EEMWE. MAOABIMITHERTEML L
BRI, EE R ER B/ MEEM R, RS
BRERAATERES ANH#—TEENMNARBR

(BRE-—BRSAGEUR) IR EREEERES
STERREEMBERANYR. A, AXET LR
BRI ESERERETCOMETTE, K& KBUR BB X #
BRREBRRRYENIRAEENTCOM A S 1277
FURTAMERBERNBENE, RYREHERE
SMmBEETCOZZMRR, BLRRANRMBEASR,

B TFRES LA FSRBFRESZHENE, A, AR
RAT%E MBI E AW HE, KXRZ B EL> A, B
RE R ER 4 b 3% SRE 3 0k ILF 69 %R

HR, AXXABRSHRAES “——" HIRBEEHTT
%, MEARARNEE SV (BFERKEA E=ZTYRE
WY AMEREEN) FRIAZE, DirEh b BEEFUHE
FIFR, FES AW AREFR, MR THERE
FTHEREEBRBUNEN. RARSEESHRITER
RN (FERB%2)

B Z AL T2022F12AFE, BE6GRFARFE
ZHRAVHRRNLE, EEEHREE, BEIBX
BlE60 (BEXEHN80%, RESEEH15%)
( Cochran,1977 ) — & RAEFEHBERGT A
L9 R) B HEBRTE S -

B ZTAET2023F5 AL EMMAMR =Rt AT
TR, @it #4447 77:% (convenient sampling) , 5
IS ENME PR RS, HE 24005, B0
Hh20M (BEXE)A80%, RETLEN15%) o

B % 58+ B EER B E R AR 5 A ARk
EBRIFR, MeEHMEREREERERNMME
i SAAEBRNATEES,

IR N HRERE R ARSI Dt K I






/\-/\——

E=E

\_ZIE iﬁa \T \

TTﬁiﬁ%aT'xﬁ% SEFER EEAR YRR EERT NWEWET: —2K
ﬁ‘t HHE i?’&l‘z’%ﬁﬂﬁ%#.ﬁﬁ%ﬁ?&ﬁﬁi %%Ekﬂ‘ﬂxﬂ(¢%7:Jm§m)iﬁﬁﬁbmmiﬂ’ﬂ$i%
aL.fTﬁJ\’i‘Eo AKX, ZRHFHEDDE. EABESER, ZEFELE. AATMERSHO
FREFTRER=NHREE X, BN RRENERESEMERTESER. A
I, RARBIERT 18X EM D AR I, ELEMA

EEYSEFHE, £ TIERTBLARMRRNS #EYM=((N*K4).

11, 2019F L Z A iz B K R 2L 3120, H K181
KB, BIRoKE R EBSSKLE AR (WFRe) o

% 4 | BXEE.EMEMSEETNS EKE

Wk ¥ % 2 ?) Jb 7 18 2 A G
k. ZAHH 81014 £ FREMA. KRR WSk 64
B, BmAmRRA., B FF B
4 RE N 481 ~ 561 A, T AR
(B h &R ARA 360 ~ 481
>20kg/m) B 240 ~ 360 LS
HARIX A& 192 ~ 216 HARIX A&
wFAE (B, KAEF) 168 ~ 192 W, AL R
XN BT, ERBF 128 ~ 144
éfﬁé N RALE - 112~128 H A e, RIRAL 85
m®) GRS 80 ~ 96
BT Kblse. 2BA . BHR. EARF 16~ 80 Heidh | RARHE 5
R X X ARG =5, B2

B AP, BT ERRRY T RA T ER. WHEEROEDDREHANA (NFTA) SRR EEGEL, BERKTFT 20kg/m’ 695045 €%, A
AT 20kg/im’ #9584 A BRI (P EAFERARBL PO T I, 00) o BHEER GRS ERA4E ) A T ABR aiE s A ki,

kiR W5 Wi E A ke £ BB RWEY A2 (National Motor Freight Traffic Association ) *FZieftizik & ¢y “E K44 2% ( National Motor Freight Classification ) ™ ( National Motor

Freight Traffic Association, nd. ) .

