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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 traftic 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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PHEV 20 784 5395
BEV 25510 7266
FCV 35535 8501

R10 TAREERBEFTERNRGEERERERL

A PRI/ H1 fiE/kWh Aft/kg
HEV 6570

PHEV 5670 5700

BEV 18 450

FCV 1 650

24 ICEV PHEV HEV BEV  FCV
B T kg 1490.0 1540.0 1650.0 1650.0 1 850.0
REHUHER/L 1.5 1.8 2.5
I E A E/KWh 10.5 57.0 1.6
K HHLIIR /W 1150 73.0 131.0
L B R kW 88.0 1000 113.0
AN :E D
FL? ;%(;Tj;] 66 32 44
JNH
Pt
EPALiERT
[kg/(100 km) ] I

KT AR 4R A 2E i TR v B, ST 2
TR B 2 o) 5 2R T B B ) RE VR TH AR T L L2 9, R[]
TR R E AT B B R RE IR VS AR L UL R 10, A
[F] 2= A0 PR 4 1) 4 J@ B ORE Il g & DL & 11, HEV,
PHEV. BEV M FCV I MAERE L ILER 12,
42 FHELER

HT ECE IR G s A G R A3
TRA . Al SRR IR B E 5, A
F CML2001 ¥ 75 1545 21 4 Fp 4 B i Rk AL 25 2

#11 FRERBEHEEHREKE

4J@M¥  HEV ~ PHEV  BEV FCV /%
H/kg 8450 7250  771.0 9770 90.0

Hkikg 1330 121.0 20.0 312 80.0
/g 143.0 142.0 146.0 52.1 92.0
Hil/kg 54.0 51.0 96.0 32.4 90.0

FTFHEV., PHEV. BEV fIFCV [ Tl 18 52 18 4>
Az RV RRIE AL 2 2R L3R 13,

43 RO

431 #RHE#

BETF 5 b A2 U 1% 3ok T T S 5 1 4 A A S A 43
BrBefb A RE VRIS FENS DL, Wl 4 PR . B BRI,
FEALAREIRTHFE T I, AT ICEV M3 T i I 28
i, BRFCV RS E B Al LASh , HaR 3R 4 ALY
SR T S A T 1 4 A i A U Ak A RE DRI AR B i A
JRREAR, Hoh BEV By 30 7 18 5 A2l T e W i,
FEAIR T 29 1.06E+09 MJ., X J& i T BEV 13l 7 18 B%
ZE3E B AT AR B B A A BE IR TE AR RN . AR
[, FCV [T 8 [ 323 1 42 A A JE I A A BB R T
FESVEE K T ICEV (9 385 T 38 B% 2238, Ji A2 H Al
FCV A BB & i REFEAR X B =, FE A BRI
Bt KA AT YRS B B Ak A R TR T FE HE B s T LA
4 T A2 AU T T B A
432 AR

FET 5 A2 AU B 308 T T B S 3 ) 4 A i SR O3
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%12 HEV. PHEV. BEVHFCV B ZE#ff}iE g (1416 20, 26 35, 9]
L HEV PHEV BEV FCV
R Bi/ke  HB/% AL Bibkg  Hll/% R Bt /kg i /% R Batke L%
Gl 939.70 56.95 | 805.70 5232 848.80 51.44 ol 1034.50 55.92
L2z} 156.50 9.49 8 152.70 9.92 154.80 9.38 Ll 39.00 2.11
| 69.90 424 e 71.40 4.64 102.80 6.23 Kl 46.70 2.52
Bk 166.80 10.11 54k 151.40 9.83 Bk 24.80 1.50 LS 36.70 1.98
B 29.70 1.80 B 25.40 1.65 B 19.30 1.17 L 24.50 1.32
YL 162.60 9.85 iy 140.50 9.12 hip) 146.90 8.90 g 158.00 8.54
! 5.60 0.34 BEIELTE 41.90 2.72 B 9.10 0.55 BRI 2T 4k 54.60 2.95
F L) 4.00 0.24 bR 29.00 1.88 TR 4T Y 45.50 276 bR 29.00 1.57
R ih
B 0.70 0.04 Y 12.40 0.81 BRI 29.00 1.76 L“‘fgiﬁ* 291.90 15.78
X AR 4 7 |
BEEELFYE 4770 2.89 iR 1.40 0.09 Mf\{fgi% 15.60 0.95 BRET 4t 45.60 2.46
BN 30.00 1.82 RN 1.10 0.07 R 7.60 0.46 7=l 18.20 0.98
7K 2.50 0.16 i 87.80 5.32 HIAZN 3.00 0.16
=i 33.80 2.19 7N FR R IR A 54.70 3.32 'ﬁ;%% 5.30 0.29
R I 2.90 0.19 | BRIR Kl 9.70 0.59 =Jofl 11.60 0.63
Ver-- 22.00 1.43 LR R 28.10 1.70 RAm I N 1.00 0.05
oA 36.70 222
WRIR TR 7.80 0.51 P 28.10 1.70 Vel ! 7.50 0.41
T HILEREE  7.80 0.51 B 11.50 0.70 WRITR £ )7 Tie 2.70 0.15
T LR R 2.70 0.15
oAl 30.30 1.97 HAh 25.90 1.57
HAl 37.50 2.03
Bt 1 650 100 j=San 1 540 100 j=San 1 650 100 J=San 1850 100

