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Influence of Asphalt Pavement Design Parameters on Carbon Emissions
Based on LCA Technology

ZHANG Hai-tao, MENG Liang, LU Li-hua
(School of Civil Engineering, Northeast Forestry University, Harbin Heilongjiang 150040, China)

Abstract: The indexes of structure performance and economics are applied generally as the main criteria in
highway design and construction. But it will produce a lot of carbon gas emissions during the process of road
construction, and this environmental influencing index is not considered. Therefore, it is necessary to
quantify and analyze the carbon emission in highway construction as a design index, which meets the
requirements of the sustainable development strategy. Based on typical asphalt pavement structure of
expressway in China, through LCA carbon emission assessment of 3 kinds of asphalt pavement structure
types, the influence degree of design parameters of asphalt pavement layers on the carbon emission
characteristics is analyzed. The research contents include; introduction of technology content of LCA,
determination of asphalt pavement design parameters and LCA carbon emission assessment parameters, LCA
carbon emission assessment of different asphalt pavement structures, analyzing influence of different design
parameters on LCA carbon emission characteristics. The research result shows that (1) the influence of
carbon emissions in asphalt pavement construction stage on the greenhouse effect is most serious, the

proportion reached more that 95% , the proportion of the influence of carbon emissions in production stage on
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greenhouse effect is the largest; (2) the effect of changing the type of asphalt layer on the carbon emission

has could greatly improve the carbon emission in the production stage of asphalt pavement, while the effect of

changing the thickness of asphalt on carbon emission is to has almost the same proportion of carbon emission

in each stage. In the present era background, building a green, low carbon road is the certain direction of

highway industry. It is suggested that the whole life cycle of carbon emissions should be considered in asphalt

pavement construction, and the use of new energy should be promoted in asphalt pavement construction to

reduce the carbon emission of asphalt pavement.

Key words; road engineering; design parameter; LCA; carbon emission; asphalt structure layer

0 3

ME S SR n ke, A& X
T RE R B 28 0% 110 TN 3 A e Ji 2 % 1Y) — L PR BT
M (%, R, RERE) CLER T —E
ARL S som o 2\ B A S BE Al 150t AR A
gy, WEREMEL. ANJ1. PUWEE, rRldti—
AN T BERE SR R I BE IR AN BRHE BOR 2 75 Y,
T H AT 2 i e 5 i A v o A — > A T 1Y)
U S ok IR L7

HETABATI I T IE ATl iz 7 24
M2 75y I PE  (Life — Cycle Assessment, LCA)
A s CAR R AR B AR R, A LCA SR
BRHER ) S S BT, AR AP AR H
IRHEBOK o I, iz LCA ®] RUXE LA H 1Y)
WRARBOK VA B3 M7 IR, DT 35 2136 35 fi e
RS,

Wi BRI 25 R A PR R 25 PR S
LUTHRPS, TR Z BN AT RS2 . AHE5E LA E N
o R B T LT T I T A A S, 3 e AR
HEMZEMA BT SE (D RSk R SREAE
JE) TR H i 3 Fh i p gt 2R A, A
LCA X 3 Ffr i 75 I8 180 45 14 28 B 1) B HlE i it 47 7 B3
i, SIHTANIEI W T S AL J2 B 2 O Bk HE T AR
eBE Ry AR BE o WIFFE A SR AT LA 0 7 I T 454
ORI e 1 S W s T B Y BRI HE R i — E Y
BORZFE, MEHEBot. LA RA—
ERZSHEME

1 HEBE LCA &

1.1 LCAEARNE

LCA RN AEEEZ 10 4 Aoy, wiEHRS
HREE SO, WM. L PR . A SRR
HAHRKAR N 1 s,

(1) HtsSEEE

il

F 755 362 X
v
WA @

|1 '

SEWIPEAY

1 LCABEARAE
Fig.1 Contents of LCA technology

ZBr B LCA 73 #r s —2, #iE LCA iy
NF o AR S SN ER AT LGRSO, BT A
VPR 18 9 BE TS 90 B A REHEAT 18 5 19 20 M 5 PR A
AR OFT VL EZ LCA 20 AT RT3, H ELAR I i
KR

(2) AT

MRS LCA FRpga%.G, Jlad i 50 A
REAE X IR I H A7 SN AR 9 1 i 5 S A A A2,
HAFBIRA R LE . W TUIE BER U, W 5
EEASE . P PRI S AR I RERE S
R, T Az b AR AL A7 S S
MIREAE SR HRICAT o G 2 38 500 M T ARSI B
P I v A A0 REAE S BR HE IO T BB 5200
T A A 5 Tl

