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Life Cycle Assessment of Environmental Impact of High Viscosity Modified Porous

Asphalt Pavement
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Abstract: Due to the high construction temperature and large carbon emission, high viscosity asphalt mixture causes harmful impact
to the environment. Thus, it is important to conduct life cycle assessment (LCA). Four kinds of resource consumption and six kinds
of pollutant emission were established. The equivalent assessment model was used to calculate the proportion of each environmental
impact in different construction stages. The analytic hierarchy process (AHP) was used to calculate the weights of different ecological
impacts, and the comprehensive index evaluation was conducted after the weights were assigned. Based on the above-mentioned
procedure, the LCA of the material production, mixing, spreading and rolling process of the traditional mix and the modified warm
mix were conducted. The results showed that the high viscosity modified porous asphalt mixture was superior to the traditional
porous asphalt mixture, because it can effectively reduce the environmental emission. The energy consumption and pollutant emission
of bitumen is much higher than other raw materials, and its environmental impact is dominant. The material production stage has the
greatest influence on ADP, and the mixing production stage has the dominant influence on energy consumption, pollutant emission,
GWP, AP, HT and POCP, while the spreading process and rolling process have little impact on the environment.

Key words: high viscosity asphalt mixture; life cycle assessment; equivalent evaluation model; multi-level analysis method
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Table 1 Grading information of high viscosity asphalt mixture

G LR /mm BECAE B e TR ARG Piic B
16 100.0 100 100 100
13.2 93.2 90 95 100
9.5 65.5 40 55.5 71
4.75 19.1 10 20 30
236 14.4 9 14.5 20
1.18 10.0 7 12 17
0.6 7.9 6 10 14
0.3 6.3 5 8.5 12
0.15 5.3 4 6.5 9

0.075 4.7 3 4.5 6
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EHBEEEHENENRH SIS N BN, K
FIE TN 175°C JEAR In#A, N SBS o7 H %5 771
B A4 L4, 56 FE 3 A 1000r/min,  $E FE 30min;
BB B CBIRE T E 185°C, R w5 AL BT 1)
50min, BIY)HEE AN 4000r/min; & =B, 8IS G,
05 B B & 170°C, B4k K E 1h, B HEE N 10001/
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RN REFWERH S TSN B, ki
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min; 2 =BYEL, BUUISSE, CBIEERE 175°C, fidk
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Table 2 Comparison of test results between the improved high viscosity
asphalt and the traditional high viscosity asphalt

HARER AL EFFSR R SRR BORER
Ak °C 94.8 94.7 >80
FFNE (25°C, 100g, Ss) 0.1mm 55 58 >40
FEE (Scm/min, 5°C) cm 42.7 49.5 >30
135°C A1i F46 % Pa's 2.820 4.850 <3.0

60°C ) /1R Pa‘s 161375 143675 >100000
TR °C 1.6 5.8 <25
FifE (25°C) N'm 24.1 19.7 >20
Wtk (25°C) N-m 18.5 15.3 >15
BB EFNFELL (25°C) % 87.2 86.7 >65
BRI AEFE (5°C) cm 26.4 234 >20

®3 HEREGHMRREMCEMALEER
Table 3  Test results of leakage loss and flight loss of asphalt mixture

PRI Wi IR (%) FARTER (%)
WP R A 0.09
PR B KRG e <0.8
B R 0.12
W R = F 6.17
TR A <15
PR P T B 9.35

HE2 LAY, HAMR SRS B R
PRER S S B TR KM, Hrp 135°C A RN
T 3.0Pa-s, 60°C 2 1 & EA Bt i, 30 % 161375 Pass,
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Fig. 1 Boundary conditions of asphalt mixture life cycle assessment
o ZE H
3.2 HmEABHERESN

ST R A R

T FF R R T TR A BRI Gt R R A R
A A, ONEMB A R AR MR
B, MR SRMEF LA, R TER S MR
o G 7 K BE R AR AN TS e HETRG BT AR A R
ol B 7 F b Az e R AN R I R I S R X, B B
AR B R E P R B WA S LA

3.2.1

IR AR AN T R REAR AN TS Qe AR B . R 4 A
S BURORIE T E Gk AR s L A E e G AR A
o PR EE S v AR g UL o [ [ b R T R 2
ok U Ho AR E R O R R L
WG R B 45 A FUONAR I, H BN N 5T RN
Tl MARAEY CO A i . b =FhoA4 e} K diE
EEE ML ESCER R T BAR AR, ASCR AL
B MRHES AT

