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Abstract: Urban road traffic plays an important role in energy conservation and carbon reduction in China.
Determining a method to quantify the energy consumption and carbon emissions of urban road traffic,
considering both roads and vehicles, has become an urgent demand for green traffic development. The paper
employs the full life cycle assessment method to quantitatively evaluate the whole life cycle of fossil energy
consumption ADP (f) and global warming potential GWP (calculated in CO, equivalent) in urban road traffic,
including the stages of raw materials acquisition, construction, operation and maintenance, and scrapping
and demolition. Additionally the paper compares the full life cycle ADP(f) and GWP of urban road traffic for
various vehicle types, including the traditional internal combustion engine vehicles (ICEVs), hybrid electric
vehicles (HEVs), plug-in hybrid electric vehicles (PHEVs), BEVs and FCVs. Furthermore, a sensitivity
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analysis is conducted on the key factors such as the annual average daily traffic volume, technological

advances in fuel cell vehicles and the proportion of different vehicle types. It is found that the full life cycle
ADP (f) and GWP of urban road traffic based on ICEVs are 3.26E+09 MJ and 2.16E+08 kg, respectively. In
comparison to ICEVs, the life cycle ADP (f) and GWP based on BEVs are reduced by 32.5% and 36.1%,

respectively.

Keywords: urban road traffic; life cycle assessment; different vehicle type; energy consumption; carbon

emissions
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RS TEHMAERKSH

9 TREEDSEHSEERNROERSRER ™ >

AR HL B/ #EE/MT
HEV 20 320 4919
PHEV 20 784 5395
BEV 25510 7266
FCV 35535 8501

F10 AEFEBRBFEIRTERMRIGERERER

ZH ICEV PHEV HEV  BEV  FCV
B i /kg 1490.0 15400 1650.0 1650.0 1850.0
RANPLHER/L 1.5 1.8 25
31 ) # A B /kWh 10.5 57.0 1.6
KBTI /KW 1150  73.0  131.0
HL B HLII R kW 88.0  100.0 113.0
JNH Y
['1:’;/‘(‘ %ﬁ*jg ] 6.6 32 44
AS
E@iﬁf@n} 38 123
ENIEy
[kg/(100 km) | =

KT AN LA 4 A A BB T o, AN 22
TR B ) 1 2R T o B BE R T RE TR 0 IR 9, R TR
TR RE AT B B RE IR IS ARG L WL AR 10, A
7] 2 50 B0 ) 4 J@ bR Il UL 3R 11, HEV,
PHEV . BEV FIFCV LA RHE B ILER 12,
42 HFEHER

BF FSCE IR A SR R A
RO Al SR U T R A B B, A
FH CML2001 PEA 75 1215 21 4 Fft 42 700 (R R A A 45 3

e T/ AL fiE/kWh Afik/kg
HEV 6570

PHEV 5670 5700

BEV 18 450

FCV 1 650

£ FRERSEHEBHEEKE

4JaMk  HEV ~ PHEV ~ BEV FCV  [C%/%
il /kg 8450 7250 7710 977.0 90.0

Hikikg 1330 1210 20.0 31.2 80.0
/g 1430 1420 1460 52.1 92.0
il /g 54.0 51.0 96.0 324 90.0

FFHEV. PHEV, BEV M FCV {37 il 323 42
A i I RRAE AL 45 R W26 13
43 HERSH
43.1 fERIEH

BEF 5 Tl A2 700 %) IR T R B R T 01 4 A i SR A 40
B Befb A REVR S RETE O, W 4 firos . R R AT,
FEALAT REURIHFE T T, AHEL T ICEV My 3T 38 6 58
i, BRFCV MR8 B Agm DAL, Ay 3 Fh 4 ALY
ST A S A T 1 4 i S AL AT RE R TN AR B A
FEREAR, Horh BEV 30 117 35 6 2238 T B I B
AR T 29 1.06E+09 MJ, X & i T BEV A9 38 17 3 [t
W AEIB AT AEY B B A BE U T FE RN . A
J, FCV 38T I B A 38 1) 42 i JE A A e VR T
FE B iR T ICEV (9 3ok 7 38 % 258, JR IRJ2 H i
FCV B RE R & B BEAB AN B, 28 A R SR
B R AT A b B B Ak A RE R T FE B U G T A
A4 G A 8 8T T A
432 B

