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Abstract

In order to achieve carbon neutrality in road transport, the transition demand to zero-
emission vehicles is significant, as it accounts for about 97% of greenhouse gas emissions in
domestic transportation. In particular, heavy-duty trucks contribute significantly to greenhouse
gas emissions, because of their higher annual mileage and usage of diesel engine. However,
freight trucks are operated for the purpose of profit. Therefore, it is crucial to conduct research
on the economic feasibility of heavy-duty trucks transitioning from internal combustion
engines. This study analayzed total cost of ownership for zero-emission trucks, projecting total
cost of ownership parity with internal combustion engine trucks by 2040. In addition, the
greenhouse gas reduction effect, which is the ultimate goal of conversion to zero-emission
trucks, was compared through well-to-wheel analysis. The result shows that fuel prices are
pivotal in reaching total cost of ownership parity for zero-emission trucks. For the successful
conversion of heavy-duty trucks to zero-emission, it is imperative to form competitive fuel
prices with internal combustion engine vehicles. Policy implementations that facilitate the
complementary distribution of hydrogen fuel cell trucks and battery electric trucks should also
be a prerequisite. Furthermore, the decarbonization of fuel production concurrently with the
transition to zero-emission vehicles is essential since the greenhouse gas reduction effect of
zero-emission trucks varies depending on the increase of renewable energy generation and the
development of clean hydrogen production technology.

Keywords: battery electric truck, greenhouse gas reduction effect, hydrogen fuel cell truck,
total cost of ownership, zero-emission truck
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A7 A B EFY] FAR T A 2det= QIR 7| S Histe} A RAE el whet H A FH o2 F8
g ZA7F =Sl o]of] th-gstarzt 2015 A7 AA Q] o2 G2 AHH o2 A Y- Af5-S 4Fg e} o]
H] 1.5C o5t & Agtol7| &2 ot9oH, AlA| Zh-2 2A47kA 7H5-S ol ol4teteta v & ‘A =(0) € Adst=
A5 HS AAFh

Y LA7EA BilEFS 20208 7]FE 656.29F ECOeqolH, £55E A7 HiETRe oF 9618% &
COeq® & & 7|5 14.7%= ZFA|FcH(Greenhouse Gas Inventory and Research Center, 2022). 5525 &
A7 A BETF] OF 971%E A Aot k& R HlEdS A= Au i, slEats 584 tiv] 55 di47 4
ARF 2472 v Ee] R A= el Aok =Y et 55 tia= 20209 71 HA 55 W42 14.9% F<°|
A0k, AA 24F 27 A viETF O] 33.7%5 AFA$Hch(Korea Transportation Safety Authority, 2022). 18] 11 =+
W 259 5 A2 o680t B2 532 20229 7] oF 1,576%F TEUR A 550 EHE2 94.6%E
2] skl It (Korea Transport Institute, 2022). +8 =2 oHE 255702 U8 =215 o2 =tus
ATYNA FHE 2AVEA BlEFS AT Ay, 12F 23 g slEARE oF 9Tt 8 di2 A4 55 49
22.8%°1 E3}5ATE CO, BilE&HF2 A sHEA12] 51.8%2 Uebgtt wehA g3 shEahe oh2 215 tjv] 2gt
Ax g Al AN a3t =S A0 Z|tiEe, 20229 U e sHEAF e s FUr| e SUEE
TAEY A3l olof, 2R 7Y AUl Aol tiE A7|EE EA1E YHESH M8 S d=eE 1551
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1. BAQHIS JIg AR FAY BY @7
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FA-8]-8(Total Cost of Ownership, TCO)2 AH|2F T | A AHFAHE Afok=d| dsH= L E H]-8-5 9
njeteh, gAaFH 242 2o M58 (Electrification) ® A2} Aol A7gtel whel, 44018 BA4Z 7|Hte
= WA7Z1EA7L ofd o A £3 AFe AAEE BASHAL st 87t F7FsATHKim, 2022).
International Council on Clean Transportation(ICCT)(2019)2 -4 7|-+4AEZ 9] F44H]-&S 45111,
A71E= Q] 71 SHAIE 2 e ] FA = I -8 FAEF (Payload) &4 H-§ 0= BHFSIGIT A7 ER Y
oFd-S TEjo M7 Edo] £AEHBTH w2 AAAL SRS Ao 2 Astyth Hunter et al.(2021)& &
T W= Class 4, Class 8 72 @A 7 238 E 0 & Aotal S At GAFF &4 H-& 77 o-E Y 7
A 271& 7Hdote] FAFH-8-S H|wstGit 1 A3t Class 8 E82 A E] 23 A| =AE = o] 71 ZJA| % o],

