&#1-3

AEH(CETBICCTLUR—MMIDINT

REBEQORANGERREICHE T -#a% (E3E)




EOIIYYavhSyIOAANLBZICE S 3ICCTOL F—h © E1xiEd

I . Transitioning to zero-emission heavy-duty freight vehicles

(M.Moulak, N.Lutsey and D.Hall, 2017)
TOIZvIa> bMwIFEOREEERAR. EMIAMUCO2HIRZIRDS Z1L—23>

— XIERELAMT 1 EV (EITHHEE)  FCV. T1—tJL. HEV. CNG. LNG

—BElh573Y : KiEEESYS (Class 8)

—RBEIVY : 7XUH, 3-0v/ FE

. Estimating the infrastructure needs and costs for the launch of zero-emission trucks

(D.Hall and N.Lutsey, 2019)
TOIZYIa> hMovIORFEEIERAR. EVIENXCBERA YIFHRVCIAMDZ1L -3
— XISR$TAMT - EV (BEHRFEE)  FCV. 71—

—Blgh73Y : BiiXb35v) (Class 6) . EiEE#ENSYY (Class 8) . 7 FH&EmXE (Class7-8)

—RBETIVT : HUIALZ7MNOB I AFEEOHHE



I.

Q =2,
Transitioning to zero-emission heavy-duty freight vehicles = BLXEE

I.

Transitioning to zero-emission heavy-duty freight vehicles

(M.Moulak, N.Lutsey and D.Hall, 2017)

A=
(1) TO0Izv3a>bbovwInisERBIANFAIOSZ1L—23>

ARBIAN (10FE) = F=Elfig + #5E + Ba-B
(2) €O0Izy23>b3yIDCO2HIRZIRZEE

® XIRFX
EV (EITHHEE : ZHREEN. FHEMIEEIN) | FCV. T/—tl. HEV. CNG. LNG

o FRIxISkAAR
2015~20304F

o MEEIIHIXIVF
7XUA, 3-0v, RETIRFGEENZEXEYINSY)  (RERTRZAHOFEREZHOTRE)

o XREMHFIV
EIEEtNL—58o5vY (Class 8, 16.5t8) : 1 hJ9& 3 M—3
=SEYEIXNSYIDCO2HEHED75%L 7 EHB,



I . Transitioning to zero-emission heavy-duty freight vehicles = Bixies

(1) €0IZv2ayhSyvIDBREBIANFADSZIL -3 | BERHMQ : Emfiiig

350 . 2015

FRIL 2050

300 m 2025
250 m 2030
200
150
100

50

0

T14—ENL LNG(CD  LNG(SD  CNG(SD) EV(ZE4)  EV(IEIEfR)

,m\ménn1mm§a§b§§>
7 IVYVENRE O HREAZ . N FCRILS AT LS

- ) i (84,000$ = 20,500%) —

HEV BEICEBZER | N H2O S — BEICLHET
ISV | (33$/kWh = 19$/kWh) INBUESE S 2T Iy
rvias | ST

. EV

KARBAE N Wy F UM
2 ISV ENRE | 92Q$/kXVh = 120$/kWh)

\i CNG-LNGH> ik N RS AT LM

(Z2ss :71,700% = 21,200%)
(3EdEfh - 16,700$ = 10,800%) 4



I . Transitioning to zero-emission heavy-duty freight vehicles

Y B1xiEd

(1) ¥OIzviay by IoiFEEIANRIDYZIL—-23Y

BWis (M #0>)

6
4 .//0/‘
2
0
2015 2020 2025 2030

IKERAMAS (R 8mAT>4E)
1o TR RARNREESR, BT : BIRER

BEFMHOQ

. PR - BSRAN

KT AtE (RJL/MMBtu)

2015

EBSA (RIL/kwh)