FET 5 A2 A0 (10 I T I 5 1 4 o SR )
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%12 HEV. PHEV. BEVHIFCV B ZEHff} g8 Do 20, 26, 35, 4]
I HEV PHEV BEV FCV
MR Hddkg /% FRE Bim/kg  HBI/% o Hoit/kg L% HRE Krirkg 5%
L1 939.70 56.95 el 805.70 5232 i 848.80 51.44 Lai 1034.50 55.92
i 156.50 9.49 (i 152.70 9.92 i3] 154.80 9.38 (i 39.00 2.11
il 69.90 424 i 71.40 4.64 il 102.80 6.23 i 46.70 2.52
ik 166.80 10.11 23 151.40 9.83 Bk 24.80 1.50 ik 36.70 1.98
B 29.70 1.80 B 25.40 1.65 e 19.30 1.17 e 24.50 1.32
Loy 162.60 9.85 YRk 140.50 9.12 Loy 146.90 8.90 # kL 158.00 8.54
B 5.60 0.34 BEESAYE 41.90 272 HHLY 9.10 0.55 BFE LT Y 54.60 2.95
HHLY) 4.00 0.24 FIRES 29.00 1.88 Y B £ 2 45.50 2.76 PIRES 29.00 1.57
B 0.70 0.04 i 12.40 0.81 PRGN 29.00 1.76 W‘Ei“ﬁ 291.90 15.78
PEIRA L 47.70 2.89 Wik 1.40 0.09 %{?\ﬁfﬁ 15.60 0.95 TREF 4 45.60 2.46
BN 30.00 1.82 P 1.10 0.07 TR kAR 7.60 0.46 INE MG 18.20 0.98
7K 2.50 0.16 s 87.80 5.32 IR 3.00 0.16
=n AF BX
=Jufl 33.80 2.19 7N TR R AR 54.70 3.32 'E’zi%% 5.30 0.29
Bl oM 2.90 0.19 BRIR £ i 9.70 0.59 i 11.60 0.63
oy 22.00 143 | WAL 28.10 170 | RImm K 1.00 0.05
HoA 36.70 222
kiR CWlR - 7.80 0.51 RN 28.10 1.70 R 7.50 0.41
ZHILRER  7.80 0.51 RN 11.50 0.70 BRIR £ )45 Tig 270 0.15
LR R 270 0.15
A 30.30 1.97 oAl 25.90 1.57
oAl 37.50 2.03
it 1650 100 it 1 540 100 Bt 1650 100 Mt 1850 100

B B 4 BRAE BE V(S 0, Wl S AR . el B AT,
FEARRAR BV 7 10, AT ICEV B3 i i 1% 28
W, BRFCV RSB P 2l LASh , Ay 3 Fh 4R Y
38T T I A 1 4 2 i SR I A kAR W V(A BT R
%, e BEV A3 G A2 18 T FE e W2, A
T #50.78E+08 kg, X & T BEV 3l i1 15 % A2 i
FEIBAT LS B B 0 Ak A B TR T AR R R D . M
FCV 1385 117 15 [ 3238 1) 4 A A S 1A 4 ek AR %ﬁﬁﬁ
T ICEV By i # 2c i, J R H Al FCV &
ﬁ%ﬂﬁﬁ%%%ﬁm,ﬁﬁﬁﬂ%mm&u&g