lass 4 % Class 8 ©A 2] 342 A7|E & o] A2 o]ztal wstirh. Noll et al.(2022)2 &4 T44
H|-& J7} H-E Jdste] §5 1071=19] ke EES tiide s
TAEHZ B2 54 7HA 0 2 Qo 7| EFET AAdo] B, FoFEF(LSVA)o] =] H-8E = 2920
A ZAE 23 Al FAEo] A7 EY tiH] AAYS 7H o S A0 2 YERTh Strack et al.(2022)>
12E o) diE =25 thd o2 Aoy R BgEd 485 7HIRt Alve]| Qof| mbE F4a-fH-8-& 243
A 2] Hggol =2 AlUe]| L A5 A7|7HF o] steste] A7) 2 A E 9] AA|/do] o] 2|7, 4-2d5)
7]&o] A0 2 QIS A E— R A7 ER O] AA|Ao] 52 Z 08 Hlth Zhang et al.(2022)2 20407}
A F=r P E ] o EgQE T4RH|-8-Z A¥oly, P E= A Al E871Q] sfo|He|E Ego] 71 7
AR Ao =z AAstlet. tie eFat AAA S 248 o9 A+ T40H8 74 5 9 24 i T Ex
¢l 5 ZHAIgE W82 Table 1S =3It

O

o'

Table 1. Previous studies abroad of total cost of ownership for heavy-duty truck

Researcher P sites f | ¢ hi p . Region
(Year) rerequisites for total cost of ownership owertrain (1SO-3166)
ICCT * (Purchase) vehicle cost ICEV, BEV, USA
(2019) * (Operation) fuel, maintenance, charging infrastructure, FCEV (NG),
opportunity cost (time and weight penalty) FCEV (Renewable)
Hunter et al. * (Purchase) vehicle cost ICEV, BEV, HEV, USA
(2021) * (Operation) fuel, maintenance, insurance, charging infrastructure, NG, PHEV, FCEV
opportunity cost (lost payload, dwell time)
Noll et al. * (Purchase) vehicle cost, residual value, subsidy ICEV, BEV, EEE
(2022) * (Operation) fuel, maintenance, insurance, road charges, charging HEV, NG, FCEV
infrastructure
Strack et al. * (Purchase) vehicle cost BEV, FCEV NLD
(2022) + (Operation) fuel, maintenance, road charges
Zhang et al. * (Purchase) vehicle cost, residual value ICEV, BEV, CHN
(2022) * (Operation) fuel, maintenance, charging infrastructure PHEV, BECV, FCEV
ol A = FARH|-E 719 ISF AL FAAY B A A EH Park et al.(2020)2 5EF 59 EFS
o2 Ao GAE ] B4G018S AGE AT v ToRHh A 24 A M0 AT 20039 704 A] AS
£ ] A7|E Y] S48 130, FAES 3,08 FEOE Lestet. 20304 Fo) Alel A7)
Fafulgo] AFELRT WA, FAEAL s

:
oJ75| o 228 £FOR Hlgo] & Ao B
o
=2

FPA =2 Ye FY7=] #eot HE

[2], Al 424 A 4=, 2024'A 82 445
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(LCOD)E A5ttt RE Aua] Qo4 M7|21e] LCOD7} iAot Yropx] = A o] $=42tE ot whE 2
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FTAHEE A A 717 S IS B8 o &, AeF SLulH]|-8Et O} 2t & Foh= o B as fAHlE
23 H]-8(Vehicle Lifetime Cost)o]t}. o]0 &A-GH]-8-& 2}=F Lujju]- &3} 2918
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Table 2. Summary table of scenario analysis