IR N HRERE R ARSI Dt K I
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EEEFRAE, AXMETERTERELE TS
FHEHELZ IR ERE,

B, AARMNERSVNESRENER G BEY
FET, ERTERNBHREBESHPERRFEFL G

B AREEEES, BT LXK “FAR M@,
THSEERTAEATREREE, TN, BAlE

RWTRZNEHEREREESFUNENNTESR
ite REYNDRMMEILRT BB AR EERTT

FHEW, BREBALFRTEEEY (FMEF) )L
45T ENTNER, BBV IEREUHR
. PEHAFTHER, BRZT, AREVRDSNE
& (kYA ) SIHBBEERENER, Af, XA

FRRERXDITERE (LE 4. BE5) o

B AEFERKES, RELETRITEMERSITHIE
FIAE LB (2022) Git, 2021%F, ERERWINERE
EhE, HEPSRRERBFEFHN L H83%. 1
BRzT, PRKREREERD, RA1L6AH, Y E

BEERBETALEARR1%, SAERCEEEHE,

B 4 | KPEEWRIGHERERS/ EMEMEREENENER

a ERAMEETNER

RBRARE
BRHAE

. mE

B ARTRESREAEL,

o

20 30
BENEIEHE

R AR AT AT IR A Ak TR AR

50

b. iR/ EMEMBEREEE HER

RARE

+

. PmE

FHEBS|E

o

10 2 30
WENTIHE

B 5 | AEEWANMER RIFHEF IR CUEMEREENENER (B I HE)

a ERAMRETNER
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|

o

10
BEENEIEHE
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HOR, AWt R x20214 (% AE % 570 8 & 69 H 6E R
AEERAZR) (LUVMERMLR, 2021) WA ET,
2021 FEATZHEEREEER g 5 TR

(BXEEE) FHEFSIFE ERRHRESERRER
FAT AR, BEEHE. PERE (SREAE. B
AEREESF) . ERSREBRENRREELLED, 19
HI5FHUT, MAEAXZB BT ITER, BIAEAR
IEHAE R TR T MERS S (A 6).

B 6 | 202 BERISEFRBESRIT (RO FRHE)

a. BB b. BYLR
500 100
400 80
OB 300 0 60
B [
HE 200 H 40
100 20
) . n . J m B
dieBnh ARl #REBIC | 4iEBnh) MK | 4iEBnp A==y JRA arf==pay) AR A==y
Bt 4hEBnh ==hiu] =R ==
@ E RS B LEHAE =kl RS
R e
c. BERIRE
100
80
0 60
E
A
H 40
20
0 1 1 5 &
e EArg=shay)| JRR ari=sha)| e AR Earg=sha)| JRR AR
A==y ==hiu Earl==pay) ==hi ==hiu ==hiu
FiEEES5|E BENRE LBEESE R

15
2x8

B REMREREGLRIT, REHCRXREH A, fd@, PEERG G,
KRR PAEARSEE LA s G4 AE (Aol BALI, BIRIF)

IR TS TR R AR SE O AT R 15



AXEHHEMEENEGAREFRSRELK 5. ETIEERBARMARNEEZELNEES S
Wi, ERMEEREREFTEERARAT:
HEETREEFE, SO ERNZEFEEZIHTRIRR
EE5RGRBRENBRE, LE M REE 2B RA B #m. PERNETHERE, 2 T40000T KU T,
(5 6). BERTREMNE, REATRERSFIYERA B4R EEREAREREEERAk. GNRE
—LEERTHELMXRY, BTRUNERN, KXAEELL 9000 3K, KHTJE60000FK, EZE9o000TF K,
EKER, MEETHEERFRITEEWETE ER,

%5 | 00FESBEEFRHREESILS(RIEFRUERNRERSFEERBR)PHEREEFRRIT

20214 fE LT T A o e
" R B HASHBIRE
f%ﬁ{if‘f"gﬁb T ‘Vl' 7J7HT ‘ila
A &
A A <18 . x it A
A & <18 o x (RAZFD)

wmE, va
o RiFA
BE (fRdehr) 35~ 45 x (%#%y)
" RN
A #A S aR=dE 1 (iERED D)
A 5 &
LBHRAE 45~12 1 .
A RN
A 4512 29% i (RAEY, HHAED D)
EE 45~12 5
EERRTAE 12~31
FHENE 31~49 192
. 14.3%
B #AF 16~ 31 126
A E 14~31 10 THN (FRBERD)
B 2021 - (RAEE M BEAGIRBAEELAR) PAEHRBEREERNGE T RSB LRSI HNAE. HE, PEAE, WERAENGLIT. “X7 ARAIKRGHAEER G
RBRERNT,