1T HET By B ) 4 BRAE B 75 (B IA I i 1 oAt 4 Fib 42 A
A 3 T 3 2
4.4 BREMESHT

441 F¥HBdBITE

T SCAB B 118 3R T T g 22 3 1Y AR X H AT i R
16 2914, X —BASAAAEAIRE M, FEESH0TTIE
PEBE IRV OL . S AT R R . AT

AT SRR BRI W HEAF Y H ity
g A 2L A T 8T S B S 4 A i SR S A £ RE DRI AR
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%13 ETFHEV. PHEV. BEVFIFECV By s B8 32 i@

SEGEARBELER
| [ B ADP (f) /MJ GWP/kg
SRR B B 8.96E+08 5.27E+07
il 38 2R BC - Be 3.41E+08 2.49E+07
HEV B 1T Y B 1.53E+09 1.08E+08
2 IS B -2.54E+08 ~2.76E+07
Bt 2.51E+09 1.58E+08
SRR B 8.71E+08 5.75E+07
il 18 25 C i Be 3.50E+08 2.55E+07
PHEV BATE I B 1.53E+09 1.06E+08
o B2 ISy Be ~2.39E+08 -2.61E+07
Bt 2.51E+09 1.63E+08
SR ER B B 8.98E+08 6.48E+07
il 38 R T B 4.26E+08 3.13E+07
BEV BT B B 1.12E+09 6.90E+07
i Il i B -2 47E+08 ~2.68E+07
5875 2.20E+09 1.38E+08
S RER I B 1.53E+09 1.04E+08
il 38 25 BC - Be 2.11E+08 1.55E+07
FCV B 1T B 2.74E+09 1.67E+08
2 IS B ~1.47E+08 -1.55E+07
Bt 4.33E+09 2.70E+08

5.0E+09

4.0E+09

3.0E+09
— ‘ ‘ ‘
1.0E+09

0.0E+00

ADP(HMT

OB ICEV HEV PHEV BEV FCV

SRATRREL B B = TETHIER EITHRIPMER 1B RIS ER Hit

B4 ETSMERNHHERIENEEGEARINER
AR HFEER

3.5E+08
3.0E+08

2.5E+H08

2.0E+08
1.5E+08
1.0E+08

5.0E+07

GWP/kg

0.0E+00

-50E+07
ICEV HEV PHEV BEV FCV

SEAEERIE W IEGEME  wETRPRE RIEHRER B B

BEs ETFSsMENETERIBENEEGEABSME
EIRTREREERR

FABRAS B A 520 o AR5 L I T T8 B 5 ) 4F
BIHEATE 16 291 M a5, AEX HEAT
AR K -20% ., ~10% ., 10% F120%, I 5FpfE 5.
FEIX SAMIE BE T, 3T AS ] 42 A0 1) $uk 113 3 [ 52 3
éiﬁﬁ%%ﬁ%ﬁﬁﬁ%mw(ﬂﬁ%$,m
Bl 6 s s 3K 5 R T, BT [ 280 Y kTl
T P S 1 4 A i SR A Bk B T H GWP AR fb 3%
WK 14,

Blo WMmERZENEEGEHADP (f) ThE

Hi &6 F1 16 AT, Fifi 5 Bl Tl 18 [ 22 i 4R 4 H
WA AL 10%, HTF FCV 13T 8 20 im 44k
ﬁﬁ%%abﬁ@ﬁgm»(ﬁﬂéfzﬁﬁ@
(AR Ak e K, BT BEV A4 30 T 18 %6 52 38 4 A= i
JAHAL A RE TR T AE 1 ADP (f) Fl4xERAR %@ﬁm
LI SSYUN
442 FCVHRitH

[ 55 e i & 1) T g IR V4R 7k ke R )
(2021—20354F) ) A, #]20354FFCV SCELR L
TER; o Bl BOR AR E, FCV 1 H AR AS Wi i
o AL SRR R ZE R S G X T T
% 2 30 11 4 A i S A A T T T R R 4 kA B TR (L
(R SEIA , S SCRS LR 5o R0 3 A0S 57, JE Al
T 500 SO B FCV 250, FA% 5 R 7 R R
st B, FOVEARSEL ARG St ILE 15, A
[F] FCV AR S0 A8 50T 13k i 18 % A28 i 42k A Al
W ADP (f) FIGWPUNE 7~8 /R .