Scenario Fuel price Scenario description
Fixed fuel price Fixed - Base scenario that fuel price fixed at 2022
Reflecting fuel price outlook Outlook - Base scenario with projections for fuel price (2023-2040)
* Carbon tax Outlook - Reflecting carbon tax based on social cost of CO;

* Charging infrastructure Outlook - Reflecting zero—emission truck charging infrastructure related cost
* Cost of refueling time Outlook — Reflecting BET’s cost of refueling time

* Long—haul Outlook - Assuming annual driving distance is 150,000km

* Purchase subsidy Outlook - Reflecting FCET purchase subsidy

* Fuel price subsidy Outlook - Reflecting ICET, FCET fuel price subsidy
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Eta 7HA S A A o2 Bilsh= A o7 Ay BE IE5S FH BX o7 Aot =t A 5 =7 A9
ofxl thFE FFEES BAA IA| ez xdteta gt oo U.S. Environmental Protection Agency

(EPA)2016)914 20504717 ekt Ef ALS]2] ©4u18-8 7|0 2 F) AfEeol] Shad] 2ohg 719519
O, Abe] A 'AaElg2 20073 ghe 7o 2 fitsto] A8t 34, S zet AluE| & oju] F Al
ol 4% WA da th2A A7) pAER o] S HWolido] HAEojof sk Aof| 7]Qlste] S Qluet 75
52 PH = R S =t B8 A frshe SkeAk 23l A A o= HA S 82 of
YA, 2eh skt dete] B2l S et B85 olsto] AFS]A H-8-S B7she SHollA €97t QL
th el d S 7Fs vl AHE Slsf W7)-a SHA BE SAV(HAHA) 171 25 7Hdskaiet. 713
TA7] FEHE-2 300kW o= 7Ieo = o Eaa Zdstdlon, asds i Bl8L 37 £4F
i AR B2 A 7|E B4 4514 AFYH]S 2 Korea Hydrogen Industry Association (KHIA)(2018)=
g-gotoint. 54 Qlzmet 51| G| AT T4 7Fe e AFF = (Charging station Capacity, COE 94-& 5
3 FafHl-8oll HFget Zhang et al.(2022)& 15t & A7 S 1=zt B85 Equation 29F o] A ol
o, FEHE2 AR Aottt T4 (D)ol Wt Eeles 483t

1 r(1 +7')L'
16, =Y —x | cAPEX, x #+ OPEX, 2
i 1 '

AR, S ARG AuE] 2= 250kW H4 57 (Direct Current)A] %"ﬂ of 2.5A17k0] 22 5= Hi| 7]
% [e]

EF9 71 T4 AZHS HE QAR BERiT) 7|8t tiu] 7)zte] A= S At 2 EHeS Hjgo2
HHI3E Levinson and West(2018)& €-&5t3ct. APAFE EHZE AR E ]Zl"%} 20129 & 71 $25.93
O = o, B AFA At A7 EY o] T AQAITRS Jet o2 T ARM|8-S TESHT YA,
A

FafE 8-S BASHACh chA, A5 7l B2 AUl QoL S SaEe o) A AgEs B
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2l Aluel e 71E Alute] e vl A E 2 533}‘2‘1% 8+5 75t 9zt 637%31 150,000km= #-&-
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Oqi*rﬂ A2 TR EY QI A A4 B AFA] SolA B shs MiEES FHSe Hl AR EHE HESR
Ag AAA(WTT) 2 A5 AFSEA(TTW) F &A 2 FEHoH(European Commission, 2024). UN 7]

wekg
SHUNFCCORIAE 21918 8910 ool j& s 7o) 247148 A gatg.ont, & Aol 4% Baxol 7t
A R ol AFBIREA(CO,)RH Sk AE R} W th 0.2 Fich, AR ANTAY AL whETF A1

