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Abstract

In order to systematically evaluate the environmental benefits of the plant mix hot recycling asphalt
mixture in the actual project, the mixture production and construction are divided into three stages:

old pavement milling, raw material production and mixture construction. Based on the life cycle
analysis theory, the energy consumption and CO; equivalent emissions in the production and con-
struction process are calculated. The results show that: with the increase of rap content, the energy
consumption and CO; equivalent emission of the plant mix hot recycling mixture decrease gradually;
the proportion of energy consumption and carbon emission in the process of mixture production and
construction is mixture mixing > raw material production > mixture transportation > mixture paving
and compaction > old pavement milling, especially in the two stages of raw material production and
mixture mixing. It is about 84.4% of the total energy consumption and 80.8% of the total carbon
emission. Compared with the ordinary hot mix asphalt mixture, when the rap content is less than
20%, the energy consumption and CO; equivalent emission of the recycled mixture are slightly higher.
When the rap content is 30% - 60%, the recycled mixture can reduce the energy consumption by 3.2%
-10.0% and CO; equivalent emission by 0.33% - 3.05%, which has significant environmental benefits.
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BE A A BRI RRYR B kA RS AN MR H A E, 1 AR O 24 A w2 THI G ) E ) R
SIS AT AT T REIRHE 1) B A, R BAT “ap il B, SEPLY ARG BB L U . AR
W E K Guib RAWE o, 3CEE AT BRI FE At BEFEN 7.8%, ATIEIEHAT LA i FE b A4t
SAMIEFER] 30%, i, A IEE B BOEFE RS EHET 1 A2, CO, HilE i 450
JIWE[L] [2] [3] Bl FRIE A BB NS TR B, AR S i o S 7 O UR 2 SRR
BN TR SR

NG R R, SIS R KR A R R T BRI A S SR, HE AR
FAHTREIR . mTRA R AR RIS BEDRHE BB A, RIS PR IH B 1 A Sl B B [4] [5). I
HIRA B HERAE N — R B BHRIE A BRI AR, — 7R A E AL, 2 aelRvH
FeIEJ1: n— IR IHMEHIERRRI A, DRI AESIRES . AEIT B AR Box P AR 10 75 % T P 958 2K
R, FEOEATHAEAR TREVEN I E S EA R ISR R . R 2B A SRS
BHAPAR SR G AT M BU 8, TERA BPP R R, P HE AR H IR AR LR N .

WRSE[6] [7] [8] 1 5% FH A= i J& 140 # (Life Cycle Assessment: LCA)FE % 146 1 A 7 it T i 2
HIBHEBGEAT B 4T, Mroueh [9]56F LCA BB/ T BETHIAT R AL SR B 152, 20 Aridd R B T
A Ay 9 SRR AE P BRI T, BT IR =B B, WU B AR TH PR A A S AR TR S I
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Figure 1. LCA theory evaluation process
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Figure 2. Evaluation process of environmental benefits of plant mix hot recycled asphalt mixture
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2.2. Ea#E

TR AR P i TR A R RE R 32 B 7. VR SEuh. RARREE, N T T4,
R4 CPEBEIRGTHELS) [17)1% 5 FhREIR I Spn G RERE IS R A, [RIRNFINE 1 kg BRiERE 15 &
#E N 29.307 M, KEERITE R K AEILE 1.

Table 1. Statistics of net calorific value of each energy source

=1 BEERFRAERT

REVE PrH R R
LV 0.1229 Hr#EHE (kw.h) 3.596 MJ/(kw.h)
PR 1.4714 FrAERR kg 43.070 M/kg
Se 1.2194 FRAEREIL 42.652 Mi/kg
AT 1.7143 brifEfkg 50.179 MJ/kg
AR (T 3l ) 1.4286 Friftfi/kg 41.816 MJ/kg

T RARVE i TR 2HB COpv CHaw N,O SR =AM, AFKR = TAXT A BRI A
SHE, THEEREF R YR IPCC 2006 % 7 I HCR H0R 25 K00 = UAE I R IE A T e o CO, &
BATGE i, RS SRR 7RO R LA 2.

Table 2. Conversion relationship of greenhouse gas characteristic factors
=2 RESMHEEFEBRXR

LAl FRAEH T AL AR T
Co;, 1
CH, Kg %21 CO, 25
N,O 298

(PEGERSEEE) it 7 &R AL ERR S TAHBCREL, RYEE 2 R T Hoe R it
HARIN CO, B, FUHEIRIE 3.

