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Study on Carbon Emission of Epoxy Recycled Pavement Based on LCA
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A sphalt pavement is widely used in road construction at home due to its excellent road performance. However in the whole process of
asphalt pavement construction and service a large amount of road construction materials and energy are consumed and a large amount
of greenhouse gases and polluting gases are also emitted during the period which even leads to energy waste excessive carbon emissions and
environmental pollution. Under the background of ‘carbon neutrality’ and ‘peak carbon dioxide emissions’ many international and domestic
organizations in the transportation industry have carried out research on road energy conservation and emission reduction technologies. Epoxy
asphalt recycled mixture can not only effectively utilize waste asphalt mixture whose content is much higher than that of ordinary recycled
pavement but also has better physical and mechanical properties than ordinary recycled asphalt mixture and its service life is longer than
ordinary recycled pavement. From a life cycle perspective epoxy recycled pavement has less carbon emission. This work studied and analyzed
the epoxy recycled pavement and quantitatively analyzed its overall construction service and maintenance process based on the carbon
emission analysis method of the whole life cycle. The results show that the epoxy recycled pavement with 60% 80% and 100% RAP content
reduces carbon by 52.82% 54.17% and 55.50% respectively compared with the new pavement and reduces carbon by 53.79% 55.12% and
56.42% respectively compared with the recycled pavement.
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Table 1 Carbon emission factors for different fuels
kg kg kg kg /m? /( kW = h)
CO,Eq kg 0.031 7 0.48 0.37 0.28 0.17 0.93
/MJ 20.91 43.07 42.65 41.82 35.58( ) 3.6
CO,Eq kg 1.98 2.99 3.16 3.24 1.99 0
CO,Eq /kg 2.01 3.46 3.53 3.52 2.16 0.93
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Table 2 Combustion carbon emission factors for different fuels
kg kg kg kg m’ kW ¢ h
94 600 69 300 74 100 77 400 56 100 0
mg/MJ N
RAP; ( European Bitumen Association)
(1)
3
Table 3 Carbon emission factors for asphalt
/ IPCC 2013/( kg CO,Eq/t)
Eurobitume 2020/ Ecoinvent 3.5 Eurobitume 2020 '® 207.500
Eurobitume 2020/ Ecoinvent 3.5 Eurobitume 2020 '¢ 149.600
. 17
FEurobitume 2012/ Ecoinvent 2.2 Eurobitume 2012 174.240
/ 19 252.417
2008 ’
N ( ) 2 439.806
2008/ 2008 o
Eurobitume 2012/ Ecoinvent 2.2/ 21
2008 134.200
).
Ecoinvent 3.8 2 — 408.500
439.806 kg CO,Eq/t 408.500 kg 3.44 kg CO,Eq/t
CO,Eq/t 4.725 kg CO,Eq/t.
252.417 kg CO,Eq/t RAP
166.385 kg CO,Eq/t. €O, 0,
( 2) 1 910 kg CO,Eq/t.
N
° Qmp:ZQixMXP[
i=1
° ) 0., kg €O, Eq; N
N N N o L0,
4 kg CO,Eq; M t P,
Table 4 Carbon emission factors for aggregate
/ IPCC 2013
kg CO,Eq/t 1.3
Ecoinvent 3.8 2 — 4.20 —
Stripple 2/ _ 1.43 _ RAP.
10 5.77 — °
/ILCD 2 3.25 — >
25 5.68 J—
/ 26 6.02 .
/ 20 3.44 : 180 C 150 C
20~30 C B

1.43 kg CO,Eq/t  6.02 kg CO,Eq/t

~
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F=K*Q=K+C-*M- (t,-1,) :
10 ()):C (kJ/(kg+C)), M .
(kg) it (C)s
(C); F (K . 6.
25 °C 6
90% 60% 1.34 kJ/( kg » C) Table 6 Specified calculated transportation distance
42 kJ/(kg * °C) 092 kJ/(kg * °C) /km
25 704 30
160 C 60
10~30 C 20 C 300
180 C; 4% (a) 0; (b)
( ) 30 km; ( ¢)
130 C :
5% o o
Co, 11.06 kg /t. 7 .
2728
5. o
Co, 2.676 ke/t .
5 Table 7 Carbon emission per ton of mixed material during transportation
Table 5 Power consumption coefficient of asphalt mixture mixing equipment with different RAP contents
/KW /(U/h) /(kWh/1) 1% /km €O,  /(kelt )
LQC240 645 240 2.687 5 0( ) 231.43 28.23
LQC160 456 160 2.85 30 180.00 21.96
LOC800 268 80 3.35 40 162.86 19.87
LB2000 400 160 2.5 60 128.57 15.69
LB3000 720 240 3 80 94.29 11.50
28775 100 60.00 7.32
1.4 1.5
R ( M JTG/T38322018) .
. (
. Y JTGT3833-2018)
29 N .
JN1181 10 t 17.5 t ~ N
23 km/h 38.75 L 8 o 1t
. 24t/m’ 1t
70% 0.293 kg 0.400 kg.
1t 1.6
( 10 1) 0.122 kg( CO,) /(t N
* km) . : 9 o
Q,=0Qyx (D+D,) x2/( 1+R,/100) x( 1-R,/100) +D,x
2/( 1+R, /100) x( 1-R,/100) +D,x2) (3) .
104 7 Qu 1:1.75,
kgce/( t * km) ; D, .
(km); D, (km) ; D, (1)
(km); D, (km); R, Co, 10 . 10
(%) 5%; R, (%) o