= S HiEATE e o2 ArFY| A4S st HiEATE =& Choi et al.(2020)2] A& &

Sttt A9 A Af SUEol 100%%el w2} Choi et al.(2020)2 A 9 & F&- A 52 4ol ot
33”7]'/\ HEATE 24 5}‘}3«‘:} 2 A FYS A3 FAYE VD o G EHJIE A= A T
gho 2 WjESE AHgstr] ¢ =4 34‘_} HiEA145 ZH2 gCOgeq/ {1, gCOLeq/kWh, gCO,eq/kg R BHAIS}]
AH&-3ttH(Table 3).

Table 3. CO; emission coefficients by fuel production

Electricity (gCO,eq/kWh) Hydrogen (gCOseq/kg)
Diesel (gCOseq/ () Upstream Power Upstream H,
process generation process Production
Recovery 71.94 Coal 58.86 1008.37 Naphtha 1221.85 3730.85
Import 49.58 Heavy oil 96.03 829.61 Natural gas 2059.06 13043.94
(Off-site)
Refining 215.73 Natural 157.93 609.06 Water 0.00 0.00
Gas electrolysis
Distribution 13.73 Uranium 10.16 0.00 Import 0.00 0.00
- - Renewable 0.00 0.00 - - -
A7 A ERE 8 F 2ATEATHEAYSHA] ool whet A= A A o siEEe APYstd, AREF S A
2 A0 o) A4 27 B0 £A7kA ST Aol Basic £ B HiETe £A71A wiEA7

z
A Q] wiE=F B 9 QlFof Tt AW @R 1A] A2021-2785)0f AAE HHES S8l A= woj
(Q) 719t AFY ®A1Q1 Tier 10| @& Equation 3 E-85131. 01, ol U2 A|88412](2022)ofl @& A& =&
(EC) 35.3MJ/L, HHEZH‘T(EF) 74.100kg/T]E A8t

B, = Y(Q % BC < R, x10°") ®

i,J

2. A= 4

1) 347HE &4 &8 2=

AsApE A9 ?ril off whet = tiE skeale Al AAlF] 5E ool FFFHGVW) 10E o3
S o)ttt B A4 F5 108 oAl 49 SIEAE A7 e Hota, A8 5 AAZA 713

o, MI
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A QA B2 95F0 T FREL FNGS NEOE ek $H, AF Fohelg A3 915) Fh A A

EE A o8 Bkt BE F Al o] Bt AE stk aERe U] AlEARA fAsA EAI%
T AAJE Hty BEg, Y7 d ER2 FU A ZAA ESAIR A JE Al ge 283t = 9=
SFeAt 55 @l W= oF 00%7t F-rAtE 2 E AL 5ol et vl EE2 BAREYTE o= 5t
Ak, A7 EE2 sl ef Al Aol M =l E4] AL EE (Volvo) FHER] RElo] Al gg 83t AFAE 79

& uf) 2Ap gl 7te] wheh HEAZE R e efske], AAE Al12x 98 A Ve R A 71
4%5 FSA = §EFsIlTt At W8 A7 Rtm s Ao = 7't 4 713F o] Sof| WAlsh= ZHE7HA] =
g2} 7HR Aol T e ot peFo] A it Al IEZAE(HAER R 1A A|2022-318%)S A-§3ttt, 2022
o] % ztgF FuljH]-8-2 International Council on Clean Transportation(ICCT)(2023)ll4] Table 49} Zro] <t
20409721 9] 21 7VA S ES E-85te] 7Pt ICCTel 2 H-REY 7142 202749712 S7}skA| gt
2027955 2040@7kA] T4 7HA-& Bk o]« WA7] T 2 ol A of -85t Z}E‘: A ZA7F =8 "4
A 7% AErS Zohste Ao dgko 2 Holtt Ay Eg o] Ao x4zl e a] 42 gkt W 714 sleto|| ujat
2040 712] At oF 3.14%4 Faot= FAIE Heldtk olof B-FEH 0 7F2 1} H]JJ_Q o 2033 o] 7}4 A
Y& StHol= A o2 Astgint. $AE= 0] A9 20409 7k2] At oF 4.64%4 21 ) 714 o] Aok
FAIE HRltt, ey Xk A4 7|& Aol whg Apg 71 A FAlE +AEE 712 20409 7HA] BHE
g tjv] 714 A EE gHo1A| Fols Ao= e