R4S TWH RGN TR, £S5
WoR T R BB AT TS G HE R -

T4 PERAGBMBMIZREHE

Table 4 Asphalt mixture material and process energy consumption data

b T : R
RIRR A HoAh U5 (493
WP 8.65E+08  2.17E+09 — 4.10E+07
AR — 2.10E+07 1.00E+07 1.00E+06
SBS &7 1.16E+07 4.26E+07 9.67E+04 5.62E+05
v g - o e
el — 3.25E+06  1.09E+06 —
C9 F i i i — — 2.16E+06 —
Fase 7l — — 5.07E+07 —
ik 8.77E+08 2.24E+09 1.18E+08 4.26E+07
HERAE P R 3.40E+10 — 3.20E+09 —
4 ok 7R — 7.02E+06 — —
iR — 6.20E+06 — —
SOHFE 3.49E+10 2.25E+09 3.32E+09 4.26E+07

x5 HEREHMVMBINIZERSEHR R
Table 5 Emission data of asphalt mixture material and process pollution gas

TR (kg/t)

e TZ
Co, SO, NOy co CH, N,0
MR 1.74E+02 7.80E-01 7.70E-01 6.10E-01 6.12E-01 —
R 1.42E+01 7.88E-04 1.23E-04 1.49E-03 3.82E-06 3.61E-05

SBS &/l 6.79E-01 9.01E-04 1.43E-06 5.90E-04 2.74E-03 9.88E-06
kb MIZSF 3.61E-03 1.57E-02 1.37E-02 — — —
SREEs EAER 1.06E-03 345E-04 3.10E-04 — — — —
CY Ay fiE 1.93E-03 6.27E-04 5.45E-04 — — —
FUEi  4.52E-02 1.47E-02 1.28E-02 — — —

&it 1.89E+02 8.13E-01 7.97E-01 6.12E-01 6.15E-01 4.60E-05

AR 3.32E401 1.08E+01 9.38E+00  — — —
Lz on 9.59E-02 4.61E-04 8.66E-04 1.03E-04 6.06E-08 8.52E-07
LR 3.06E-02 1.07E-04 1.83E-04 2.00E-05 6.54E-09 3.13E-08
AR 222E+02 1.16E+01 1.02E+01 6.12E-01 6.15E-01 4.69E-05

MR R A 77 BEFE A S RE, R AR 7T BEFE i
. HEEREES T HRRANINFIERE, 5 R E
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AR E. NITEIRA R LREFEMERE, FE
Vit AR T A AR A R S B, o R RE AR
91.9%, XMW TH FWEHRASSAEPTFERLEEHR
v R, P R RN R ST FE R RERE A T . B L
STPE M REFE R E A R AE T REFEN 11.34 15, JHAET
2 B> A RV

TG B HE ARG, R RV E I R, R
IS R P HE R B T AR R A R, R RS e HE
TR 98.9%, (5 iS5 Y HE I 76.0%. 53 IR A Rt T
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Table 6 Energy consumption data of traditional formula asphalt mixture
materials and process

MR TE _ REAn
RIRA ERT: HoAb IR i
Wi 3.57E+07  8.95E+07 — 1.69E+06
R — 1.91E+07 9.53E+06 9.53E+05
SBS &7  4.13E+04  1.52E+05 3.44E+02 2.00E+03
PR i fﬂﬁﬁu — — 1.42E+05 —
binEs Sl — 0 0 —
CY A1 fig — — 0 —
e — — 5.31E+03 —
Git 3.57E+07 1.09E+08 9.68E+06 2.65E+06
FERAE R R 3.40E+10 — 3.20E+09 —
Pl I R — 7.02E+05 — —
T R i 7 — 6.20E+05 — —
S FE 3.40E+10  1.10E+08 3.21E+09 2.65E+06

®7 FERAHFTREHMMBINIZERSEHRYE
Table 7 Pollution gas emission data of traditional formula asphalt

mixture materials and processes

15 RAHER (kg/t)

el T2

Co, SO, NOy co CH, N0
AN 7.09E+00 3.22E-02 3.18E-02 2.52E-02 2.52E-02 @ —
R 1.35E+00 7.50E-04 1.17E-04 1.42E-03 3.64E-06 3.44E-05

SBS #i#7fl 2.42E-03 3.22E-06 5.11E-09 2.11E-06 9.78E-06 3.53E-08
WklERs AR 945E-06 4.11E-05 3.58E-05 — — —