SE#R : CNG. R : LNG

2020

2025

2030

0.16
O -------- —(—
8 O-eul O oy ./0-—
— o | 3 0.08
0 0
2015 2020 2025 2030 2015 2020 2025 2030
</R& - BE>
14— HEV KAHA | FCV EV (z4) EV (3Eizfin)
S — 1
20154 74—t | 9.5Mykm | 5.7 Mi/km | 9.0 MI/km
A0L/100km | 54—en | Lt
= e, |6 0.95 | (C) 0.9




I . Transitioning to zero-emission heavy-duty freight vehicles - BixEs

(1) €O0I2v3a> Sy 0#BFRBIAMRNOSZIL-53>

<HIFE>

® EATIEREHICNDMIgZEE (2015~2030FT—IE)
> T—TIIE, RAARAE :0.12$/km
» HEV. EV. FCV : 0.11$/km

® J\wrVZHAFARTEL TLEL

<EDIE>

BEFRMQ : HISES

o REHAM (10%FR) FOETIEEE : $9139/5km (U.S. EPA & NHTSA, 2011)

o EEFEEENRPHEIE. RIS THL
® ETHIEEDAITIAMIZFELL

® FRFMEEX (L. MMEBIAMODBTFSNNEVDTERELURL  (See Lee & Thomas, 2016)

XM FREERRIBRRE(IC, ZOEEZIUD I LTI TEURNRIATN SR
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I . Transitioning to zero-emission heavy-duty freight vehicles Y BixiEE
(1) €O0IZSY>ay by I0REEIANENDSZIL—-3Y S
FR)L mEoitE mEFE e RE-EAR
United States
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T4—tI HEV LNG LNG CNG FCV FCV EV EV
(CD) (SI) (SI)  T(RAAA) (BIxR) | (GR#R) | GEEA)

v RAHAR(HE@iStEE (RE. EUEREROER)
v TOIzy23> b3y)(F20305F NI TERIE T

FA4—EIUITFU.
—EV (Z28) (3¥925-30% \v. EV (FEEAL) (3%915-25%\
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I . Transitioning to zero-emission heavy-duty freight vehicles

(2) €0IZv2a>yh5vIDCO2HIBINRERE
BECAHVZCO2HFH R B

Fuel carbon intensity
CO.e/MJ
(9CO,e/MJ) Greenhouse gas emission
Region m 2030 reduction in 2030*
102 102

Diesel -
Compressed natural gas All 81 81 -
Liquefied natural gas All 86 86 =
Hydrogen All 151 70 54%
United States 144 49 66%
Electricity Europe 101 44 57%
China 202 82 60%

® UM, KAHR(X, 2030FFXT—E
IKZR(E BHBROKFENSEB IREROKZEIAZITI 2IETRIRICAKR
® EX(L. World Energy Outlook 2015(CEDERTE (2 COSKURZEILSFUA)
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I . Transitioning to zero-emission heavy-duty freight vehicles Y @txEd
(2) €0IZv33a>Yb5vIDCO2HIIRZIREHTE =S
LCATOCO2HEHE (b))
2,000
1,500
1,000
500
0
F4—C)l | HEV LNG LNG CNG FCV % EV

(SI) (CI) (SD) (BIx) | (G2 | GEEAD)

v POIzvia BENLCATEBIERE (FE. EUBERR)
2030£E(CHIFDT—EITH U,
—FCVI(362-67%N EV (ZE48) (£80%\




II . Estimating the infrastructure needs and costs for the launch of zero- © B13EA
emission trucks (D.Hall and N.Lutsey, 2019) -

II. Estimating the infrastructure needs and costs for the launch of zero-emission trucks

(D.Hall and N.Lutsey, 2019)
R
(1) TOIZvIa> oY IDORFEEIERE
(2) EVYENXICHERADIFERVA(>CIZAAN2S 22 -3
(3) 1275%ZEDIARIAMDEL - T —ZIVEIR MEDLEEL

o XIZRILIilT
BERBOSIT1FTEDH e
EV gﬁiﬁ@-&wkw\jﬁﬁ%ﬁ/}f@éﬁo-mom FCV IKZBRAT—230h5NDFEIE

o FilllxISRHAR]
2015~20304F

o METIIHMIXIVYF
AT Z7MOY S CINARICFEES S EWHIE NSV

o MIREMHFTIV

OFEEE -3 854 (Class 8, 16.5t#8)
QEFEEICBIIBDA> T FEDHENXE (Class 7~8, 13ti#8)
A Btz h>wY (Class6, 9.75~13t)
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I, Estimating the infrastructure needs and costs for the launch of zero-