(3) RWiE

SO PP I AR 570 M 9 S Al X35 B0 AT Y
GERBEATHE— L IR B S 0 Mo o M BLREFE S5 e HE
TCILURE R, 25 B Bow T ERSE R 05 b, X L
F BRI/ o A S MR DA AT LS A TR R A 4 0
T O T AR BE A 5 e HE O BRI A0 2 1] S
WY, REISCHETT L, RO OCHE AL, AT A 2
PR b BRI 7 5 00 0T PR AR 5 o

(4) SEARSRRE

SRR XS TG B AT RIS IR P B 4G SR AT
P2 A, XTI i AR R A RO Ha



%24

SKEVE, SF. JET LCA AW I 1T BT F2 RO BHE R 52 ) 3

L, AR A i AL S P BEARE SO BRI R
2 BARSHMIERE

2.1 HEBRmEITSH

SR ] PN R 190 v R I 0 T 8 T 45 A Dy A
IS Y2368 1 km 2 —A N REHLICHEAT LCA BRI
PEAG, BEEITERE N 4 x3.75 m, B{IETEREN 24.5 m,
PUEr 3 MBS AR 1 o, H, 458 1 &
F I R 2 i LAY ) 0 7 PR T AE A S A s A5 1 2
e T B s L2 RS R
SMA - 13; 54 M 2AE454 1 fyFEml 0 T 1
JEHYEEERGIN 2 em,

F*1 BEEGEHEDR

Tab.1 Pavement structure types

BRI 2 25 1 5 1T it T
L2 4 ecm AC-13 4 ¢cm SMA -13 4 em AC -13
i 2 6 cm AC -20 6 cm AC -20 6 cm AC -20
A 8 em AC -25 8 cm AC =25 10 em AC =25
2.2 LCABHHITMHSH
2.2.1 #HEHBY

AC—13, AC =20, AC-25 Hi HELR YT,
SMA - 13 HindE Al , WIEDHEIRARHE
GHeiit, BARMEASEWNZE 2 Fin.

*2 FERANMBEASHY

Tab.2 Technical parameters of asphalt mixture

ppen T R I/
F&L/ % (1#%:2%:3%:4%: 5% b)) (g-em™)
AC-13 5 8:21:23:26:0:6: 16 2.351
AC =20 4 9:0:12:54:0: 6: 19 2.358
AC =25 3.4 17:0:18:25:21:5: 14 2.365
SMA - 13 6 8:2:40:40:0: 10: 0 2.353

W 1F (0 ~2.36 mm); 2% (2.36 ~4.75 mm); 3% (4.75 ~
9.5 mm); 4" (9.5~16 mm); 5% (16 ~31.5 mm)

2.2.2 BHMHEARSH

AW 5¢ e R 95 ( Emission-Factor-
Approach) TR T i 1M i Bk AR P B RRHE T HE
TR T ikt IPCC 2 H S — Bl 5 L i 9 75 5 )
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TS A o 455 TR B U B B B 9 4% B B
AR AR L HE T R AR08 S - 7 A 7 B Bk 0 2 R
U b2 0 7 2 i S U3 B A B HET IR T A
TR AR Bt F A 2 3 1 38 o A ik s 7
A BEAR R T 0% A R R IR 55 a8 g e B2 T A
EEA #5749 440002 fiy i e rp o R0 S A2 i R 9 1

w1 T T B B T AILBR T LASE I D R, T ke
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Tab.3 Carbon emission factor for each stage

HERR T/ (- t71)

HERCH)
WHEE™ BEWEE™ M iz iy Jifi T

CO, 174244 295910 18.5 3140 74 100
o 613 671 0.2 8 0
CH, 595 1085 0.003 7 3
S0, 781 210.4092  0.044
NO, 770 1375 0.06 37
N,0 0. 061 0.6
NH, 0.015

NMVOC 331 331 1.6
VOC 0.004 1
TOC 0.007 5

Wk R 161.2 265 0.0001 1.2

AT HE A AT ) LA 2AH B B R, A
FFOR R R AR AL IR 1% T 4% A5 B D AT R A
LAFAETS Yoy 5T BT AR o 8 FH IR AE AR IR 71

AL RS R R 0 frp B0 4 R BLR 0 . I
B (ABRAZWE ) . BRF SN fERRIGE . R

PM10, HAFEALIH AT (k4 PrR) .
F4 HRMBTELET

Tab.4 Characteristic factors of emission

WA AT FRERRE | s EmE T FHE AR T
€O, 1 S0, 0. 096
EIRAT CH, 25 NOy 1.2
N, O 298 co 2.4
feRRfa %
S0, 1 voC 0. 64
FR AL AN NOy 0.7 TOC 0. 64
NH; 1.88 NMVOC 0. 64
PM10 1
PM2.5 1