M & 7~8 T Al, BE#E FCV B H A B AN FE
YRR AURURE A2 KO- A R, AH E T BE Rl
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F14 PHERIBLEGEAHCGWPELE

AEE HEAT AR ICEV HEV PHEV BEV FCV
-20% -17.9% -17.1% -17.2% -16.7% -18.3%

-10% -8.9% -8.6% -8.6% -8.4% -9.2%

0% 0% 0% 0% 0% 0%

10% 8.9% 8.6% 8.6% 8.4% 9.2%

20% 17.9% 17.1% 17.2% 16.7% 18.3%

*15 FCVEAHATHARIES

P HeAih T T g bl

15t i 1 52 53

ARSI/ [ke/ (100km) | 1.1 1.0 0.9 0.8

R R 0% 15% 25% 35%
RS ikt /kg 1850 1572.5 1387.5 1202.5

B7 REFCVHEARBESESR TR E
SHESEHADP (f)

3.5E+08

3.0E+08

25EH08
2.0E+08
1.5E+08
1.0E+08

5.0E+07

GWPkg

0.0E+00

=t TAMER 1 TRMIES 2 FAMIES 3

-5.0E~07
JFAT R ERER I ER w BT RSN iR o IRERIREE o B

B8 AREFCVHERABLSIERTHIHHIERZER
4w A GWP

¢, FETFCV IG5 1. B 5 2 Fwul i 5 3
P4 1T S B8 2 3 4 2 i DAk A BRI AR 23 ] A1
8.9% . 16.7% F124.5%, 4R A% 1% 15 18 7 51 B A1
10.2%. 18.9% f127.5%. FCV + AR5 5t fic HE L 1)
FEARRAICR Ak AT BE IR A AE B R SCR BE I
443 FREA L

SR T B AL Y T S A SR O

W, SRR RZERER . TR T S PR
O, AR R L, A AR AL S B

A Ak T B A 3 o AR VAR A B Y, MY
ICEV., HEV. PHEV. BEV #FCV 14 5 435120k

90.10%. 4.67%. 1.07%. 4.15% F10.01%, ¥t 1%

FER R, R T 3 MR, WAk 16,
AT o O T AR T T e 5 T ) 2 o B

ADP (f) F1GWP, K 9~10fm~.
K16 FAREHWLHLLES B, %

A LR 11 EF2 T3
ICEV 90.10 78.43 48.69 20.51
HEV 4.67 11.12 24.85 34.46
PHEV 1.07 233 5.55 8.20
BEV 4.15 7.33 19.37 34.01
FCV 0.01 0.79 1.54 2.84

B9 AREZEZSESR TR TIERZER
EHWER ADP (f)
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E10 AREZERSLES THETERZEN
E4MmEAEGWP

I 9~10 n] 5, 1‘Httﬁ:%ﬁtﬂl‘$ﬁa\ THR 1,
75 55 2 FIVG 5 3 B 3k T 18 % 2 4 A= JE B Ak A RE
%%ﬁ%%ﬁzw&lmmﬂwm%,ﬁéiﬁ%
] A BRAS B TR (B FEAIK 2.9% . 11.8% F120.2%. Fifi#
BRI HET™, A BT R AIRE A 71 18 % 2 3
14 4 A A SR A A RE VR T AE A A BRAR B VR

B\ i

38T T A 3E Y 4 AR A TR Ak A R TR T R
ADP (f) HI4 BR S % W fH GWP 43 5l & 3.26E+09
MIJ F1 2.16E+08 kg, v 4240 1) 4> 4= 4w i 1] ADP
(f) FIGWP 15 L3512 77% F189.5%, 1= T-if i
M d L s A BT AT A, B AT YR Y B
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