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Abstract

In view of the milling of old pavement, the producing of raw materials and the constructing of re-
cycling pavement, the quantitative analysis model for energy consumption and emissions of cold
recycling roadbase was established with life cycle analysis method, analyzing energy consumption
and emissions of plant-mixed cold recycled roadbase base on the field survey data. The results
show that compared with producing 1 t limestone aggregate, the energy consumption and emis-
sions of producing 1 t recycled aggregated are declined by 34.0% and 40.9%. The energy con-
sumption of construction stage of plant-mixed cold recycling roadbase is only 13.6% of the total
which are 7.246 kgce and the emissions is only 12.6% of the total which is 20.170 kg. The total
energy consumption and emissions of paving 1 t roadbase by plant-mixed cold recycled mixture
are declined by 42.5% and 41.6% compared with large stone asphalt mixture roadbase, it can re-
duce the energy consumption and emissions 5.36 kgce and 14.34 kg, reducing the energy con-
sumption 4.06 kgce which is mainly lies in the mixing process.
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(- NREABRPGE BT KB TREFNIEBESEA. FMEHEFE U RABERSHE T =AME, X4
Fa AR, B VBRIAFRAEERIEHRSHRNEMSITESR, ERGEERAEEMLE, EHoH0
AHAEEENRESHR. £RRE, £71 FHEENNRESHBRMEE TA~1 cAREEBRD
34.0%7140.9%. 1 tAFEABESR(EMEAERY. BTN S5HBCN7.246 kgee. 20.17 kg, ¥
BABARETHRERE. HB b B, 2R RAF=HAE TH EMK13.6%. 12.6%. BHH1 4AFH
ERERBELREEEHRERNRTETRAZEES I FRE42.5%. 41.6%, AW EEFES5HK5.36 kgce.
14.34 kg, ABEEENEREMREREELE TR, B rE#E4.06 kgce.
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1. 5|

EAC ISR SO A B IIAEE T, | A A A BRTE 2 U8 il A B Kol T2
HOF AR KRN o B N AME T A B AR BOR1 BRIRHESCR J5 T o e A SCH 7 . Hanson Christopher i1
Noland Robert [1]25 H T 7R A=A #EU0 T T A R FE LR T 193 = AR HEU 577 » Raja Chowdhury %6
[ 2 368 ik SR FH 5 TR R 0 2 o JE B A0 A 773, SR 7 L 2 7 P % T e 5 v A P T B R R AR = 2R R R
BEsm, UCONFAERMENT AR SGEASHIESE MBI E. &AL, KiER, SER[BIERHE M
AT, Ay T T At ) R PR AR R (Y e AR AR B U, FERERRG b, W T SR ATy
RIS . BFEH . BSI[4I A T | A B A B BT RRIRHEIE DL T 20T, 45 R LAY
B A FER A RS AC-25 WG RMHEG, i 45 i F2 v g ] 1 2R HEAR 10.64 kgee. 25 KR, MRE M,
PRSI IR T | A F A B TH AR IR I 7wl oA F A B T I RERE AN HEBGEEAT T AT R ER A, YR
B FERAE Z RERE D BN AEE I VR L2 ) 1A% MUK EIE A E 1) 38%. FLLIIE R FHAEHA RS B
FHATREIRHERCR OB I AT, EMEZ . RGBT RN k. AT H BT K
A A LT, K LRESEEr, RASGFMES T, ERSE0ERE KR B, 6 H%
FAEJE 2T BRI CHE I B A 7 VAT AT 7S o RHZ B AR (0 S PRk HE R AT VPN, JREE A R T
— B HEB) T REIRHE B A Tt R R B it

2. £EHEMEBLSREE
21 RkFEIERRETRS
HEFRARZHB MR TRV ER N EE TSR, SR ™ERE, StEmEzERk LREZEGE
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33 cm), KHAFAEERE ERM/KERERA ERZE(NRERE), EHZEEESE 15 cm #mE
18cm.