R PARARERE T LA EAHRAE (T RAE A3, BIRE)

%6 | BEATHREESFTREENXA

AR RAZ . K AT, 5
EATRERY, A REIK EMITREANS, RARERS
@ FALR A FALRA %
AATRERE: K D5 A AR U5 W A AR A
O N W N - BB RARH
EEATRERY, BARRIK EMITREAKS, RAKERD
- 3 AR A AR A
DL T B ki £ AR E K T B ik A RE K T
- R A A - A A A

R MEHEL,
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B SARENESREREBEEGMRK. foaaH
BEFTHERMBINRE, —M 436000 ~60000T
Ky BEARES¥EFSIEETRERREK, 2&
60000 F KU ko

%7 | BREGEFESWTR RIS

R, GEREFL RN ERETRER, ARH
IERTR T RiEERA RS M2k, BEEHEEE8EY
= (W% 7) SPEREF4ET R (K 8) . EHERHN
=, ATEEIEH L. FTRERERATNHEN,
PRI, AEZEFESSINER, (EABEISFINER.

R b F 128 A

IS IR B #7 R IR T K 4R 6 kR

BEA . :
| *ﬁ% PES - BIHAFRLAE. 100-200km 'gﬁﬁééglﬁame
- H47IE 2 A2 20000~40000km ¢ 5 FATAcEA=: 100~
e ™ EEE: 05~ 0t
M E B F A @A T T AL B et
A H¥iEk. 1~2k/8
—71': }"13"‘ P o °
2 fai};j‘) - B4R 2 AL, 30~100km < RIEEHE . 30 ~50km
- - 4TI R A 9000~30000km . B 34T3R EAZ. 30 ~100km
- EERE AR 10 ~12m°
B G HARF A m AT T A H AL B ebbeiE
mpy TIEE CHHEER 1~2K/A
3 Cnna, ¢ BATBCEAL: 100-200km . RIIEH: 50~ 100km
- - HFAT32 2 A2, 10000~60000km . B 3473k ZAZ. 100 ~ 200km
- EEREAE AR 10 ~12m
MRS KE5m kit P o @R T 5% P
WS K BB E
. KEZA e
4 ﬁi’i@; CRHTRTA: 200-300km - HHER: SKIA
" 4. #4730 @42, 60000~90000km * AFIFEH: 70~100km
s . 2, ) E3N ~
45 H 39475 242 210 ~300km
2A C EERERA AR 10 ~12m?
&8 ) . e
%% VNGV AN G o S By A E S R S R e N PR A
F4 s 2 AE - B3EKR. 1~2K/8
5 sy BEATICEA: 30-100km CRIFEE . 30 ~50km
. CATIE A2, 9000~30000km . H 3543 TAZ. 30 ~100km
- R E: 14~18t
MR E 38 S WA 69 A B ) b TR T AT AL S B A MBI
v  TFEE - B¥IER, 1~2K/A
6 Cimy 7 HATIREAR. 100-200km . R3EF. 50~100km
- HATBE A2, 10000~60000km . B 35473 ¥ A2, 100 ~ 200km
- RBEE: 14~18t
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4 20 | BRRICEHRTHAE, RiEECXEE, NEMEEREER NRITAERSWE

- TRIG i@ ATIESL
s BT A #F B AT B e
¥ 18 4T IE 0 4,508 VA s e A o s A =, SRR E
- Tiaaaons FrERETE wmsemee D LUROE
F AR & (;gﬁgfh BATIEAE ik B & B AT
. B 18] e [X 3,
FRBITIEHRREEREFE
il ) SR Y
& %f;ig; ; f éi 100% 100% 100% 100%
E] N
A ) 4% LT A
SR PER %ggﬁ?;’g% 2% ~ 4% 100% 100% 100%
n
EHFBITIER EFPHRBEK T FE
AR FAET N.A. X v NV
7}‘%5@'1554 %ﬁ?@ﬁg’ﬁﬂ% N.A, X X vV
ey AR ) Bk
2 A Bk At NA v % v

H: LATHABRIEEMKT S, FERAMRENE, RERASHEMBEE,
2.8 IR A AIRA R AR BATIEE A P g Bk,
R ERAMERREE, REREERKGTE . LR E HWAYFE, FREFERM
4 X7 RRA Kk XA AARGFEI, VT AT FRAFG R, NA” ATREM.
kiR Ak AT s gk