Y B1xiEd

emission trucks (D.Hall and N.Lutsey, 2019)

(1) €O0IzvyayhsyvIorEESRFEE

Class 8 : 16.5t#8
(ML=5b3YD)

Day Cab
(B_YD)

2018FEERMIA

435kWh

& HERIA (019ms)
O EEXHD

EF18 SZM (Eforce)

EV

eCascadia
(Freightliner)

i @

ET-One (Xos)

Semi (Tesla)

2019FEERMIA

20214 ERMBTE  800kWh 630kWh _ L

550kWh Two (Nikola)
20204 RIS TE
1,000kWh

Class 8 : 16.5t#28
(APL—=BbM5YD)

T

2019FRRK
1,000kWh

EMS 16,18 Series

300kWh

2020F LR

(emoss)
Lion8 (Lion)

EV26 (Eforce)

201844 EERIA == ‘
_ 200,240kWh - o0 TE | — % KWh(E/WF S E
P 480kWh 201744 EERAA % SEEFZIHPLD
O 630kWh
200 400 600 800 1000

finfctEEE (km) 11



II . Estimating the infrastructure needs and costs for the launch of zero- 2 ER D)
emission trucks (D.Hall and N.Lutsey, 2019) -

(1) €0Izy>a> bSyI0RRERRE EV * EERID @oromrm

EMS 12 Series
(emoss)

O FEEHD

Class 7 : 13~16.5t

eTGM _(MAN)

eActros (Mercedes Benz)

AEQOS
(Cummlns) \

- i 20184
2018&%2@ 200kWh

ool 2021 R ;'

240kWh

2019% EETE RN R
H40KWh \ ) 20198

Class 6 : 9.75~13t

EMS 10 Series E220 (Peterbilt)
(emoss) '

MDV. (Xos) ~

: 20196%K
2018F L ERIE X kWh@N\yF)EE=E

| ; 148kWh
20205 %% 120kwh 20184 FERIA X BE(F&HHPLD
60kWh O ‘/ 221kWh

0 100 200 300 400
finfctEEE (km) 12



II . Estimating the infrastructure needs and costs for the launch of zero- 2 ER D)
emission trucks (D.Hall and N.Lutsey, 2019) -

AT =S a s kS =g & FERIR oivEER)
(1) €O0I=Y3a>hSyIDREBRRE EV O TEHD

Class 5 : 8~9.75t

eM2 106 (Freightliner)

= ] 2]
202 1EEEFERRIAT I

325kWh
O

Class 4 : 7~8t

eCanter eTruck (Tevva)
~ (Mitsubishi FUSO) 7 ¥l s

= 20IS FLRERE TR % kKWhiZ TS S
20194 FEERANA 20204 ERIATIE X BEFEHHPLD
83kWh V'S V'S O 200kWh

0 100 200 300 400

finfctEEE (km) 13



II . Estimating the infrastructure needs and costs for the launch of zero- ™ B13EE
emission trucks (D.Hall and N.Lutsey, 2019) -

2 =g k=w 5 X HPIE#kZ 7o(C—EBIBIRZASIE - # 2
(1) EOI=Zv>ay sy 0REEIRRE FCV X SE(F&AHPLD

One (Nikola) T680 (Toyota & KenworthHEIFIF)
« Class 8 6.5t ORL—385v9 « Class 8 6.5t ORL—T85Y9