AR TR TR Bk 571, UABAREGEAFERENN SR, BHE—2mshET
MG, SAKIRRI A T oo FRREFE LA HEBU S A, HEriE TREMA R A, #HAE
REEHn 7R EEREER R, EMRAE SR T B AR A, KIS, PR, M. R R
TR
22. emEMTESZE
2.2.1. WHEIREN

T 2% TH B 8O S TRE REFE A v 55 07 VA AR Bl >RV . & FHVE R AN R AT 29 g = Ffe S
gL WHE. RRECRAARFESAR TR,  “selliihE” MEsF R R, A ERTUER
SEFRIR R A B U (KE) TRERIRERE, RN G SR 5T S it i B AL AR

222 BWiHE

BT, A M7k 2 R AR R BVE R R BRI AR R . RIEIRIE (ZREG ReFETHSEE I GBIT
2589-2008)[6], FH it B A7 52 by #E A MR R U5 B DL AR (Rr) &A@ oh SRR, FF LA B bR ERE & kgce,
A 25 T AR RIS AR R 4T BB . IR(A0) KA E ST 29307 TAEK) MR, Fr 1 T 5ebrifE
(1 kgee)o AR FH R T S5 b i S i (1 3 50702

2.3. HIEWHHESGZ

JEOA A 7 A0 7 i T S it R P 2 AR, HERR PR R R R A LR . AR
R EATENSE, NRERBRSOABOPFMERITED, SOAKER ROQEN TR Ak
B, PRI AR S DA SRR R At R A 2 2 PR R O R B U R, i AR AT R A A B
LB o N E B Mridonet Sebn TR IHERCEHEAT IS, SRS s 8 S HEBUR 7R i, HisA
TR R e A K

NG R E RN, I8 F] CO, & NAH s 7 7 AL IR = AN A, BB COp BRI,
R AR R & AR T = S R S IR, AL RS R CO, TR

3. Biko#r
3.1 EMREE

RFEERE(CKAE) TR N 3 AMRBUE T, K TR mE AT, B2 RAmMER, AEARZE. X
WREEAREZ, UWABERENTE TR, AEARAENE A N(9.5~31.5 mmRAP):(0~9.5
mMMRAP):(16.0~26.5 mm):/KJe: i ¥} = 35:48.5:12:2:2.5, JhA LN 3.8%.

3.1.1. BERE

AR SRME DD o A2 v 1 32 BERRFE S R0 7 B0 4% 1 L e Y FE AN B 8L L 18 42 5 v 4 ORIV E
AR FBUSA A, 2 ZOO0R R I RETERE, W 1. TSR SR RERE. 8,
SINTIFEAEENL B A RERE R HE, T Ry TR 2

1t HAEERE P BEFETE 0.51~0.66 kgce 2 [A], FFIUAE 2.03~2.34 kg 2 [A], FRAGRE — i 53 (LK
ML IRERERUD, 64%LL LREFEN FEk B0 EHE ZHA T, BREMIIREFE, I TR0
B F AR BEREA ORI
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Table 1. Daily output and energy consumption of secondary crushing screening equipment
1 DR E B IIER -2 REEHE

TAEH BT AR (h) (D) e FL i (kwh)
1 12 506 215
2 12 485 200
3 12 497 203
4 12 503 206
5 12 511 208

Table 2. Energy consumption and emissions of producing one ton of recycled aggregate

= 2.1t BEER(RAP #AVEEFE SHERM

B e #E(kgee) Hejit(kg)
FREL ReFES e e # -
PRSI SHAE &it CO, ¥ &it
B R 0.410 kwh 0.05 1.03
01 B 0.105 L 0.13 0.66 234
S 1.31
[SFEIPEES 0.390 L 0.48
WA RS HL 0.410 kwh 0.05 1.03
02 B 0.105 L 0.13 0.61 2.24
SE 1.21
HER % 0.350 L 0.43
B R 0.410 kwh 0.05 1.03
03 B 0.105 L 0.13 051 2.03
Seith 1.00
[SFEIPEES 0.270 L 0.33
3.1.2. FiEERE

R P A FE 32 AL YO TR RIS R AN IR T o o HUR TSR Hh I R R 2 B R 2 AR LT
FEFLRE, ISHMZETHARSEI: SRR I RERE T B MLV FEFLRE, SR AL RESEI

3 TR R I 7 1 24 Y FE AN R FEL R AV AR HEAT T IR A, AR 3 AR 4. R MEZ NS
JEZ, WIS N PCZ1615-VI, EHLE IR 400 kw, AbFLAE T 420~500 th.