Table 4. Forecast of class 8 straight truck price from 2022 to 2040 ($2022)

Year ICET BET ECEN

2022 158,000 270,000 472,000
2023 159,000 256,000 439,000
2024 160,000 241,000 407,000
2025 161,000 228,000 375,000
2030 162,000 167,000 230,000
2035 162,000 158,000 214,000
2040 162,000 150,000 198,000

source : ICCT(2023)

o 0]—,—0111E}(Korea Transport Institute, 2022) S}A ]” Pz, F
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o wstod, METER o A28 =& (Jang et al., 2022) |4 Ardet ghA
SHES S8t METER ov 2] A|A”] ol A= BtaFgd ot Aoy 2] D Hets 7=
o] FREE= Ao 7ot WH A7 Arith olof 20408742 TH A7} Adsot= Fol& Holthy
Ao | 2] L vl st 522 2050\ 7] A7 b= Hashs AR Bl 4 7ML 474 24
3t 2EWMOTIE, 2019)°14 AAISHL Q= BF H87H4S @A o2 DAch= 222 7PIstqith
A2 H4H]-8-0] 42 Korea Transport Institute(2022) 9] 7t11% L¥tsha x15-0] 984 & 5 S-2|H]& &4
&otgem, 20229 7|5 30.25F Yo B HA| |EN 2] 4.4% FEolt). 2 AoA= A7 FAEY
H|-8-& 7% Wang et al.(2022)& EU= 519, o4 A8dA] A2H WA H-8-E Aetste] +4E
H|-8-2 2020 71A] ARG E= T 5AS 5078 2030WREHE= 25% 5 4T A0 7 7P4stAtt 27
AR H18-2 2029W7HA] HFEHRT 12% A2 502, 20309 EH«= 29% 5 A4E Ao 2 75Tt
A2 A= As A ol whet AHEAE 5] AfAtel Al A2 7 Rtk Ao, St AE
of whet A 127525 7|50 & A ApA|7F Fabech, ohet, 10 23 Al 2712 0 2 10-E ofst Aol FH-&
2 10,0004, H]F B8 30,0009 7HiFgtet, AR AAl= A4HE7] 472, sHRE7] Af-2oll thel 69, 1249 A%t
Z 2% FHoloF gitt. ofof] A%t A AHA| At Al FEE AFS 7L B2, Aol e A% A8 glo] vid &
2 A AA7} FapE ekl 7H s
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Table 5. Specification and general assumptions for ICET, BET and FCET(2022)

ICET BET FCET
Purchase price (KRW) 141,650,000 348,772,500 610,000,000
Acquisition tax (KRW) 5,666,000 13,950,900 24,400,000
Ownership tax (KRW) 167,500 167,500 167,500
Fuel economy 3.7km/ { 1.1km/kWh 17.5km/kg
Fuel price 1783.21KRW/ { 347 2KRW/kWh 8,798KRW/kg
Annual driving distance (km) 105,557 105,557 105,557
Maintenance (KRW/year) 3,624,000 3,189,120 3,624,000

note : Price of BET predicted by ICCT was converted into the exchange rate($2022) of the Bank of Korea Economic Statistics System

2) A=x)| 24 28 A=

A= A F 278 EFE oolske B8 e = T U i ATy 47 vlge so =
wEh Al e A AR iE R Tl e Ve R AT

