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Abstract: To achieve the carbon peaking and carbon neutrality goals, China’s road freight sector needs to reduce emissions by
developing electric and hydrogen vehicles to replace traditional fuel vehicles. In this paper, a life-cycle benefit analysis model of
freight vehicles considering scenario heterogeneity was constructed to compare the life-cycle costs and revenues of oil, electric and
hydrogen vehicles under different route scenarios, taking 25t tractors and 18t railcars as examples. The results showed that hydrogen
vehicles were more suitable for long-distance heavy freight scenarios with high shipping prices and cold climates, while electric
freight models were more suitable for low shipping prices, short-distance, light-load, and warm climate scenarios. Moreover,
hydrogen vehicles can outperform electric vehicles in 25-ton heavy freight scenarios by 2030, which can be the key layout direction
for hydrogen vehicles. In the short and medium term, policies such as hydrogen price subsidies and carbon taxes cannot achieve
spontaneous substitution of new energy vehicles for fuel vehicles in the freight sector, and additional policy support will be needed.

Key words: road freight; electric vehicles; hydrogen vehicles; life cycle assessment; scenario simulation
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Fig.1 Life—cycle benefit analysis modeling framework for freight vehicles



5626 S ES 7 N A = - 43 %
1.2 BRE A B R NAZ ST M/ A B BC Yug, Wi=l6) iR, Hh e AR5

R A A RO LCR [ = (D) R, 3
1 SR KRR IRIBIN, YT NAER s, AT
LK1, % R 6%, LIFE A 4575 1.

LCR =) SR-YT-(1+i)"™

FFETE N SR H a8 2k % 1) B AN p, A1
ok WA BREEE B SL whsE, i xR (2) T 5 4
W N ZE G R VWL s A TR BW
DL R 30 5 B K3 T MAXW 3t ] v 2, i 2 (3)
Jli7R.

(1

SR=p-W-SL )
W =MAXW — VM - BW (3)
SR I A YT ) A T AR I A YWT AR
FEFERS ST vhsE, wi=l(4) frznam Hrf ST X il 5 fe
AT T B[] R B e B T VD) i, B R AT 3 B ) 55
TR PR B R DL IAT BB v, 7 AR AN BE R[]
ST RN AR KB SN TR LL L AN BE I 7] ct, 40 X
(3R,
YT =YWT/ST 4)
ST=SL/v+SN-ct %)
FRANBE IR B R EE B, AERE ELL JAR/HR

S B T 20 0 FE A RN RERE S .
SN=SL/v+SN-ct
B8 B A i I A A B
B E M ) A AR LCC i I A
FC. fMAERNA EC. WIHLT %t DS %% TOLL.
HEAEORES OMC LA SRR AR RV /N T0A4 1, an =(7)
I G ) B AR DRy P S HE R AR FR AT B
HFE, AERERIAMNAEMKE of vhoE, W WL DA ZEfs 14
Wx g o [ s S H T ek i B phy LR R LA LR
PR of YT AFEANRE AR AR I % 9% 1 Sy
K@) -9,

(6)
1.3

LIFE
LCC=FC+ ) (EC+DS+TOLL + o
=1
OMC)- (1+4) ™V =RV - (1+i) ™"
EC=YT-SL-El-e-cf ®)
TOLL =YT-SL-tf ©9)

1.4 LIRS

ARG 2 RGBSR R 25t 514,
118t #2008 4. 5L 2020 M RARF RS HE 1
Jiros A ZE B R AE N B AR 5%, 50 77 FE [T
WAt R 7.3 J7n.

F1 HREFFERFAEFSY
Table 1 Technical and economic parameters for different vehicles
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Fig.2 Life-cycle benefit difference between 25-ton hydrogen and electric vehicles at different hydrogen prices, shipping prices,

and one-way mileage (A positive difference means that hydrogen vehicles are better than electric vehicles)
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Fig.4 Life cycle cost structure of 25-ton oil, electric and hydrogen trucks under different freight routes
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