R, AEEESSRTHIRT, ABRHEEML
EEMNBREZENEREGR HP, £#EEEHSRT, &
THREERE, REBNBRE A4 5L BT FR M
AN AR, FEMIRBEAE N RERSHA R, &
REEHHFT, BTHEF 5MERSHEE SR
HEETCOBRAR K, BNBKKIRS, BEREME
HEBLAZE
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21 | RFRRINEEN FEFRABE5EE S AT MR

2+ AT AE AE G K b B

3t b = F AR o ko Y

1

R RGN R TS

%, ) 5% & b 4 e Mk i
FRRE EARETCOF 142

£ (Fal%) (FRI%)

TCO-F 4,8~191

-3.8~13 4.8~19]

1S AR B A 0

Mo SEFEAR R 4 3 5
LYY R N A
ARETCOP sz 2
(ATI%E)

TCOF- 4

TCO-F 4

X Ho AT A G e B

P = F G kid it £

450k 82 A %

Byt IR

B, PEFEZE

B, K24

By, KEZAE

TR, LR

R, PEEE

TR, KERE

Atk

1

15

12

12

TCO-F i 4,8~19]
06~66 4,8~19]
-0.2~41 21-143
TCO-F-#r 8.3~214
-26~29 172~429
101~15.0 172~429
50~9.7 21-143
0.8~56 8.3~214
70~114 172~42.9
251~290 10.7~286

B AR AR RSB T, s it £ PR RGBT ~ 20, EMFTIERSF 3 FRF -5 TIEA 50%.

Rl At

WRl.org.cn

TCO-F- i

0~4

0~2

TCO-F 4~

TCO-F

TCO-F- 4

0~8

TCO-F 4

TCO-F 4

0~20



T3 | REREHEN Y EMSEREE

304 F Ak, bR T —A B R A B E (0ff-hour
deliveries) 4 £, B AY X% B 84T 69 5% F 817 B
o AR B i A A TR %2 B A AR A A Rk a1 B AR A
FHEA, B By TS s b AR A B R, A e
24 A SRS B R332 72 3 (Holguin-Veras 4, 2017)
o ARIELRIT, L1297 B A20095F-3f ) AR BE. it ORIk ——
PP S5 4 b B 5T B 18] AK B JB) 3 e B B, 78 265, 1B
4 b 30K it 34 B 1] T AN G 294854k, TR AT HE
ST AEA%A45% ~67% (Holguin-Veras 45, 2018) .

AR AT R BE £ SR 5 F . 355 AR K AT Ak 8
BT RA bS5 @Ak, FRZAKSE, dTF K
T A AT A B A 6 75 A £ B8 0 6738 A b R BH A FRAT
b, WA D E e R W R BUH B4 A . X - SR A B
FH AR R AR, BIABLEAL A R, ABF R R 60— i d b
L E R, b TR S8 AR ARk 36 26 AT,
WBATEN B E L AL FiZmbd ey A F, — S TBITIEME
A b A 38 R BUiE AR ]| AR ATIE . BB A
Fat, AR AR AT A Ak 84 B DT R

AT R EE , E R IR 6 2 e —— 4 7 2 @ DIt
Sk th & 22 80 B ARSI R R, AT
AESE MO A b e T B AR e A1), 2R A B BUR FE R A
XbEaFF, A, BIRRT (e ) 2K T—F 5 #k,
SRR A Al F ol B B ] R BB A ], L AR AR AR A
— RV MR B IR S AR F, SRR
T, “RINBAZEAR R SR 098 B2 Rk B %,
RS, BB R” R EZR 4k 5741 e
B R TR, T8 Todk mA; R, 32456407 ¥ 8 5

BRI BAR TIEREFIUAERFBHD

A, RELABERNTESRRES, Blas THERR
EE5EGMMBRENBRE (SEHAWHMARRN),
R TEEAVEERAN, MBHNFEEEELERS
Ko

BRFERRFEHERERIANEINREZ—RES
MERRERAATSRE. AEHRF L, ~£ERSHKX

JEFh, B RO R G e St A b $R 44,863 ~ 33,139 & LA —
RV 2 580 e 2 R 4825 (Holguin-Veras 45, 2017)

B, RO A A BT A A ek
BN E L, AU T TR R 5 5k89 27 @22
BITRRTHE, 646

F—, At E R4 L, ALK, KR RE A
KRER”  ATKRRALZER. REZHAIEAR, 25 H
KA RGBT BT L KRBT RE ST
W, BaF, i TRZMAER B, ALY POSRagh
P REHEZ A mAS KT (Rensselaer  Polytechnic  Institute
%, 203) , ERZFRAAMBRAR S E (LR E KT
T AR B R AR, 2022) , X35 4y B ROME A B
B ARG EA L (Ao REFF/71k) SR A AT A
VEA RS 0T & .