«  fin%ciEBE 800~1,200 km «  fsEiEEE 480 km

o 2022%F X£ERIG « 20194 FI*E

XCient (Hyundai) Special Vehicle (Dongfeng)
« Class 8 e.5t2) DAN—MRIYY « Class 4 (7~8v
«  fi%cEEEE 380 km *  finkciEEE 328 km

«  2019% £ERE « 2017HFFKR
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I, Estimating the infrastructure needs and costs for the launch of zero-
emission trucks (D.Hall and N.Lutsey, 2019)

© @t

3

BE

Y Vo xa ol v |

FTRETE

(2) EMEXICHERASIFTHERVASIFIAMEE

{4 : EV-FCV3tiE

o MEIZNVIEAM-BFH = 35— DVWTETE
Low : 100&(20204). Medium : 1,0005(2025%).

o WREMHTIV- -FEFTEE (OY LI AEEDHIX
(1) RiEBENL—585Y9 (Class 8, 16.5ti8)

Trip distance(km) 160-320 320-800 800-1600 | 1600-2400 2400+

Road freight (thousand

High :
E S AP

—-=ru
cp¥

tons, 2016) 7,672 5,893 1,334 930 802
e s T 10% 10% 25% 25% 30%
driving time
(2) RL=2 : BECHIFIZIOTFHEOEIXE (Class 7~8, 13ti8)
Port <= Near | Port <> Rail | Port <= Inland | Port «» Beyond | Trip outside
Trip type dock yards Empire Inland Empire of port
Distance
(miles)
£VerIge 20 30 38 48 45

speed (mph)

Percentage
of truck trips

(3) Bexb3v (Class6 9.75~13t)

Percentage of driving time

64% 10% 15% 2% 9%

Average trip time (minutes) 30 51 67

10,000=(20304F)

E)
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II . Estimating the infrastructure needs and costs for the launch of zero- ) BB
emission trucks (D.Hall and N.Lutsey, 2019) -

(2) EMEHRICBERSLAIFEPRUVUAYIZFIAAMETE EFREBTERMF (FKilrhl)
EV
<FEBIARDHEI>
® £TOIYIFERIRFTTE (50kw) (LD, REIDIVFTE
o HEFLIFEZ R AL I DL OB SURTTE (350-500kW) DiREINZETT
o /\wFUSE (EiB# : 550kWh. RL—= : 500kWh. Bi% : 300kWh)
<TEZIDIAM>
® (>JJOAM= (FEZMMIE +REE - RitiEmE X ) xXFTE282N

> SURTTERS (25,000 $/&4@2020 = 20,427 $/5@2030) } B LBET
> IBTURITERS (225,000 $/£@2020 = 165,920 $/£@2030) Pl
> REBEE - RiftiEGE L U1 MNIDTEEZRENMER DR T

FCV
<IKFEFIESBRDEREE>
o VEIRIFT-HNSETE
<KFEFIESEZDIAM>
o KIbHH © 4,971,061 $/&@2020 = 2,882,217 $/&@2030
® RL— . 4,971,061 $/&@2020 = 2,447,139 $/&@2030
o fitix 3,239,012 $/&@2020 = 2,046,555 $/&@2030

o o ol e |

Heavy-Duty Refueling Station Analysis Model, 7L 1> XEIZIHZIFRICLDETE 16



I, Estimating the infrastructure needs and costs for the launch of zero-
emission trucks (D.Hall and N.Lutsey, 2019)

Y @1

BE

(2) EMEXCBRERSIFERVAIFIAMERE

W Uitra-fast W 50-kW === Ultra-fast charge points per truck

= EV

N $200,000

-

\\J

/f $160,000

AN

/|

i%)

J=  $120,000

o)

/(

=

~  $80,000

-

1

A 40,000

N $40,
$0

Low

ZEVEDB AR

Low:100&(20204F)

Medium:1,000&(20254)
High:10,000%&(20304)

