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Abstract

To quantitatively calculate the energy consumption and greenhouse gas emission of asphalt mixture
during the mixing production and paving and rolling periods, the 70# base asphalt and SBS-modified
asphalt mixture AC-13 were utilized in this study. Mixing temperature and compaction work were
determined through the viscosity test of asphalt and variable-temperature compaction test of the
mixture. The calculation models of energy consumption and emission of asphalt mixture during the
raw materials heating, mixture mixing, and compaction were established and quantitatively calcu-
lated. The results indicate that the energy consumption of asphalt mixture production is mainly the
fuel consumption of raw materials heating and compaction work consumption of paving mixtures,
and the emission of CO; and other gases through fuel combustion. Compared with SBS-modified as-
phalt mixture, the mixing temperature of 70# asphalt mixture is about 10°C lower, which can effec-
tively reduce fuel consumption and CO; emissions by 6.4%, and reduce the compaction work by
about 18%~26%. In addition, as for the fuel used to produce the mixing mixture, pulverized coal has
the lowest thermal efficiency, and thus has the highest consumption and carbon emissions. When
achieving the same heating effect, the heavy oil can reduce emissions by about 29% compared to
pulverized coal, and natural gas can reduce emissions by 51%.
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RARHRIGIFE) (TG E20-2011), WA T 5 HIFEAF A MERE, 5645 B W% 1.

Table 1. Basic technical properties of asphalts

= 1 IhEMERRA MR

KT H 70* SBS W77 72
£ NFE(25°C, 0.1 mm) 76.4 53.9 T 0604
AL (C) 48.0 76.6 T 0606
FEFE(BC, cm) 46.0 28.2 T 0605
I (15°C, glem?) 1.031 1.035 T 0603
1% E(135°C, Pas) 0.372 2.220 T 0625

PRI K B RLRI B B A A FL G B B T R, AT A (A B TREERHARAMFE) (TG
E42-2004) FHOGHIARZLR . IR & RO A% ) T2 B R AC-13 i, Rz il 1. 428
CABR TR M IR A RRRIE MRS ) (JTG E20-2011), it & 8RR 5645 2 7071 SBS s 1R & kHK
EDIHHEYN 4.9%.
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Figure 1. Gradation curve of asphalt mixture AC-13
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2.3. FEEIKE

DI IR A R T 52 A B B PRIRAS A m Pt s B A SRR S AR L fE, IE AR it
R PR IA 5 SRR VS ARG 45 R o TG T SR FE ¥ e o 130°C~160°C HIFF&E N 10°C, 2k
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Table 2. Calorific value and thermal efficiency of fuels

2. PERRES AR

JR KL A A q (kI/kg) RIHCE ¥4 P 1 (%)
FrEpR 29,270 1.0000 100
ok 20,908 0.7143 70
Il 41,816 1.4286 85
NSt 38,931 1.3300 >90
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Q, =Q,; +Q, =c,m, (T, — T, ) +c,m,, (T,, —Tyo ) + L,m,, 2
s My R & R S (kg): 7, ML RIAIRASCH 2, HUH 50%; Qan Al Qu 737 AR A
B THEAK R FTHE AR ¢y (920 Tkg ~"CHM ¢y (4190 Jkg " CHHANERRUK L AZE: m,
Fmy, 73 BN EERRK T B (Kg) s Tao A1 Ta 23 BINSERMEHTAE RN ('C)s Two A Tyn 23 BIAZKIIH]
Bl BRI RU(C)s Ly /KA F4(2256 J/kg) -
HE AT B mye,  15K(3):
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Figure 2. Brookfield viscosity of different asphalts
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Figure 3. Compactness of asphalt mixtures at different initial compaction temperatures
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Figure 4. Variation of fuel required for aggregate heating with temperature
4. SERHINFAFR T R PARLRER B R TR 1L

Table 3. Energy consumption for heating 1 ton of aggregates

3. A 1 MEREERE

SN IR E(C) FRIAABERE(KD) TRy 28 HERE(KD) ELREFE(KY)
140 105,800 12,660 118,460
150 115,000 12,660 127,660
A fg‘im 160 124,200 12,660 136,860
170 133,400 12,660 146,060
180 142,600 12,660 155,260

N T RSB IR 7T, B AR AR B R AR 135°C /e, ik BIBK TR . (i 3 AT A,
K3 R 8 R L) R BN B REFER) 10% /247, HIE 4 AT LA
B, BTAFEREHEAR, RS SRR KRR A E . E 5 KRR ES

I, BERMIAE EI RN,

WA B, AR SRR D

2) InPIHERIRE

BRI RR B, HERZ, ZO8Em 2.5 .
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Figure 5. Variation of fuel required for asphalt heating with temperature
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Table 4. Specific heat capacity of asphalt at different temperatures

F 4 FEETRERET

HIEEIAA

[$2]

2

PREHMARL (m?)

I EEIC EL [k (kg C)] A 5 2K
100 2.2 0.25
110 2.25 0.24
120 2.32 0.24
130 2.39 0.26
140 2.48 0.28
150 2.54 0.28
160 2.61 0.29
170 2.65 0.29
Table 5. Energy consumption for heating 30 tons of asphalt
5. Mk 30 HERIEE
IR EE(C) WE I aeFE (kD) W PR AeFE (kD) SREFE(KD) MY BEFE(KD)
130 2,077,500 143,400 2,220,900 74,030
140 2,899,000 148,800 3,047,800 101,593
150 3,560,000 152,400 3,712,400 123,747
160 4,336,500 156,600 4,493,100 149,770
170 5,126,500 159,000 5,285,500 176,183
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s, PRI AR [R) o S 7 ) RERE LR R /D o Bhah, SERL S AT T LR R 5 IR 2
RIFILIER R RSP IRA B SRV FI &5 5 5 95.1%F1 4.9%, Rt RE i 5 8 &R
PP BIREEN: m e = 0.951my + 0.049mye. BT DLTHEL HAS RIS R 75 VR A R FE A
&, AR 6. RYEFTE M & n] DL — B R I R G RHE R AR R IR &, LK 6.