=, R TREMERSL, FRIR BRSO LH
BAEHLE . “RIAIRAZ MR R 89 3R K Bk A2 TARIE 1)
W T B A AR “RIABIDEIRAR” | B4k
BRELEAZE, 15 LTm . R Z S, $I2RS-
AR5 5 B A W] S S b 7R B A% 69 ST SE P BEAT B A
RAE, HATIE RS B AT TR, A AR S0 U,
LT A b 28R, BT R AR, it
¥ RWHHER B RTINS,

F=, BRRMERZRFSTRREEGY R, A
AR B 4 w2 TR ST e R, R
FEIERX, A ABORR 5 a9 AR, AR RARR 7 50 K f7
B, IRF AL R T AT IR R AR

(EEMFREELIMNAMKE) EHERR, BFHERRE
ENRAAFERERERS 1 ~2ME (NF 22), ZER,
HRBEYRE®HIET, MAERITE. STABREY, B
2022, MRERLZRERBIESREN% ~10%,
TATAS CTEEAAREZESAH THEZERS, 2023;
TIAEART, 2023) ; BRX—ERKEH X HEER KT
BARGFHERREBHBALTRME T EA,

A SRR 30 77 B FF R VF T 8RB E AN 1]

BRET
BT RSRIE 0%, TFH. X—HERHE
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REAERZHHRT (HERERKMSE) HER Re507T/F. BRTBNRMA L~ 1T/ ENHEEFSR

K, M1.2~1.8 TEZE1, FME/ZEW, ARV EUXIELER L, B
REFERRERAATLERE (LATFHERERENE
RiZERTN, EERERIRT, 48345 LB REETBIRSRELIO%), SBRRERGZHERK

RESEGHRABRENTCOROEM I~ 11T/ ETHEE ETCOR MBI (K 23) .

% 22 | REMEREERARLITERENERES

AT 89 BRI SR F

8 2019 (el Z2dm i 10 ) ST R A R 4, 3 v i 22,00055
AR 43 6, I M (California Constitution, 2019) (£509t) I K AFERE
- B (96/53/ECH5 4~ ) TR LS, ¥k Hone EERH;
( European Union, 2019) TR 4, 3 e R Bty B E IR

BLAA A AR B Ik M U TR HEAC A B 1540 A R HEAE AR XM B T AR E AR R A, G es R, AR A RS YREN N FME; BRI EMEA L E
dmfe AR 4
B R HEAC A A S 0 S B B A . BN F A S = RALBRHEACE T 1g/km 8936 0 IRA S A F 4 BRARIRH R AR s b £, SRR A GRS N ERSL, BAER
RAE, RACT AL MRS E

kiR . AEEHIE California Constitution (2019 ) #= European Union (2019 ) #.2%

* 23 | RIFHEEREEBHI0% AR EFENES BAE MRS

RAFFTRE R AT A 210%

sh B I F 5 1 ke
% % R B BAZEKTCOF

R F 4R A ERI0% 5 4k 0, 3 5
F 54%y B E R F 2AZ
BICOPIsz 2 (F /%)

AAA RIS | A A B10%4) AL

BE £ (FAIE) AR & (F%E)

ST E G BT E 1 TCO-F- 1 NA, TCO-F-#r
A= F g kmtE -3.8~13 1 NA. -3.8~13
P AE ARGk E TCO-F - 1 NA. TCO-F-#r
= FAE Gk E 0.6~ 6.6 1 N.A, 0.6~6.6
Byt HER 1 -0.2~41 1 N.A, -0.2~4]
B, IR 1 TCOF- 1 NA, TCO-F-#r
B, K2R 15 -2.6~2.9 15 NA. -2.6~29
B, K2 2 10~15.0 2 NA. 101~15.0
TR, L2 12 5.0~97 1 48 0.2~49
R, PFER 12 0.8~56 1 48 -40~0.8
ThH. kK2R 18 70~114 15 72 -02~42
Ak 2 251~29.0 2 NA. 251~29.0