Table 3. CO, equivalent statistics of various energy sources
2 3. BEER CO, HELIT

REURS A CO HE R %L CH, HEUR % N2O HE R %L CO, 4 HE
W17 0.899 2.75%x107° 1.41x10° 0.972
R 3.1605 1.2796 x 10°* 25591 x 10°° 3171
B3 2.9848 1.2921 x10°* 25842 x 10°° 2.996

AR (T 3l ) 3.2366 1.2545x 10°* 25090 x 10°° 3.247

3. IR % 4t B RERE A B HERL 53 A

W T ERME R TR I BRI . BERE . TR IR — e R ERRE, AT AR B BUR S 0 AR, SEE
SUEAT RO AE IR FF A3 TARRAE, BREIML T AR IR ey 4.2 kgim®, TSR AR LN 2.4 tm?,
ATENEA) 1 t VR ARHMAEN 1.75 kg. B CHICL RAP 55 0%. 10%. 20%. 30%. 40%. 50%. 60%ffF
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NWFFXTER, THEAE RAP B8 0F T IH B i BLa L FE b i BERE L& 4 Fos, AN[F RAP &
SEAE TR IHES i BRI R B RERE A BRHETSRR AR L&) 3 AN 4.

Table 4. Energy consumption and carbon emission of old pavement milling under different RAP content
4. TF RAP 22 &4 T | E Qs FE R R

RAP % & 0 10 20 30 40 50 60
BEFE(MI/L) 0 7.46 14.93 22.39 29.86 37.32 4478
weHE (kg/t) 0 0.52 1.05 157 2.10 2.62 3.15
44.78
45
40 37.32
35 29.86
= 30
35 22.39
% 25
g 20 14.93
*® 15
10 7.46
¥
0
10 20 30 40 50 60
RAP#Z = (%)

Figure 3. Energy consumption of old pavement milling
3. |HEETEHEERE

35 3.146
3.0 2.622
= 25 2.097
2
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Figure 4. Carbon emission of old pavement milling
4. | RS TE S B RRHERL

Hi & 3 FE 4 vT%, Bf#E RAP SBERI3E M, HEXIEEA™ 2 REFE &L CO, UEMZ, RAP B &R
BN 10%, |H B THBE AR H REFERG AN 7.46 MJ, CO, M HEAIE N 0.52 kg. ARHE TFERH, L 30%RAP
B NEME, IHE TR aS AR = AR R RE N 22.39 MU, CO, 4 HEK 1.57 kg.

4. FRAARVE FRERE R BHE S A

]RGS R AR SRR G R BRRPRRET AR, AT R R AR R A
FEH BIEANTE o XTI 75 R AR RERE Sl 5 UARHETR, [ A e e BB e, e M R vh 225 K
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WIS EAEE, TRk 25 E A ) LCA Bl % %2 CLCD [18], A7 & JE AT KL REFE K
BB % 5 B

Table 5. Energy consumption and carbon emission of raw materials

=5 EMRIREFE RIRHI

AR By S Wk
REFE(MIE) 3585.18 5412.22 3199.32
CO, = (kglt) 244.142 323.035 2376 %1073

HH 22 5 AN, SO AR i AR T e TR T S L, AT R T LR AEIG N T 33.8%,
CO, JEHBIEIN T 24.4%. BV #EHEE AC-16 IR SRR T HEN 4.7%, BB mE S
N 4.3%, WTEIEASTEDT, BT HER I RS RAR R SR, IR 1t
iR A RHEAR] RAP B 82541 T I REFE KB HE a2 6 Fran, AlF RAP B854 T s AR A 7= R
St e A WL 1] 5 i 6.

Table 6. Energy consumption and carbon emission of mixtures with different RAP content
= 6. T RAP 22X TR ERIBEFRRIRHK

REFE(MIVY) CO, M (kg/t)
RAP # (%)
Uik} HEER Bt Bit ik} B Bt Mt
0 254.37 30.49 0.00 284.86 15.183 0.002 0.000 15.185
10 232.10 2757 0.71 260.38 13.853 0.002 0.086 13.941
20 209.63 24,63 2.86 237.12 12,512 0.002 0.345 12.859
30 186.97 21.66 6.46 215.09 11.159 0.002 0.779 11.940
40 164.11 18.67 1153 194.30 9.795 0.001 1.390 11.187
50 141.04 15.65 18.09 17479 8.418 0.001 2.182 10.601
60 117.78 12.60 26.17 156.55 7.030 0.001 3.156 10.186

I} 69.776MJ

HEFE(MU/L)