24 10
O e Il
2r °---fh
o — R 149
2 ¥=0.1198x-0.0969 _ - -~ "°|"
o
18 I _ o
- 18
el -7 =
Z ¥=0.0503x-0.0130 E
0H 14 17 =
s o~
Z 12f g
£ &
— 6 =
10
y=0.0493x-0.0178 . ... g
8 r PR - R B
a- PRI -1 5
a-
6 -
4 1 1 1 1 1 4
130 140 150 160 170
HFRE (°C)
Figure 6. Fuel mass required for heating 1 ton of asphalt mixture
E 6. BHEHER SRR ERHRRIRE
Table 6. Fuel consumption of 1 ton of asphalt mixture at optimum mixing temperatures
# 6. BMIHERARNEREHMEETHRNASE
TRE RIS FEAIRE(C) JEH (kg) I (kg) RIS (mP)
70* 158 19.20 7.97 8.17
SBS 168 20.47 8.51 8.73

HI 6 I, RN A S R AR E AR R D TR, HHE SR B R
(LMo R . 705 BRI 75 TR A REIT 75 B RR A @ ol il 2 mT LATH S R 4% 1 Y
BCHERERIRE S, 70" IR Gk T LLLL SBS Wi IR AR 6.3% A IRHIFE.

34. ESCRERITE

TR4E TG F40-2004 L, 25 G BC T 1R A RHE B 28 58 FA W B2 50 il 1 2% [ e A% il 7E 4%~6%
ZI]o NI e B IR 6%, A AT RN TR S RME A R Ik 2] 9490 % ST I e S, R
HEA TR, BRI AT AR R SR ThReRE. S SCER R 4.536 kg, Y& mEN 0.4572 m, R4E
W =mg - h A P58 o SEER A T W S8 T 20.3 3, dEIM T H sk s ), WAk 7.

e 7 ArAnL, BEE S SSRER S, TR A RNA B E R SR TR 0 SR T R, B
(RN LI T B, SAERLZ RIFIE TR 3G 5R, I VR AR R 2 5 B SE Y . 7R 130°C~160°C /3G
BN, 70% TR A R a] L2 Sl EL SBS T IR A BT 18.2%. 21.7%. 26.3%1 26.4%[1 i S Th#E
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Table 7 Compaction work of asphalt mixtures at 94% compaction degree (J)
= 7. IMEREARIE 94%ELE TRIESEIN)

H SR RE(C) 70* SBS T2 Th AR fh & (%)
130 3187 3898 18.2
140 2416 3086 21.7
150 1929 2619 26.3
160 1583 2152 26.4
3.5. HHItE
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Figure 7. Carbon emissions of heating asphalt mixture raw materials

E 7. IhEREREM RN AR R

B 1) 7 R SRR ik i o prR R S 0 AL R T v I AR MG K AE 4.9% M I EE T R R
INAEERIHERUT) CO, o5 FEA BRI B S HER K 94%~97%, INHH T IHERIN 5 3%~6%. 2E 74 [F i &1
DITRAR, RBeRRAN CO HltE R, EMERZE, LUNEN 2 5. RIEE I EL R LATHEH
TEPIE IR GRS BB AP ANEE T JEAENIn# CO, HEUE, 45 R IL% 8.

Table 8. Carbon emission and relative coal dust reduction of asphalt mixtures at optimum mixing temperature

8. ITERAREREHFIRE THMRHE ARG RS 8

TRERIA PEAIIRPE(C) B (kg) it (kg) KIE(kg)
70" 158 36.09 25.69 (—28.8%) 17.65 (-51.1%)
SBS 168 38.48 27.44 (-28.7%) 18.85 (-51.0%)

Hi%< 8 A1, 55 SBS i f VR A RHH L, I #AhH ) 5 211y 70" 75 VR & k1 AT LAJRD 6.4%1 CO, HEUE,
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HeifE, HINEK) COp AR T2 29%, RIRTIHA 74 51%, Ui I AT R IR SRR OR R0 2 B3 4

4, 4Eip

1) Wi IR AR AR P I R v I B 1 EEALHE JEARE T BRI T BN BRI AR, DA SIR A RHE R Sk
WY BX I RERE, S ELE I BRRHE PSR HE CO, S5 A1

2) Wi AEERIINFAAT T BRI T S 0 TR AR R AR B R AP R R, TEAHFRE T,
WER O B %, SRR KEF . B R AR E A, 7077 IR AR SBS T
TRAEHFEFIR AL 10°C, A 208> T 6.4% 1 ENE#E -

3) WA dr S RB B IN, WTR AR R S B AR - AR E S . #E 130°C~160°C (K 10°C)
MIRIEE T S2IRE F , IABIM A RS2, 7075 IR AR AR EL SBS 75 1B A RMK IR T4 1 18.2%. 21.7%.
26.3%71 26.4%[H1 T SZ1) .

4) 1EJEA RN R S, 70" RS RHEE SBS Wi /D T 6.4%IK) CO, HEE . 7EVR &R REFI
FEdr, BREMIREN) CO, HEUE SRR B RIF LRI R R, M M ABCRRAR, BB CO, &
Z, JERRAM 2 f5, BHER L RS, Sl TR K CO, HEE L) 29%, RARSPELL) 51%.
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