Medium High
volume volume volume | volume volume volume | volume volume volume

Long-haul Drayage truck

= 50-kW charge points per truck

1.25

0.75

0.5

0.25

High

g @SS St~ g el 7

v RIFEEN - 8IYIDAL 2 IZAXAMEEE V. 55l BRIRFTTEDA>IFIAM' 6 8,
(MEBIXRIF—EZL BEAT-I3VBEMELH)

v WIS RB(FEASTTAR ME .
(RT =AY ML BFEEZFDMEIER T . 1 AT -3 H DT E A DIENNSE)
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II . Estimating the infrastructure needs and costs for the launch of zero- 2 B13s

emission trucks (D.Hall and N.Lutsey, 2019)

BE

(2) SEMBECHERSDTISHRVAYISIANOEE ZEVEOE AR

Low:1005(2020£)

+ Medium: 1,000&(20254F)
T = FCV High: 10,0004 (20304)

B Station cost per truck Dispensers per truck == Stations per truck

N $250,000 0.10
=
\\J
/7 $200,000 0.08
1
AN
=/
2] $150,000 0.06
1z
9)
:‘/ $100,000 0.04
i
/
_
] $50,000 0.02
A
~
%0 - 0.00
Low Medium High Low Medium High Low Medium High
volume volume volume volume volume volume |voiume volume volume

Long haul | Drayage Delivery

- BEmHO AT StIE~ S el T

SV W\ —9IN

v RIEBENL—SRSYIDA2ISOAMETRES L.
v NIWIENZRDEEA DT TIAMEIR,

(1 A7 =23 HIDOFTEEREDIEENM . AT =)L Xy MILZFeIEER MR )
v EVARA>I3IZAMDTEH, FCVARA Y IZIARDIEN, (FL—27%ZBR<)
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II . Estimating the infrastructure needs and costs for the launch of zero- ) BB
emission trucks (D.Hall and N.Lutsey, 2019)

(3) 12752 BIAMDE R -F4—CIIEIA M DLEB
ffREIAN (106R) =EEmfliis + A%} BUN + #EFE +1>J50A b+ 20ft

FREFEFRMF
<EMiitg. MBS, HIFE>
® Moultak et al, 2017 (FIRICCTLR—B) ZFODHFEZEEA

® STIDT 4. XEREF[CEDETER

<42IFARR>
® RIIA(CEDEHE

<EDIth>
® EVOIXMIE, FEREOA. NWFUESE[CLIRHEROZ =

> FEERFRBIOX

> EEBBOAZ (O EEERNS. BIMIANETE

> J\WHEBESILLAEEHERE (B 3% v, RL—2: (FF0%. BHLE : 6% \)

=3O NYIN I IEEDDIEE RO EZ T TREETEL., BNMNIAMNRTE
o HENEFEELLU
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I, Estimating the infrastructure needs and costs for the launch of zero-

emission trucks (D.Hall and N.Lutsey, 2019)

Y @188

(3) 1275%FHIHARIANDE R -7 —CIIEIA M DLEE
OEIEREN—5b5YS (Class 8, 16.5t#8)

$1,800,000
$1,600,000
$1,400,000
$1,200,000
$1,000,000

$800,000

$600,000

Lifetime total cost of ownership

$400,000

$200,000

$0 ; |
2020 2025 2030 | 2020 2025 2030 | 2020 2025

Diesel Battery electric

TR

2030 | 2020

Hydrogen fuel cell
(natural gas)

ZEVEDEARUR
2020% : 100&
20254 : 1,0005
20304 : 10,000&

WVehicle MFuel EMMaintenance MInfrastructure BMTime penalty BWeight penalty

2030

Hydrogen fuel cell
(renewable)

v 2R BRI ERESEL.
v' EVId. 20264FtE(CT 1 —TIL RSy Dfli&% T [ElS,
={EmENS. 2030FLUFICAM&H P ER I D RIEEME XD,

v FT4—CIVEEF, HEH R IGORBISRECLD, 2025F LAF (g LR,
v BIXBEEROKZZFTTIEIBFCVIE. 2030FECHBVTT—EILELD3% =0\,
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I, Estimating the infrastructure needs and costs for the launch of zero-

emission trucks (D.Hall and N.Lutsey, 2019)