A Bk 0 0 0 — - —
CO i fig 0 0 0 — — —
el 4.74B-06  1.54E-06 1.34E-06 — — —
it 8.54E+00 3.30E-02 3.20E-02 2.66E-02 2.52E-02 3.44E-05
PR AR 3.32E+01 1.08E+01 9.38E+00  — — —
L3 pon i 9.59E-02 4.61E-04 8.66E-04 1.03E-04 6.06E-08 8.52E-07
[ 3isur] 3.06E-02 1.07E-04 1.83E-04 2.00E-05 6.54E-09 3.13E-08
SR 4.19E+01 1.08E+01 9.41E+00 2.67E-02 2.52E-02 3.53E-05

*8 BHUREANSRESHNVMBINIZRERE
Table 8 Material and process energy consumption data of warm mixing

improved formula asphalt mixture

FERE (J/0)

W Le TN Gm bR R
WitFHR  3.45E+07  8.67E+07 — 1.64E+06
AR — 2.00E+07  9.53E+06  9.53E+05
SBS & &l  3.87E+04  1.42E+05  3.23E+02  1.88E+03
MR B — — 1.24E+05 —
i bRl — 3.86E+03  1.30E+03 —
C9 Fil g — — 1.54E+03 —
FasE 7 — — 4.83E+03 —
Gt 3.46E+07  1.07E+08  9.66E+06  2.59E+06
AR 2.72E+10 — 2.56E+09 —
EL37 PuR S — 6.65E+05 — —
e [ 3 72 — 5.87E+05 — —
ps¥itsa 2.72E+10  1.08E+08  2.57E+09  2.59E+06

*9 BHUREAIEREARMEANIZSHIEHREE
Table 9 Emission data of material and process pollution gas of warm
mix modified formula asphalt mixture

" SRR (kg
BHRL T2 * L)

Co, S0, NOy co CH, N,0

WEHE 6.96E+00 3.12E-02 3.08E-02 2.44E-02 2.44E-02 —

R 1.35E+00 7.50E-04 1.17E-04 1.42E-03 3.64E-06 3.44E-05

SBS i &7 2.26E-03 3.00E-06 4.76E-09 1.97E-06 9.13E-06 3.29E-08
MOEERS MIZER 8.25E-06 3.59E-05 3.12E-05 — — —
K sk Sl 1.26E-06 4.11E-07 3.69E-07 — — —
C9 fim s 1.38E-06 4.47E-07 3.89E-07 — — —
el 431E-06 1.40E-06 1.22E-06 — — —

&Gt 8.31E+00 3.20E-02 3.10E-02 2.58E-02 2.44E-02 3.44E-05

FERA 2.66E+01 8.64E+00 7.52E+00 — — —
P 9.08E-02 4.37E-04 8.20E-04 9.75E-05 5.74E-08 8.07E-07
3 vw 2.90E-02 1.01E-04 1.73E-04 1.89E-05 6.19E-09 2.96E-08

SHE 3.50E+01 8.67E+00 7.55E+00 2.59E-02 2.44E-02 3.52E-05

IIHTRR 6~ F 9 KL T A

(1) MBS, RO R I LR % G 7 7 1 5
fith Bt/ T RERE ANV Gy SRR, Hoh R AR 1t E R
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kg. 8.07E-04 kg. 8.08E-04 kg. 2.35E-09 kg [ HE &%,
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Table 10 Classification of environmental impact types
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Table 11 Characterization results of functional units of traditional

332

formula asphalt mixture in each stage of life cycle

ME T ADP/(kg/ty GWP/(kg/t) AP/(kg/t) HT/(kg/t) POCP/(kg/t)
WiTFHR  1.15E+04  7.82E+00  5.45E-02  4.13E-02  3.12E-03
AR 246E+03  1.35E+00 8.56E-04 2.54E-04  7.86E-05
SBS Zi &7l 1.96E+01  2.66E-03  3.25E-06  3.58E-07  2.13E-07
AR 0.00 9.45E-06  6.62E-05 4.69E-05  2.98E-06
PRk e AR
B 0.00 0.00 0.00 0.00 0.00
CO FM s 0.00 0.00 0.00 0.00 0.00
FasE A 0.00 4.74E-06  2.48E-06 1.76E-06  1.11E-07
it 1.40E+04  9.17E+00  5.54E-02  4.16E-02  3.20E-03
PRI 1.49E+02 3.32E+01 1.74E+01 1.23E+01  7.81E-01
i AR 9.06E+01  9.59E-02  1.07E-03  1.08E-03  4.92E-05
iSug i 8.00E+01  3.06E-02  2.35E-04 230E-04  1.08E-05
it 1.43E+04  4.25E+01 1.75E+01  1.23E+01  7.84E-01
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Table 12 Functional unit characterization results of warm mixed modified
asphalt mixture in each stage of life cycle