2.3 hEEEEEHHRAESAITEEE
2.3.1 hEEEEZHERAENITEER

Wi B R IR E IR AR B W
HIRG BRI B, s B B B, B DA Sk
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3.1.1 Z# 1 # LCA BHERIT M

(1) MRy =Fr B

545ty 1T AHEE, 45 T LR =R H SMA - 13
MR IR ARG T A AC - 13, WiE AT
SO, RS MR I TR AR Y 2 AN
AEERT DL A S B g4 T A I A9 575 6 1 S b R
B(nFES FR) .

x5 FEMBER

Tab.5 Raw material list

LER A Wi ot W 1* 2* 3* 4* 5% W
ZEW T/t 242.11 — 340.27 757.72 282.12 1 047.89 2 137.37 576.38 986. 91
ZEH T/t 174.94 79.91 392. 85 756. 8 26. 64 1271.67 2 320. 83 576.38 771.97

MRAER 3 AR 7, 3% 4 FetE LN 7 Fn 3k S
JEA R, RIS (2) AT AR 24k 1A
BB 4 AR 2E R AR IR AL A R (s 6,
RTR) o

®6 HEFEETHMRFELER (FHI5441)

Tab. 6 Asphalt production stage characteristics

( structure II and structure I )

RS 45t 1 /¢ ity 1 /g

iy O 45 787. 60 58 898. 20

TR FH AT 319. 58 438.09

{RRRRE G 649. 34 759. 16

A ) 5 39.03 49.38
xRT HERAREIMBSELER (015444 1)

Tab.7 Asphalt mixture mixing stage characteristics

(structure I and structure I )

A eS| M1 /g ity /g
T EE RN 113 947.70 118 471. 40
TR R A 527.07 547.99
fa e fe 3454.42 3591.57
R4 55.77 57.98

M6 AT LAE H, MM (RERAER) /Y
MR G 36 95% VL BRI R R
Xt 4 APPSR A AN R RR B A 3, L% AL
B (BRARHR) BRZMAIE N T 28. 6% , IR A% HE
T 37% , f#FEAEFEEIN T 16.95% , FOR ) it 5
T 26.5% . P, BT 2 ISR IR I A0 Y
SEMAROR, xR =N, (RRAER) 5 BRI
(IR R ECHTR] , X E S 3 AR R f5e /)N o

MERT AT LA, D575 )2 28 B A i A 7 TR
FORHERIGT BEX 4 D IREER B IREm R B F (7
HA% ), ATWL, P RIS T R AR R
BB HER R R R AR 5

(2) BhbrEe

sk b Be iR HE S ds B K TR YA R,
Wi 3, R4 WHEE T R T K8 B
. PRI IAE R 43.0 MI/kg, #R#EC (3) HEAR
IG5 L 5454 1 sk b B s HEC . P o 254 1
HOBAEZH T LAl o TIhs 2268, A
TRERALZHT, b, 450 Iz b B e S5
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Tab. 8 Quotas for asphalt pavement transport machinery

AR
B IR LERhASS: )
B TEE/ k
=] B ?H}%%/kg {m*{ g
T 15t AEBEE 38.03 67.89 2581.86
254 T AR R

(3) Tt kB

Rz Bt Ak, M (A TRIWE
PEER) PR AU AL & BEFE (IR
9), ME (3) WLUHAARISM T T AFaEfe
R (N 10 R o

R FEBEETINERD

Tab.9 Quota for asphalt pavement construction machinery

I i PO EPEMAE ke DL i & BENFE kg
12.5 m #EffAL 136. 41 16 ~20 t H i Hl, 42.29
6 ~8 t JEFEHL 54. 86 20 ~25 t JE &AL 50.29
12 ~ 15 t FEg&HL 80. 92 15 t YR 3 R FE AL 80.92

F10 FEIMERSAELER (FHI55E1)
Tab. 10 Construction stage characteristics

( structure I and structure I )