0 10 20 30 40 50 60
RAPZE(%)

Figure 5. Energy consumption of raw material production
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Figure 6. Carbon emission from raw material production

6. [RARIE =R HE

HiP 5 A 6 w4, FEASRIAE PR B AR R A RS A I BERE B CO, 24 B BAR T3 i 3R 75
WRERL HEEE RAP BEMIN, JRAREER N CO, JEHEURHI/N. 24 RAP 588 30%0f, MELT
Ol PR TR AR, BEFE 1t ARG R, WTRATTZRERE 69.776 MJ, 1870 CO, 24l 3.245 kg.
5.  #ABXEIIEREAS™ET

1. BAREM

J R AR TR S RHRE R AT E TR S B IR A RUINN T 28 T R T SR R n TR
SRR R, FERMPGEE N 170°C~185C, ZRAPRHINHREEE N 110°C~130°C, WH MR N
150°C~160°C. R4 LFEGiit, LG H RS RHMFE N 6.85 kg/t, CO, ZLHEBCN 7.36 kg/t, FAE
IR A R R —IR EMAE N 7.81 kglt, CO, 4 EHEICHN 7.84 kg/t, 25 IR MAEN 6.37 kg/t, CO, K EHE
N 6.75 kglt, B 1.2 FT 25 A EREEGE 7T AT AN A RAP B2 441 TR & BHE R RE 1 REAE Stk
HEN 22 7 Bz, AN[E) RAP B8 46 1F RIR G RHE RN BEAE S HE AR A e I 14 7 A 8.

Table 7. Energy consumption and carbon emission of mixture in mixing process

= 7. B RETR A REEFE R RHEER

RAP 15 1(%) 0 10 20 30 40 50 60
BEE(MII) 292.17 327.26 321.36 315.40 309.39 303.33 297.22
CO, i (kglt) 21.014 23.177 22.864 22547 22.228 21.905 21.580

340
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320
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Figure 7. Energy consumption of mixture mixing
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Figure 8. Carbon emission of mixture mixing

8. SRARHARRHE

5.2. ‘BAKIEH

AR b [ A Ak LCA JERE i A2 CLCD #ilE, 1EFR3E 30 t H E 10 t FIS&IM BT R 1R it &kt
MIbRAEZEAR, Goit 3 Bor HLBEAE N 0.804 MU/(t » km), iR = SARHECH 0.075 kg/(t » km), B sEEE
FEB I L7~ ¥ia e 0 50 km, VEARLIE i LAREE il () — i LI (B 8) - HE G E N — A e
B AW, NS AT IR 62.5 km,  HHULET DATHELIR A RHE S A 1 REFE N 50.25 MITt,
CO, M EHFHCH 4.688 kglt.

5.3. RARMHEELRE

U7 B Ot S AR LR VR R SO PR B B L, B R AT R S8, BRI T 2 94
Jv BIEMAE =BG O RIER GRRA BIHUE SR, SR A XU e B ALAT B I B L AL 1) 7
AHATHESE, 456 TR IR IR A RHIR 7 S804 8 T o

Table 8. Compaction scheme of mixture

F8 RAMELSR

JE LAY & 5% 2N
AR HE BEHL(L3 ©) 2z 2~3 i #i T 2~3 i
Jie ki i B AL(30 1) #p L 4~5 i

IRYE VR AR CR, FEERVLEEEAE A 3mimin, FESZ RN 8 Anid, 45 & SIS brihe,
THELR AR A I SN ) RERE AN TR AR AN 22 9 B o
Table 9. Energy consumption and carbon emission of mixture paving and compaction

9. IR ARIPETH A E SEREFE R RHERL

——

o - BERE(MINY) CO, 4 (kglt)
Eiizai] 11.308 0.843
T 13.675 1.105

5.4. JBEARET fesE R ERH S
FT LT, FiFE RS EE TR A #RERE S cHE O & H AR B an & 9 A 10 Fiow.
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Figure 9. Energy consumption of mixture construction
9. BRAREIAE

wEA 0B e S 0 RE

29.813 29500 29.183 28.864 28.541
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Figure 10. Carbon emission of mixture construction
10. R ERE T REHER
H 1< 9 1P 10 mT &R & kb T A% o P AR TR A R BERE & COp 2 B T @ I AR T IR A k)
T TR AR TGN A TR E g 5 R, IR T BRIRE AR, (HFEE RAP BRI,
TRERHRERE S BHE I 2B W/ RS, R T RAP B &K, BTl Brae Rl ng H &b, ghalkbm
PORZ A, THFERIREIRE D, AR BERE S CO, B EBRAIC.