ML T2 ADP/(kg/ty GWP/(kg/t) AP/(kg/t)  HT/(kg/t) POCP/(kg/t)
iR 3 1.12E+04  7.57E+00  5.28E-02  4.00E-02  3.02E-03
B 258E+03  1.35E+00  8.56E-04  2.54E-04  7.86E-05
SBS iyl 1.84E+01  2.49E-03  3.03E-06  3.33E-07  1.98E-07
s HER 0.00 8.25E-06  5.77E-05  4.09E-05  2.60E-06
IREE. Rk 498E-01  1.26E-06  6.69E-07  4.82E-07  3.01E-08
C9 Al I 0.00 1.38E-06  7.19E-07  5.10E-07  3.23E-08
FasE A 0.00 431E-06  225E-06  1.60E-06  1.01E-07
&it 1.38E+04  8.92E+00  5.37E-02  4.03E-02  3.10E-03
FERE R 1.19E+02  2.66E+01  1.39E+01  9.85E+00  6.25E-01
Lz ipun iy 858E+01  9.08E-02  1.01E-03  1.03E-03  4.66E-05
TR R 7.57E+01  2.90E-02  222E-04  2.17E-04  1.02E-05
Mt 1.41E+04  3.56E+01  1.40E+01  9.89E+00  6.28E-01
ST 11 AR 12 BRI 15
(1) WNMEH RS, RS R SR HIRA RS %

GEEI TR A R T, BRAR T A R S A I IR B R
HA AT 1t P E TR AR, o Ry b G gy it
ANET B AR YR IR 5 AR PR IR T 2.43E+02kg Sb i,
ot I8 2 AN B M FR AR B T 2.50E-01kg CO, i, X
B AL R ) S R 46 bR B4 T 1.71E-03kg SO, 48, XA
e JE B AT 11 521 5 AR PR AR T 1.30B-03kg CH,ClL, M,
XAk 2 5 1R i FE AR PR AR T 9.80E-05kg C,H, i,
B Lb 20 B~ 1.73%. 2.73%- 3.09%-. 3.13%. 3.06%-
TE TG AR, 7 5 T R 9 R 3t K T L A A R
TE R B ok RBE 7 &L 6 ADP. GWP. AP, HT.
POCP 1 5 M 43 5] i A L 52 M0 1) 81.13% 84.84%-
98.29%-+ 99.26%- 97.37%; TL A& G 77 5 5 6
ADP. GWP. AP. HT. POCP [ 5 i 4> Bl o5 #1 Kl & 5
i ) 82.31% 85.25%-. 98.32%-. 99.27%. 97.44%. ik
— B UL T R B R C 5 AR R 5 R [ AR AR IR R E T
FJRWIE I

(2) NI EMER, 1£45 057 Ao iy F
AR AR = B BE X ADP I 52 W g K, 4 il A 97.90%
97.87%; F&LEFEH EX GWP. AP. HT. POCP fIi%
S, AR B B GWPL AP. HT. POCP
B 520 23 ) 5 78.12% 99.43%. 100%-. 99.62%, i+
M BT TR M BESE GWPL AP. HT. POCP ¥ 541 43
WE 74.72%, 99.29%. 99.60%- 99.52%; H 4l it A2 A
T JE 0 26 25 B B R S T fe i, (ERZ A AR P BN .
SrATR A, R IR P SR L R B B 2T ) 5
WAL F A& 4/ J7, %% ADP. GWP. AP. HT. POCP
TR B R, RS REC T SE ST,
MR T 1.40% 16.24%. 20%. 19.59%. 19.90%, F:
F B F RAE T 3L BRI A ek 2D DA R i B I R
Y B AR
3.3.3 HA—1k

DL CML #2 ) 2 HEAE AR 0 — A B el X 1 Zh
e AL TR A R R IE A &5 AT 0 — 1k, THAAS
WL 13,
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Table 13 Normalized calculation results of asphalt mixtures with different
formulations in each stage of the life cycle