AR LA RAERIEZTEFERN 0.15 t, A7 1t A ACE BRLE HL I AR Ry 0.94 kwh, B2
Ml SHZEmEe. BOR s, fiEaH AR 1t AR AR S HE. 8RN T4 = fE s,
PENL SIS HE B (R BERE T 7 L9 5 K (75.59%) s HETBUHA B KI5 2 I 245 11T #6.(87.1%)

FH7e 2 A% 5 m %0, 2B 1t FRA R RERE . HEBU(= i T30 7 341E) 4 514 0.59 kgee A 2.20 kg,
PR LA IR A SR RERE . HEU A 0.86 kgee Al 3.72 kg, AH b 22 R 48 A F AR AT LA 20 BEFE 31.4%,
I/ HET 40.9%

3.1.3. [RMRE FRAREFE R HEBUL B

AEAREERIRMEHKE. AR AT, SHEERYNI T Pr<: (European Bitumen Association)$2 fit
MRS BT CR[7], 5 H 1t AL IRERE, JKIB. AR, TS HRECE W 7 IR8], it
FORMARIEIRAS o K BT A RME AR 7= A2 S0 810 IR REFERIHE SO & T3¢ 6.

T REEIKIE AR AAESH 2 =R Rl ISR FEAE R ARl ReFeh HBORLLE,
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Table 3. Explosives amounts and quantity of limestone aggregate exploitation
#= 3 MARERAREFRERER

TAEH FORHIFR (1) YEZ H & (kg)
1 5400 810
2 5500 805
3 5400 806
4 5100 813
5 6000 817
6 5550 811
Table 4. Daily output and energy consumption of crushers (limestone)
=4 WAFN A2 REE
TAEH LT AR TH] (h) FERE(L) FE HL & (kwh)
1 12 5040 4800
2 10 4000 4000
3 5 2200 2000
4 12 5000 4800
5 13 5460 5200
6 11 5170 4400
Table 5. Energy consumption of producing one ton of limestone aggregate
F5 EF Lt AREERREFRSHI
fit ¥ (kgce) Heli(kg)
HEFERAY W& (AL - ) . .
FrAEEA A it CO, Y& At
HBL 4.300 kwh 0.53
R ) 0.03
WAL 0.940 kwh 0.12
YEZ BRI 0.150 kg 0 0.86 3.24 3.72
HER % 0.064 L 0.08
SE 0.45
FHAM 0.105 L 0.13
Table 6. Energy consumption of producing and transporting one ton of aggregate
= 6. EMRIEES . EMTT IR SHE
EVREZ ) B &t
R R ) - -
HEFE kgce HEK kg HEFE kgce HEK kg AEFE kgce HEK kg
AR 0.59 2.20 0 0 0.59 2.20
HrEER 0.86 3.72 1.29 281 2.15 6.53
7KIE 116.60 355.90 0.39 0.85 116.99 356.75
iR 147.00 415.00 0.39 0.85 147.39 415.85
s 2.66 7.39 0.46 1.01 3.12 8.40
SRS T 95.10 229.80 1.24 271 96.34 232,51
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60%. FHEGRIN T IS HAEL ARG FGHER M, LRMshmA, RS HBOCOE
1. FAESRRHE AR A P WIS REFERHEBOY BT S BH 27.4%41 33.7%.