W ATPHEEHRSALEIEY 0N T, NA” RFALBIRAHAR AT T =AY,
Rk HEHHAL
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B AFENALESEFR#, —RHETEMERERR
BRALE, —7E, BT EHbYEZEAARSL, Al
T fE AR, EMAE. EMREFRE, TEERERR
B B—THE, HEAHFTBRMNEERSHN EETBR
RIBAE, SBEHESAHATEMESTRME (A 18),

RGBT ERTEMBEREAETNEE, FEAEX
MM FERBERTHIE, BFIFTEINEK, EINRFTHE
HE, TR ER/ BREFENNTR, RRxTELSR
HREFXBEMBRAOBERS LM, BRAEHKE
FEINCR S

H18 | tEFREGEFEER5202FKHBIEDH

AXRE, BARERTEEMEGEBEREYTHE
S FN R E AR B SR ERE, THEBTRERE
KERGETERBEENERE, ME4ATHKER
XA, AXBREZERE DT E150 AR ES30
SehIEE AR, SR BENBREE THKo.2; A&k
WE, AXBREFEKERGET, SEHMNRENERE
HTEo.2, EEIRMNE, RAREZLEMEHES
KM A THRRAERS & (EHME, 2021); T
AR EFBERROLBAR, TR EHBEREBREE
ZTCOMME,

ETEREBE, EKEBRHET, BAZTEEMEE
BEXBEHTHRRABNEREKRETCO, LB 4.5
MEBEESETRMBRENTCORDB THEAST T/
ZE, B4 5ME RSB ES AR BERENTCORR
B TEA6HT/E (E 24) .

2 LR NSRS

b. At mTH2022F K ST B 53 %

W b, FE, REMRREATHG RIS, TP, &Ik

KR BRALGE AAR G ST B Ao T EGEERAT TR AAE AT AT 2022 H R I3 A B R B AT S KR RS AT
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* 24 | REFTBREMZENARDEERRES ZHEHETHTM

TEF
Ak

4o 3h 5 5 5 b
HRE | WERRZAEICOT
fagz £ (FRIE)

TE LA | TE b ARG b 3 5
HJE WA R | B ARGk 5 & R ) AR ERTC0

By Fk

RF

ST e E A Gkl T % 1 TCO-F-#r 1 NA. TCOF
b b F- AR ek ok i £ 1 -3.8~13 1 N.A. -3.8~13
2 AT E A Gk i Y A 1 TCO-F-#r 1 NA. TCO-F#
2 = F Gk b A 1 06~66 1 NA. 06~6.6

45k 2 R B &
Byt R 1 -0.2~41 1 NA. -0.2~41
B, PEFER 1 TCO-F 1 NA. TCOF
Byt KEZR 15 -2.6~29 13 48 TCO-F-
B, K22 2 101~150 18 48 53~102
TR A2 12 50~9.7 12 NA, 5.0~9.7
TR, PEFER 12 0.8~56 12 NA, 0.8~5.6
TR, K2R 18 70~114 16 48 2.2~6.6
ik 2 251~29.0 18 6.2 189~22.8

W APHEEHRSALEIEY 0N T, NA” RFRALBIRAH AR A ZH TS A Y,
Rk HEHHIL

BERAE RAATRRE. TEHMEREERTR/MEEMKRER
®) ZRENYIREXNEE, X, AXUABER TR IEN

BT ARBEREINF I RAE, X5 EHER KRR A R T IR HAMBUR (R M s R BT
BEBRESEHBERAZEFNRRA—, A3#HmN L TAE EEAG) 1B ERETRIE, BT, ASCALIH
ARG BEAEHIRET T Hp, REBE (WL M E SRR ETCOTMN AR, T EX LA
PO BT HT R IR BT AL e BE AN BUSR L R THIBER 52 E (RIS ) o RIBIZTESEM—BURASRHY
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B—, GABRT, FAABRNRESEHR AT
TCOFMNM P BHIBUF AN (BN REME/1ZEHNE)
b 2HzwpET, MELBFME, LENEED
BESCILTCONAN; NAEEERLRERELRNTLE
(A A2 AT/ ERXRNS128 T/ E MR ) FeeR T EM
B/BEME XUH, ATABFMEZE, ERmEX
BB EXME T, MERFEFERERT, BFMAL
BEATHEERELEBENEER. REFRERER
AAFERE. RENEBRRERD/MERMEEF.