© @1x%ER

(3) 127528 HIHARIAMOE R - T —CIIEIA DL
QORL—= : BECHIIDI7FTFEOEHXE (Class 7~8, 13ti#8) 2025 : 11,0005

+ ZEVEDE AR
iR 20204 : 100&

20304 : 10,000&

HVehicle HFuel EMaintenance MInfrastructure ETime penalty

$600,000

$500,000

$400,000

$300,000

$200,000

Lifetime total cost of ownership

$100,000

$0
2020 2025 2030 | 2020 2025 2030

Diesel Battery electric

2020 2025 2030

Hydrogen fuel cell
(natural gas)

2020 2025 2030

Hydrogen fuel cell
(renewable)

v BElfitgoEEh&EbEL.

v TA—TIVEEF. HEARARHICORRIERECLD. 2025F LABF (& L5 .
v EV-FCVEE. 2030FFTICT/—EILED @& Z T O3,
v UhUEHS, EERICEZKDRL =D EFREBETEBHEETHIIENS FEMHIHCOVNTES

B3 ENDHD,
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II . Estimating the infrastructure needs and costs for the launch of zero- _’ ER D)

emission trucks (D.Hall and N.Lutsey, 2019)

XK

(3) 12752 BIAMDE R -F4—CIIEIA M DLEB

®Btixb7vs (Class6, 9.75~13t)

MVehicle MFuel BMMaintenance MInfrastructure

$700,000

$600,000

$500,000

$400,000

$300,000

$200,000

Lifetime total cost of ownership

$100,000

$0
2020 2025 2030 | 2020 2025 2030

Diesel Battery electric

2020 2025 2030

Hydrogen fuel cell
(natural gas)

+ ZEVEDE AR
iR 20204 : 1005

20254 : 1,0005
20304 : 10,000&

Time penalty BWeight penalty

2020 2025 2030

Hydrogen fuel cell
(renewable)

v AR BSOS IREEL.

v EVIE. 2020FREB R (LT 14—V EDMI&Z T [Ol3.

v TA—TIVER(L, HEARARB ISR ERREICED, 2025F LABF IS L5
v BIXHROKZFEZFIEIDFCVIE. 2028FE(CT 1 — UL EDMIEZ T3,
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I . Transitioning to zero-emission heavy-duty freight vehicles

(M.Moulak, N.Lutsey and D.Hall, 2017)

TOIZvIa> MNowIEOREFEFEE. BlIA MU CO2HIRZIROS Z1L—23>
— WSREEAMT : EV (EITHHRE) . FCV. T4—tJL. HEV. CNG. LNG
—Emh7dY . RiEBENSYY (Class 8)

—BEIVY : K. 31, FR

<f&am >

v EEHERFIDMR I RICICRBLE QBB LT

v 20305 FTICEBENARBE(FT—CIVEICITHIXMIY IS

v ZEEEMEEMMEERL BREEENTIVCERATIREY . EXRA S IZRE W E

. Estimating the infrastructure needs and costs for the launch of zero-emission trucks

(D.Hall and N.Lutsey, 2019)

OIS 3> MNwIORRBEEMAE. EVIEXCHERA D IFERVCIAMIZ1L—33>
— W &R$%dty 1 EV (BEHRFE) . FCV. 71—
—EmAh7aY : BliXb>5vs (Class 6) . RiEgESYY (Class 8) . > FF#iixE (Class7-8)
—ABEIVT : AUIANZT7MMOY > IV AFEE OEHIX

<t&sm>
v BERFTENOKRAT-IIOIAMERNMOIZVI A I INIEE
v FIEADOA>IJSAZAMDBTFSEREON, TOIZYI3> My IFHMEZNITZOEF S(3/\&BD
v HIEADA > ISHEE(CHIFBIEERETEA> IS0 T VA IXAMERI(C K S RE
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