) A H)E o] 739 203092 AT A1102F A F 7] 2 A (MOTIE, 2023)014 At A4
T/ AL, 20409 EAHA] HF T2 Yeo(2021)9] 71 AU & PR M Y-S E8otith Sae A
Abg Aol whep AreA 2A7EA wiETe] thEot A A A7 iESE o] A1) <
SA7MAE WS the AR 20 W o] B e MleAS THOR AFA 27] o4
TRE F5L AR KAk SPAT A, 27 5 iAol A EAshs B As Aol @Al ¢, <=t
ol Mk 2 Aok I (PSA)0] B astey. o]l 2030 AR A FA77HA] AAdA B 0] & AL
= AE, A6 71 o] wheh JIRlaa Aol S A0 R Bl =i pa AT B AL i
3A /et 2ER(2019)f A IR i AT A T RHE A8k 2|0 AR FE S AT
SANA S SR IS T UAT AR AgET gAY 549 7P R A A =7 712 Aol it
2 AR uiE H3 20309 71 230,79 vhHCO,2, 20224 HH] o 6.6% 750] "astet. ofof AgRE
A At 2 siEFol AR5k HlSs Wikl A AArHA miEol HA gAY AR TSttt
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Table 6. The year that zero-emission trucks reach TCO-Parity by scenario

Scenario BET FCET

Fixed fuel price 2026 > 2040

Reflecting fuel price outlook 2031 2029

* Carbon tax 2029 2029

* Charging infrastructure 2032 2035

* Cost of refueling time 2037 2029

* Long—haul 2030 2028

* Purchase subsidy 2031 2026

* Fuel price subsidy 2032 2029
F4fug BAS o] AHSE vl8 W47} BIIAL UAe) U, Aas SEREe Wrltt tae
2 Aol Hasitt, ool A% 7l A B Aol whet St AR e 83 AR H-ge] dis] ZEH7ER
(Monte Carlo Simulation) Al-g8]o]4d-& Z-82tth. ZH7IER Algdlo]dolzt o5 2hg Alad|o|dol2tal: o}
o, 4=(Random number) ¢t FEE I 73S B&sto] T2 BeA4S 713 M2 23ksto] 7153 Ao g
£ dZel o] ST ofol] A FululaT} ARulg dolEZ JHo R UhE AT SEEso] R

= AU, 10.000719] F29 48 FAstaieh

G827 24 4720004 7% AHED] B B45018-8 401 68868 U, WIET 691 8,505 ¢, 4
E oF 119 Yol 2022 H7EE AAAH &R S&EL2 9F10.68%, TAEH2 2F0.06% % X7 E | AAA
gH gHEo] 5 2 A0 & Ykt 2030dl= M7 ER, AEY Z47F 32.23%, 13.98%, 2040\ 39.05%,
352742 SIS BAY s A8 A ebkon, FHIAR FA0 PAY B bl

ol 7o g A= THTable 7).
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Table 7. Probability of securing economic feasibility of zero-emission truck compared to diesel truck (%)

Probability Distribution BET FCET Distribution for TCO(2022)

Purchase price Log—normal distribution s

Fuel price Triangular distribution

Forecast of 2022 10.68 0.06 - -

probability £ [
2030 32.23 13.98 i ==
2040 39.05 3521 L

AAAAA

50.63tCO;, 20404 30.58tCO;, 34.20tCO,Z EA =2t 20301 o)) % E
7t v E o] WA et ol Sl A | R Ed RS2 S7Hd A o2 s v, S| A A gt
7191 2030971A] =4 ol A 427t A oh= HlF o] & Ao WY E= A

71E BREYS AVEHY eaER R A o, 202249 V& A7 WY 24A7RE AR A7EF
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ol 2 7oz AT 4 k. 2040 ell= M7 EF A T 53.40tCO,, 4 E =2 49.78:CO, =, X187
S}Ea} A A A7 EY ] 2A7EA 5 a7} 20409 7% Uid oF 3.62tCO, =2 A0

= At
Table 8. Forecast of annual emission and reduction effect (tCO,)
Annual Emission per vehicle Reduction Effect
Year ICET BET FCET BET FCET
(A) (B) ©) (D=A-B) (E=A-C)
2022 84.64 54.08 33.59 30.56 51.05
2030 84.31 38.31 50.63 46.00 33.68
2040 83.98 30.58 34.20 53.40 49.78
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