B B A Bk AR BV EG O, N S s . fl B AT,
Eéﬁ*%%ﬁﬁﬁ A T ICEV f4 30 11 18 % 53¢

. BRFCV (3T pE2g il LIS, Hoax 3R /LY
ﬁﬁL%ﬁ (1% 41 i o) 309 4 TR 7R W V(LR A e
fik, H BEV A3k i 8 2% A2 R i, FER
T 290.78E+08 kg, iXJ&H T BEV A9 3k i 1 % 22 8
BT I B A BB TR T AR R . MR
FCV B3 T 38 [ 58 38 1Y) 41 i o) 09 4 TR A2 g s K
TICEV (3l it pg Az, J K2 H Al FCV A<
%%Eﬁx%%%mw,ﬁﬁﬁﬂﬁmm&u&ﬁ

Fr 47 B B i) 4 R 02 9 B S 1 7 Al 4 o 42 20

FIR) 0TI T % 5

44 RS

F34 8@

T SCABR B 114 3ok 1 3 6 5 3 1) 4F 44 H 3

16 2914, X —BARAFEAEYE, T8 5HTHE

U (1 ARV O . AL ST R AR . AT
AT AR BB, AR/ H E

S P4 25 AT 38 T T i A8 3 4 A TR I Ak A RE TR T AR

4.4.1 WATE

17 I
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#13 ETFHEV. PHEV., BEVHMFCV HiE T K@

LEGEARBELER

i BB ADP (f) /MJ GWP/kg
ARSI B 8.96E+08 5.27E+07

il 38 2B T B 3.41E+08 2.49E+07

HEV BATE BB 1.53E+09 1.08E+08
% s fy B ~2.54E+08 -2.76E+07

Bt 2.51E+09 1.58E+08

JERE BRI B 8.71E+08 5.75E+07

il 38 2R T B 3.50E+08 2.55E+07

PHEV AT B B 1.53E+09 1.06E+08
2 I B B ~2.39E+08 -2.61E+07

J=875 2.51E+09 1.63E+08

JER BRI B 8.98E+08 6.48E+07

il 38 2R C i Be 4.26E+08 3.13E+07

BEV B AT B B 1.12E+09 6.90E+07
EAEN Nz ~2.47E+08 ~2.68E+07

Js8an 2.20E+09 1.38E+08

JERE BRI B 1.53E+09 1.04E+08

il 38 2B T B B 2.11E+08 1.55E+07

FCV BT B B 2.74E+09 1.67E+08
% I sk Be ~1.47E+08 -1.55E+07

Bt 4.33E+09 2.70E+08

5.0E409

4.0E+09

3.0E409

2.0E+09

ADP(HMI

1.0E+09

0.0E+00

-1.OE+09

SRATHHRER B B

4 ETSsHEUNHETERTENSEFEAPIMER

3.5E+08 -
3.0E+08 4
2.5E+08

2.0E+08 o

GWP/ke

1.0E+08

5.0E+07 o

0.0E+00

-5.0E+07 J
FRAHRE A ER

Bs ETS5MERNEHERIENEEGEABEINER

1.5E+08 A

]

ICEV HEV

= FETHIERE

= ETHIPHER

PHEV BEV

TREEHR HER

LARBEFEHEERRL

FCV

Hit

ICEV HEV

= ELHENE

u ETEPRE

PHEV BEV

EREREERRL

R EE HFPRBIER

FCV

Eit

FAERAR VA A0 o (B LASAI T 1 2 523 1 41
¥ H AT R 16 201 i SLaE 5, 4EH HamAT R
AR N -20% . —10%. 10% F120%, F&5FpE .
FEIX SR, 56T AN [R) 42 10 (4 3k i 1 1 A 3 1Y

R WA BEUR I FE = ADP () ARfbR, N
Fl6Tn s FEIXSFG ST, BT AR 28 i I
TH [ 52 3 1) 4 A i TR0 A BR A W VR E GWP AR (LR
W14,

H - ;

