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Abstract: Permeable pavement has become the key development direction of urban road pavement in the future because of its
functions of rainwater infiltration and purification. The impact mechanism and factors of resource and environment impact in its
life cycle need to be systematically and comprehensively analyzed. Based on the rainfall characteristics and pavement
engineering practice in Beijing this paper comprehensively analyzed the environmental impact of permeable cement concrete
pavement in the whole life cycle with the life cycle assessment ( LCA) . Combined with the stormwater management model
( SWMM) this paper simulated the environmental benefits of permeable pavement in the use stage and compared the changes

brought by different maintenance methods to the environmental impact of permeable cement concrete pavement. The results
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showed that the input of cement in the production stage was the main factor causing the environmental impact in its life cycle.
The environmental benefits provided by rainwater infiltration and purification in the use stage could offset the environmental
impact in other stages. From the environmental perspective daily cleaning +high-pressure washing was the best available
maintenance method for permeable cement concrete pavement. However the service life should be taken into consideration to
select the most suitable maintenance method for the best environmental performance of the permeable pavement. Therefore

the coupling application of LCA and SWMM could more accurately quantify the environmental benefits and key influencing
factors of permeable pavement in the whole life cycle. This method was expected to be applied to the systematic evaluation of
resource and environmental impact of other LID facilities and even the whole sponge city.
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Table 1 The input list of permeable cement concrete pavement in the production stage
/m* 32.5 It It Ikg /( kW+h) /kg CO,/kg CH,/kg SO,/kg  CO/kg  NO,/kg
83. 60 163. 63 2106. 25 1.42x10° 1021. 86 9942.85  3.39x10* 1.38 7.44 446. 47 26.26
2.2 2.3
30 km " JIG/T 3832—2018 *  JTG/T 3833— . 2017 ((
2018 B 14 - ) ) 15 .
2 JTG/T 3832—2018 *  JTG/T 3833—2018 "
2
Table 2 The input list of permeable cement concrete 14
pavement in the transportation stage 3
/ / €0,/  CH,/ S0,/ co/ NO,/ °
MJ kg kg kg kg kg 2.4
1.54x10° 1.14x10* 0.45 2.52 150.43 8.84
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3
Table 3 The input list of permeable cement concrete L SWMM
pavement in the construction stage 15
/ I / €O,/ NO,/ SO,/ CO/ CH,/ PM,y/
kg t  (kWeh) kg ke ke kg kg kg
951.36 113.00 111.60 3.01x10° 31.04 0.67 10.25 0.08 2.00 o
2.4.1
SWMM
16 1822 4.5,
4 LID
Table 4 The lid parameter setting of permeable pavements
/ / / / / /
mm ( n ) % mm ( mm/h) mm ( mm/h)
5 0.013 1. 14 180 0.2 245 350 0.52 200

Table 5 The parameter setting of surface pollutants
/

(kg/ha®) /d
TSS 220 10 0.7%1072 L8
COoD 200 10 0.6%1072 1.8
TN 7 10 0.4x107° 1.7
TP 0.6 10 0.2x107 1.7
2.4.2
23 24 3
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20% 4% B®,
+ + 3
1) . SWMM 3
15
2) . 17
25 26 3
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Figure 4  Variation law of purification rate of various pollutants by
4 o SWMM 3 . -
permeable concrete with service life
15 TSS.COD.TN TP

4 . 3) .
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Table 6 The benefits list of permeable cement concrete non-mmotorized lane with different maintenance methods
/ / TSS/ COD/ TN/ TP/ / CH,/ H,S/ NH;/ N,0/ /
m’ kg kg ke kg (kWeh)  PAC/kg PP/kg kg kg kg ke ke
-3.13x10° -4.50x10° -3.62x10° -89.18 -10.10 -8.94x10* -703.98 -879.82 -494.35 -1.81 -1.03 -253.43 -31.29
+ -3.61x10° -5.13x10° -3.75x10° -102.97 -12.35 -1.03x10° -812.52 -1.02x10° -570.57 -2.09 -1.19 -292.51 -36.11
+ -4.39x10° -3.79x10° -2.74x10° -61.49 -10.28 -1.26x10° -988.34 —1.24x10° —694.03 -2.55 -1.45 -355.8 -43.93
2.5 8
DB11/T 353—2014 Table 8 The list of permeable cement concrete
» ¥ pavement in waste stages
1 /
/(kWeh) — — 4. 09%10* 4.09x10*
1 1 ° JTG/T 3832— /kg 564. 82 258. 45 0.41 823. 68
2018 ' JTG/T 3833—2018 " . It — — 4.06x10°  4.06x10°
14 7 CO, /kg 1.78x10° 5.59x10* 4.67x10* 1. 04x10°
° NO, /kg 18.43 43.30 213.44 275.17
7 CO/kg 6.00  735.89  113.36 855. 34
Table 7 The energy consumption and emission list of S0, /kg 0.40 12.28 42.21 54. 89
different maintenance methods /kg - - 482.92 482.92
+ + COD/kg — — 1.27 1.27
/ SS/kg — — 8.07 8.07
1 11 11 11 1 CH, /kg 0.05 2.26 — 2.31
kg 1.98x10* 1.98x10* 2.00x10* PMyo Tke 119 — — 119
/(kWeh) — 1.25%10° -
/m? — — 1.65 3
€O, /kg 6.32x10* 6.32x10* 6.37x10" 3.1
CH,/k; . . .
‘4g 2.58 2.58 2.60 3. 1.1
S0,/kg 13.87 13.87 13.99
CO/kg 831.23 831.23 837.92 SimaPro ReCiPe 2016 Midpoint
NO, /kg 48.95 48.95 49.35 3
2.6 9 o
. 4
. 3215.32 ~ 8663. 16, 642.72 ~ 660. 84. 400. 65 ~
424.97.686. 83~ 713. 81,
1 kmo
JTG/T 3832—2018 " | JTG/T °
3833—2018 " 14 .
31 8,

60% ( 5.
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Table 9 The life cycle impact score of permeable cement

concrete pavement

+ +
111.75 110. 27 107. 64
1.14 1.11 1.06
4.09 4.06 4.02
82.90 79.72 74.29
43.37 42. 46 40. 82
96. 17 92.48 86. 18
90.97 89. 07 85. 60
-7.14 -10.78 -7.89
0.10 0.10 0.10
172. 66 172.05 171.07
424.97 415.69 400. 65
713. 81 703.51 686. 83
8663. 16 6583.72 3215.32
660. 84 653.93 642.72
0.23 0.23 0.23
0.03 0.03 0.03
111.75 109. 74 106. 24
-1132.43 -1313.36 -1606. 43
3.1.2
3
+
o +
+ 1.42
.22 .
1— 2— 3— 4—
5— 6— T—
+ §— 9— 10—
2 11— 12— 13—
14— 15— 16—
’ 17— 18—
+ 5
Figure 5 Environmental impact contribution in the main stages of the
+ 37.11% :
permeable cement concrete pavement life cycle
48. 84% .
+ + 1.51 1.37 .
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Figure 7 Comparison of life cycle impact scores of permeable cement

concrete pavement with different service lives
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