ALt AORMEF R AR MR IR Gt
ADP 6.55E-06 6.96E-08 423E-08  3.74E-08  6.70E-06
GWP 2.38E-13 8.61E-13 249E-15  7.94E-16  1.10E-12
Jrp— AP 1.85E-13 5.81E-11 3.57E-15  7.87E-16  5.83E-11
HT 8.34E-16 2.47E-13 2.18E-17  4.61E-18  2.48E-13
POCP 7.02E-14 1.71E-11 1.08E-15  2.37E-16  1.72E-11
il 6.55E-06 6.96E-08 423E-08  3.74E-08  6.70E-06
ADP 6.44E-06 5.57E-08 4.01E-08  3.54E-08  6.57E-06
GWP 231E-13 6.90E-13 236E-15  7.52E-16  9.25E-13
Rk AP 1.80E-13 4.65E-11 339E-15  7.43E-16  4.67E-11
[ HT 8.08E-16 1.98E-13 2.06E-17  4.36E-18  1.99E-13
POCP 6.81E-14 1.37E-11 1.02E-15  2.24E-16  1.38E-11
it 6.44E-06 5.58E-08 4.01E-08  3.54E-08  6.57E-06

M 13 A1, R AL Sl 7 B0 B 0 B R 7 A 7R
1 Ty B8 B S 30 7 TR A Rk T 25 B B R i 28 B ) R T R N
ADP >AP >POPC>GWP>HT. A [a] [ Bt i85 52 0 K /)
RO MR =3 B2 > A 2 > Wl R > TR R 1 72
PERIEC 5 A L, IR ROk R EC T TEM R A FER B B A
A B, MR RR . BRI AR, B RE T R BT A
EeAE e e J5 2 MIBEAR T 1.73% 19.89%. 5.27%-. 5.32%.
1.97%.
3.3.4 =2ALiFN

RS HT R FREL 5 PR B R K LR A R AR, BIAZ R
WA TS, I 7 R T B P A B R e 2 AR o) A A
AW A ER T, HEES RN A0 AR
VALE N 0.112. Y= MRS B E N 0.083  AfREE
PERLE N 0.149 « IR RN A E N 0.098. ERILALE N
0.085. Xt 1 Thg s ir i 75 Ve A RE 1T — 1 25 it 47 AL,
WAL G 25 LR 14

F14 RIEHMESHEESRENTNESR

Table 14 Influence evaluation results of the two asphalt mixtures after weighting

AEE g TP R
ADP 7.50E-07 7.36E-07
GWP 1.08E-13 9.06E-14
AP 4.96E-12 3.97E-12
HT 3.69E-14 2.96E-14
POCP 1.43E-12 1.15E-12

LR iR bR 7.50E-07 7.36E-07
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AR LA G TR T 1.97%, #E— B3 TR #E ek
RECTIMBFIRA R T HEAE, R EAm, &
BRGNS R BdE v 43, WA T % 0
VB A BER AN AT AR R IR FE I 2 e o R PR R Y R
M7, 43519 99.9991%. 99.9993%. Kl 1kl T Uk /b 5
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4  HEg

(1) WEM B RS, LB M REFE 05 44
HE Gz & T AL R AR TR SR PR T SBS it
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R E e s N I RN 5 N S PPN /St S E =
He FERITS Y 2 3 PR AK .

(2) MR B A E KRG, B 0 R 58 1 52
I K FHAM R, BAEF 1t HERAR, BELE
Jic 77 LU AR G e 7 ) i &L R /E ADP. GWP. AP, HT.
POCP 1 B& EL 4» 5 A 1.73% 2.73%- 3.09%. 3.13%.
3.06%. \NTZMER, fERETT RS RECTT 48k
A e BOX ADP [ 52 B K, B A AR B BOX GWP,
AP. HT. POCP M50 5 £ 5, i F2 A0 15 L 72
PR B 0 P BRSNS

(3> M AT ENE — th &5 o b, WRREC 7 R
VR AR X % AR BE R o 5 AL [ 2 m FE B O ADP >AP
>POPC>GWP>HT, A [FEr B 13 8E 52 i KK KN
R PR > PR AR > PEAN R > MR R R, PR
RT3 M RETE 25 B B X S SR IR 1) B i 541K T A% Se i
Ji ¥k}

(4) MNEALGE Ry Hr, ALSH 7 IR ARG5S
MR N 7.50E-07 5, R KR U7 2R B R m FR
FREEA 7.36E-07 4E. XL AR, BN RETEIRS
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