B, BRAMNOIREER, B NEERELTR
HEFEERAFEREEHTHIENER, B2HESH
REFEBRERERNEE, SBHHENHEIR. HE
BREZEERERR. MATREFFRA,

B=, TARMIEET, MAEBITHRIREER
FENBRNREABANEESERRMEETCOEE
MBREAEE REAHRMIERTEEH S L EESFEE
MER—B(NE4.27) o X, BARIERTHE HEE
BREBXBMESMBORAS, BN AABITHEREE
MEBNBERNEREMHERN,

% 25 | MBEERASHABEEERES RAEMRAEHITM

FIRE L B T 5 B A 4
(HAIF)

SuHNEL
Bkl i &
R E) EAZFETCO
PR £
(FAI%E)

&

x LA WK & 1 TCO-F i N.A.

= F Wik & 1 -3.8~13 NA.

X e AT MR & 1 TCOF-#r NA.
Xt = F MR & o 1 0.6~6.6 NA.
45,32 ) B
2P, R 09-3 1 -0.2~41 N.A.
ﬁﬁgg 35-45 1 TCO-F- 4> N.A
2%, K2R 729 15 26~29 N.A
B, KE2E  72-9 2 10J~15 N.A.
FTh., EEAE 09-3 12 50~9.7 48
FH. PERRE 3545 12 0.8~56 48
. KEA 72-9 18 70~114 72
Tk 45~6 2 251~29,0 N.A.

REAA

ERRAFE

TAETCOZ F oy | o i
Fo 5 i, 3
%&£ 5 g
FEVHRIBAE | AR EINAT | B AHTRRIRAE | HK

ES RN BN E | PN £
B ik e A B A1 (I l%E)

TCO-F 4~

N.A. X
4,8~191 TCO-F
N.A. 0~2
NA. 21~14.3 0~2
N.A. 8.3~214 X
48 172~42.9 X
48 172~42.9 TCOF 4
NA. 21~14.3 0~2
NA. 8.3~214 X
48 172~429 X
6.2 10.7~28.6 0~12

B NA” ATAIBRIZBERRLZDTZAY R, X7 ATEHFREEAMSER L.

KR AR
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1, BRARBRNARME LV L ENIEREER AT
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FENBRS LB EREEWE /EE N2 B R H Y
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T, MRE IR EBITOEN, T USR5
FME/ZENM. EEFRTE, BT HEREME
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Mg e VS NMEATE, KRR ERE
/EE. FENEREERD/ M EM B, BN
BB NEEMERREREZNHMIEI. £2 5 - A

BURTTH, N SR P XA AR, EXRITEFH
Bo FEEFMMERTE, ATILRT2020F HAHHHE
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MEE S A BRI R i e . AEMNIBR T |, NSk
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BEJRUR 2 Y T I 4L 5 T BB IR N B TR I B4R AR Y PR 1
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EARENSIEE DR I, A EERRERHFE
W= T, W FTRIMEREENNARE, MRAEERN
Wirizh. EREHREMNELSE. FEFSIRENDA
Bihzh. ERRAENRE/RRMBRNESEH, &
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FOPRRE ERRSEERENSRNS, BTHERRE
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HR, NREHRFE, SIMAEHNETESSRAE
FrEERKRR, EAEMW, BREBRNEERE. &1t
RTEEXMHSEEILT, BRl, AR AERYE
REHBBRENHTRED S, SRR EGHT
EXFKEESRESR. ERAHRKES R, ¥EFS]
BESHEWAENTR. BrzhH s B, NI
HWARE AR, K TFTEFUNBRSME.

RACREE I T RE R ST ZE (R ST BB AN R
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B SRARNNERRESVEFREES: BRI
ME RS W (S KRR M. FEFTUHNR L
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B, MEcEEE. BT L REBTFES.

B HAHERRERNLSE. EXFEEREELTR
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Ko, HEARE21[BFE-R6S, T AFERE
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B REEGMARERTT: TRBRFIERKBEERT
i) 5 X SR, FE S0 RBRGEARX/
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REMEREERAKAFEHE

AWTER, BWAERT (HEFZRBX ) HXHM
MEREB—IEGR, MATAEERT (S RERBX)
SERIMATIRMETREREE, AHERERERBIMEN
RERE10%NIERLT, RF4LE,

rEREE, TIYMEELE. KBERTNEEFR
SEITREI R EBRBEBRIRAE, 11 (ABRIzEHEBR
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