~ ~
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8 1000 m’
Table 8 Carbon emission for aggregate paving and rolling 1 000 m® asphalt mixture
I(kg/ ) /kg Co, /kg
125 m 1.46 136.41 199.158 6 703.03
6~8t ( ) 2.87 19.33 55.477 1 195.83
16~20 t ( ) 0.84 50.29 42.243 6 149.12
12~15t ( ) 4.31 40.46 174.382 6 615.57
9 (%) )
Table 9 The mass ratio ( %) of each material of the three pavements )
RAP
( RAP 60% ) 1 37.25 60 1.75 N
5 95 0 0 °
3.5 66.5 30 0 2.1.1
10 15
Table 10 Three types of carbon emission inventories during road construc—
tion 10
; 31
RAP /% 60 80 100 0 30 10~13 °
1.66 1.66 1.66 8.32 5.82
1.76  0.82 0 449 3.14 o
RAP 0 0 0 0 0 30
o 33.43 3343 3343 0 0 3 .
(K h)z 13.74 13.74 13.74 13.74 13.74 o
° 15.69 11.50 7.32 28.23 21.96 1 cm.
029 029 029 029 0.29 212
0.40 0.40 0.40 0.40 0.40 . B
66.96 61.84 56.84 55.47 45.35 o Yi
100% RAP
2 RAP
<< > 30
> o Alamri »
. ( HMA)
(PQI) PQI RAP HMA 80%
s 15
N 100%
o SMA ( Stone matrix
( asphalt) o
)
N o 2001
o 30 20
0 30 N
2.1
30 &
30
. 4 cm;
. 1 emo
. 2.1.3
NCAT( ) 1997 (
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34
30 10
8 cm;
1 cm.,
2.2
2.2.1
1.6 o
2 m
124 L/h
80%
(1) CO, 11 o
0.84 kg/L 42.652 MJ /kg 1t
3.14kg.
(v 12 o
11

Table 11 Carbon emissions during milling

/em /(' m/min) /(M]J/1) CO, /( kg/t)
4 6 49.36 4.33
6 5 39.49 3.47
8 5 29.62 2.60
12 4 24.68 2.17
12
Table 12 Carbon emissions of milling and resurfacing
co, (kg/t)
8.32
4.49
3.14
13.74
28.23
0.29
0.40
58.61
2.2.2

13 o

13

Table 13 Carbon emissions of ultra thin cover

€0,  (kg/))

8.32
4.49
13.86
15.53
0.29
0.40
42.89
2.3
¢ LCA
»
. ¢
M JTG H30-2015)
3120 m 40 km/h. 1 000 pcu/h
5.3 Lo
35 h 1 400 km 111.18 kg
8 239.2 kg 10
82 392 kg (m®) 7.04 kg
8 239.2 kg (m?) 0.704 kg.
3
2.3
30
(m’) o
2.4 t/m’.
8 cm
4 cm 1 cmo
14 .
14
14
60% .80% 100%RAP
52.82%54.17%55.50%
53.79%.55.12%.56.42% . 2
30
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/ WL
14 (kg/m?)
Table 14 Carbon emissions( kg/m?) of three types of road at all stages
RAP /%
60 80 100 0 30
12.92 11.93 10.98 10.71 8.77
5.63(1 ) 5.63(1 ) 5.63(1 ) 33.76(3 ) 33.76(3 )
7.04(1 ) 7.04(1 ) 7.04(1 ) 21.12(3 ) 21.12(3 )
5.15(5 ) 5.15(5 ) 5.15(5 ) 4.12(4 ) 6.18(6 )
3.52(5 ) 3.52(5 ) 3.52(5 ) 2.82(4 ) 4.22(6 )
34.19 33.20 32.25 72.46 73.99
1 e mmmmes (3)
=
604 L | Bu) LG
g (G- 3= °
30 o
=
= 404 o
301 — (4)
| —— T ———— —————————
60%3 3 B0%#E 100%#3 SrE  Huia
2 ( ) °
Fig.2 Total carbon emissions of three types of road o
2
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