B T /g /g
2= U 7 576. 80 8 323. 31

M 10 Hal i, I )2 2 T A A A o8 A il T
BrBOU i ON (ERAER ) WISEMAE N T 8. 7% .
W 112 ST A O 5 B0 T B B At R R ok

Bt TAUGR I 5 BEAEHE N, DA it S s HlE s iy 48
i, ARG A i A K
3.1.2 LCAmHEM S

S8R TR XF e R 2 s X g 2R R
1, SRR W SR TR AN TR B Be i) LCA B HE O i

F/MERIR R RERN (RERAERR) > FEEF >
BRAL N > R o o
2500009 193846
2200 000 { 173 466 m 45441
o g
£ 1500004
=
5 1000004
50 000 1053 4517 110
. 914 4271 98

WEN BN R BRI

2 =EAHERBBHERFE L S R L
(EHNSEMT)
Fig.2 Comparison of carbon emission characteristics in

3 stages ( structure Il and structure I )

3.2 mEMEREEX LCA B (F&4m
541 1 3tLt)
3.2.1 Z#lll# LCA BrHERITSG

(1) BRI BrB

g DAL, g5ty Mo 11wz )RR,
RAVE o HE W 7 1R G Rk B9 BE AL A7 b RT AT
TR AR I A7 e ARG B (AnER 1L i) .
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Tab. 11 Raw material list ( structure I )

(AL E 3 Wi i 1* 3* 4* 5* w
ZEf T/t 242. 11 340.27 757.72 282. 12 1 047.89 2137.37 576. 38 986. 91
ZEM T/t 269. 41 374.38 873. 67 282.12 1 170. 69 2 307.92 719. 65 1232.22

[f] 3. 1 7%k, W] RALTFSAs 20254 AR ™ B Berd 4
AR IEALEE R (s 12, R 13 FioR) .
K12 HBFEEFMERHFELER (BFHNE55E4T)
Tab. 12 Asphalt production stage characteristics
( structure Il and structure I )

RS 45t 1 /¢ S/ g
iy O 45 787. 60 50 950. 55
TR FR AT 319.58 355. 62
e Fefe 649. 34 722.56
kL) 39.03 43.43

ME L2 /JUEH, SUEhEREE, LRk
(4 4 DRSS N T 29 11.3% . K 13 A[LUR

13 HBRERHNMESLELER (SMIE54E41)
Tab. 13 Asphalt mixture mixing stage characteristics
( structure I and structure I )

A 45 1 /g ity /g
T2 R 113 947.70 131 640. 50
% T 2550 17 527.07 608.91
e s 3454.42 3990.79
kL) 55.77 64.43

W R M A SR AR AR R B X 4
AP AR R T 15. 5% . 1575 R
B ARSI 16 A B 0 W K T 7
B
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Tab. 14 Fuel consumption in transport stage

( structure Il and structure I )

THFE
BHTHLAR LA
HH H#E/k
R R ke i
25 1 38.03 2581. 86
15t AEAESE 67. 89
bl 42.30 2871.75

F15 EHMEHRHRSTELER (SMI544T1)
Tab. 15 Carbon emission characteristics in transport stage

(structure II and structure I )

A eS| 4K 1 /g i1/ g
A=Yy A 8 153.97 9 069. 50
PR AUV 66. 94 74. 46
e REfE % 166. 85 185.58
R 5 3.09 3.45

S al A, P T2 5 A O A B By
4 A FE A YRR RGN T2 11. 2%

(3) HiLBrE

g5 1 it T B Bom#e i3 05k, iHRs 2
S5 I AIIAE S 2 593. 25 kgo AR IAG & X0 dh T 2
TR 50 WA RERES R (A 16 FioR) o

F16 HMIMRPFELER (FHMIE5EHT)

Tab. 16 Construction stage characteristics

( structure I and structure I )

eS| iK1 /g T/ g
TR E BN 7 576. 80 8291.19

16 AL, Wi 25 A ARk S 2R = R0
(BRAER) BEINT 9.4% o it T B Bt A BR HE i RRAE
A RIG N = 22 A Dy AR i 39 05 vt T AL
G LRSI, AHRHE N T B HERL
3.2.2 LCA®RHEM ST

54558 T T bz SR a8l 3 fro, xfbhgh R34k
W, ORI 25 AN ) B Be g LCA B HE T 1)
KA

i Refe > BRALRLN > iR 5t >
TR (R .

WEMY WA T R
3 = HERRBHEHE SR (SIS 55441)
Fig.3 Comparison of carbon emission characteristics in

3 stages (structure II and structure I )
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