FPHBITRENE %

—8—[CEV =—#—HEV PHEV

Eo WiEBRZBNEEMREHADP (f) BHE

Hi 1l 6 FiIZ2 16 AT AT, Bl 3T 18 B 2SS AR 1 H
AT 10%, £ T FCV B3 T I #2238
fir A W LA Be IR S #E L ADP (f) Fl4ekAr %ﬁﬁ
B AR A S K, JE T BEV A I T 18 % 52 i 4 2F Ay
JE AR A7 RE TR #E B ADP (£) 14 BR 78 18 P51 Y
LISV
442 FCVHR#H
B 55 e A A& 1) B e R TR R 7k & R R A
(2021—20354F) ) BAHfy, F]20354 FCV LI F
fEn o BB BOR IR, FCV I H AR A W i
Ao A SRR YR R R SR D Rk T i
%A 30 1 4 A= i I Ak A BRI AR N 4 BR AR B VA
(RRENR , AR SR SR 5o A0 3 S TR0A% 5%, S A
ok ESCHE B FCV 250, T 5 o 76 LRl
SEREEE, FCVHARIEL ARG R ILE 15, A
] FCV F AR AL 5T (0 388 1T 38 [ 5838 1) 4 2E A il
HADP (f) FIGWP UK 7~8 fi7R.
M & 7~8 A%, KE# FCV A H A LA THFE
L] S I R e A TR/ i< v 2 T N

BEV =8=FCV
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R4 WHERTBESEGEAHCWPTHE
AR HEA TR 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 FCVHEAHTHAREES
B9 LA T T o
(P a1 T2 53
HARSSIHFER/ [kg/ (100km) ] 1.1 1.0 0.9 0.8
B fb R 0% 15% 25% 35%
A U kg 1850 1572.5 1387.5 1202.5
50509 B, HEEPR RN ERER . N T B S PR
e 0L, ORI A & L, TR M40l S PR
- I I I B S . IR, 4
5 ICEV. HEV. PHEV. BEVHIECV [ H4r 5125
00800 90.10%. 4.67%. 1.07%. 4.15% F10.01%, ¥ 1tix
L ops EMiER TAMER 1 THMMER 2 TMES 3

FABERRE « BIHENE o S{THIPHSE - IRERRRE o St

E7 ARFCVEARFSESE THHTHIE
£ GEHADP (f)

3.5E+08

3.0E+08

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

5.0E+07

GWPkg

B3 IEHY

0.0E+00

B ERfES MES 1 mMES 2
-5.0E+07

FAPERIREIEE « RETEERER = SiTHIPMER « IREEIRERANE

B8 AEFCVHEARHALE=THIHTIE
4 EAHGWP

TRMIER 3

5 o Bit

B3 IEHY

5, FETFCV BUINE 5 1. BN 5 2 FI s 1% 5 3

P 39 7 3 3 e 2 i A A RE R

FEIT AR

8.9% . 16.7% Fl24.5%, H:4=BRARWZ 18 (8 7 il AR

10.2% . 18.9% f127.5%., FCV i A#H

XoF BRI 4

FEARAICR LA A1 BBV FE B AR IRAICR ST

443 FEER L
b SO R T A B T T I R 4

A iy JE

R, [FEE T 3FRNFEI R, W 16,
AR ZERY 5 HOE 55 9 ek T 28 % 5 1 4 A A S 30
ADP (f) F1IGWP, & 9~10F/~.

F16 ARAEEPNHLES BfI: %

] St 5t a1 52 53
ICEV 90.10 78.43 48.69 20.51
HEV 4.67 11.12 24.85 34.46
PHEV 1.07 2.33 5.55 8.20
BEV 4.15 7.33 19.37 34.01
FCV 0.01 0.79 1.54 2.84
358-09
soe-os | —
2.5E+09 - B —

o .
1.5E+09
1.0E+09

3.0E+08

ADP(H)MI

0.0E+00

=t 81 B2 =&

ICEV = HEV ® PHEV » BEV mFCV

B9 AEZEERSLLIES THITHIERZIERN
4w EE ADP (f)
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2.5E+08

2 0E+08 = e
| B
1.5E-08 .
1.0E+08 .
50E+07

0.0E+00

GWP/kg

RuEE BE "H 1553

ICEV = HEV = PHEV « BEV = FCV

B 10 AREZES S ER T A HiE L&
EEWEAGWP

Hi El 9~10 Al AT, *ﬁtt?%wf Hoa, L.
% 55 2 FHAE 37 3 0 30 T A P 5 3 4 A i JA DI A A g
T5 T FE B FRAIG 2.6% . 10.4% F117.7%, H4 kA &
) A BRI I V(LA AG 2.9% . 11.8% F120.2%. Bl
BRI MHE, A BT BRI A I T 18 P 2
(18 4 A= i SRS A A R IR R R 2 R AR IR v 1

B =i

I8 T T % 52 38 Y 4 2 i SR U Ak A R IR T AR B
ADP (f) F14BR7Z W2 ¥ {6 GWP 43 5l iy 3.26E+09
MIJ F1 2.16E+08 kg, F v 4 48 i) 4> A= 4 J& 1 ADP
(f) FGWP I (5 EL o518 77% F189.5%, = T-if %
Mt A AN B BT T, as AT 4R B B
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