6. T HABEEREAWIFEH TN

HEF MBS L, 535 F RAP B8 2 4F TR ARt LS REFE S HERL, Feithdh
B 10 Fros.

Table 10. Total energy consumption and carbon emission of mixture production and construction
= 10. BAREHE L2 REFE R RRHER

RAP £ BRilHta JEAA R A REEEN RAREEN R AR st

0 0 284.86 292.17 50.25 24.98 652.26
10 7.46 260.38 327.26 50.25 24.98 670.33
20 14.93 237.12 321.36 50.25 24.98 648.64
AEAE 30 22.39 215.09 315.4 50.25 24.98 628.11
40 29.86 194.30 309.39 50.25 24.98 608.78
50 37.32 174.79 303.33 50.25 24.98 590.67
60 44.78 156.55 297.22 50.25 24.98 573.78
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Continued
0 0.00 15.185 21.01 4.688 1.95 42.833
10 0.52 13.941 23.18 4,688 1.95 44.279
20 1.05 12.859 22.86 4.688 1.95 43.407
7521974 30 1.57 11.940 22.55 4,688 1.95 42.698
40 2.10 11.187 22.23 4,688 1.95 42.155
50 2.62 10.601 21.91 4.688 1.95 41.769
60 3.15 10.186 2158 4.688 1.95 41.554

1 10 RN, I T TR AR ARl A AR o SRR P AR A RS B BT AR R RERE S CO, 2 LA
B %, UL 30% RAP B8 AE AW Fe kA, #E— 0 70 Wik &Rk A it Ll 72 rh 25 B B B RERE S HETR 5 EE

11 FE 12 Bk

=858« /A - R - B8 - MHEESS

B PESEESE  gtm)
(0.080) (0.040)  (0.036)

=

Figure 11. Proportion of energy consumption in mixture production and construction

11 RANEFELREFE AL

< - R/A - HER - B@ - MEESS
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Figure 12. Proportion of carbon emission in mixture production and construction

E 12, RERE~ it THHg St

Hi P 11 AN 12 W5, VR AR TR R RERR SR LUIR SRR > JFRR A > TR
Bz > WERERESE > HER IS, bR & BRI L EAR A P BO™ A I BEFE Sz CO, 2 &
HEBCS OGN R, 291 S REFEHY 84.4% S R FIFTI 80.8% . &3 bt Fu 2 W P AL TR A kA 7™ B I 0 1H % T

P T2 A I TR R G4, SIMTRES SCEUR B A B IESA M, 5L 536
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Figure 13. Total energy consumption of mixture production and construction
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Figure 14. Total carbon emission of mixture production and construction
14, BRERE e L2 mHE

(¢)]

) 13 S| 14 BT A0 BEE BRSBTS R RE BB HEROZ WM, 24 RAP 38K T 200%H,
A VR A L S P 0 VR R R B RE B B O 2, AR PR A RN 1 AR b 4 T B e
IS T, KT BEUEHE. (HBEE RAP 5 BHIIRWIRIIN, T ARV A HI BERE K Bk HE R T
B AFE TR AR, IRt TR S REPSE R p RN T SRR TR R R 0 . b
BT 024 RAP S5k T 20%, | Hf FE AR R A B AL AR S SRS bRk 2 51 6 B P 1T L B s PR A1
TR REPS i T RERE R BRHE, B R HIRR 3 -

7. 4578

1) BT A BT B A IR SRR B VAT, R A R i Lo N IH B T,
MR IRERE T =M B, FE & e IR G — I 5 b HESE 15 R BB AN CO, BT 7017

2) WA B it T R BeRE SRR LUV SRR RIS AR > IRERNZHT > TR AR
JESE > IHESTBEA], For R ERHERN R B = B B A I RERE S COp MEHE S LI R,
215 S BEFERY 85% . i HEY 80%.

3) IRARHEAIGIN 1 H T B AR S T, IR T BARR A B BRAE A Bk HEI, RAP 55
KT 200%0F, | HER T AR TR A SRR REARE B BRHE SN T3 8 PR R SRk
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4) B8 RAP B N, RAGRHE i LS REFE SR HEBOZHT PG, A LE T8 A B IR SR

2 RAP 584 30%~60%M}, | #E# AR A RIAE P2 i L RE 8 PR AEE 3.2%~10.0%, /> CO, &4
0.33%~3.05%, B BIFHIHENGE.
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