3.14. X BEEEBFEMHEHEFRSHIK

MR ARG S, 18 1 CRAREIME &, WIS Eatha Ralffl, 1 tAHAER
AORHEA R 77 1 1 e 4 5 HEU 51 /& 6.29 kgee. 17.63 kg AN )it T 507, AEFE S HERCBOE 22 Bl BN (G
7)s

32. ABEEERIHE

ARARE RS E i TS ARG M. TRE OSSR A B RN
AEARAEEG AR RRE, BEVIE. AN RIS e .
3.2.1. HARFESHK

A AR AR AR 2% A2 A 1 R (LU B U ) I SRR} 2 8 0P AT L (R ZK VR R e WA PR A b A L
A B A B G SR R AR BE SR I, RN T AT T Rk R A R, AL T K R A
BRI T B E SIS THRS . KR TRER A A F A RISy ARC300E, A:77#E77 300 th,
LTI 280 kw, EHEZER 40 m®. A AR A RME A e S i VR R AR, RS T A R
BT, RIEFER . A AEA ARG G R HFe, K% 5 N TIEHMEE, Wk s.

SUHHL, B ARG RS 1 F AR IR AR B AR I W AE R A 1.130 kwh, Fr AR TRy 0.139 kgce,
F TR 2L SE I #E B R  0.105 L (0.128 kgce) . &FHEAT 1t A AR TR-A BHI M BEFE A 0.267 kgce,
CO, HEHECH 0.977 kg
3.2.2. BHMgEFESHIR

Jiti TI3% K 45 t HER ZERC & ia i, e3P B8 10 km(CF8i2 8R), SR i 1t IR A RHEFESE M 0.320
L, 5 AFRHERE N 0.390 kgee, CO, 4 EHEBCA 0.849 kg.

3.2.3. PESHBEFESHEM
YRR IR AR B E AR A1l 98 FE e — S MR B 2 5 SEEHLBA AT & i . IKIE T

Table 7. Energy consumption and emissions of cold recycling grassroots

F7.ABEER 1 URARMEEFRESHI

TiH A brB B frEx C hrB FEE
AEFE kgee 6.21 6.41 6.26 6.29
HE kg 17.83 17.68 17.39 17.63

Table 8. Energy consumption and emissions of mixing cold in-place recycling mixture

8 RBEHAUBHTERERAER

TAEH HEL T AR (h) FEE(D) FE HL B (kwh)
1 12 3680 3690
2 12 3700 3700
3 12 3697 3700
4 12 3715 3721
5 5 1550 2507
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TR S Y R K3 SP120-2 A, BIThZE Ny 174 kw, B EWEST%)E 3.95 m, EJE 15 cm. %M
TP LEMTE R RS T3 9 .

FPEER 1 t B TR O R 2 RESE I 0.102 L, FTEFFMEE A 0.124 kgee, CO, 4&HEK N
0.271 kg.

3.2.4. lREREFESHIN

U AR A AR T2 R R R AN T B L S IR R R LA A 1 2, A BRBORIE T 291 T3¢ 10
o SRR VRN, BRI R A B AL A S A (R 11).

BT 1t A AR S BRI FELE 0.168 L, Hriibrkli Ny 0.205 kgce, CO, 4EHEHCN
0.446 kg.

A Ml g0, A AR E 5 TR B 1t A AR S RN AR S HER S 2 12,

B2 12 AT, TE) #RA AR R B T B M S i ae AE S H b B m, 4 o AN B RERE
‘%%N%ﬁswm,%wﬁﬁmmgmsmmﬁsmm,l%ﬁﬁmM,%%EMEé@uﬁ,Ea¢ﬁ
ISR B R ORI 1 A IS MR FE S HEG AT PRI AN it L B ReAE S HET

Table 9. Fuel consumption of cold recycling mixture pavers

F 9. R BEMWHILIOEERE ST

ik AR () AT FE()
1 12 1636 165
2 12 1636 167
3 12 1636 175
4 12 1636 180
5 12 1636 150

Table 10. Road roller combination of cold in-place recycling grassrootss

F10. XBE LERERIIREES

PR ik W =3 LK
JE B 1 GV 2 5 AN 2 BIK% 2 BIKE
A Pk B 1, YR PRIk 3 it I 4 it #E 3 i
AT B34 FE (m/min) 2~3 3~4 2~3 3~6

Table 11. Fuel consumption of road rollers

% 11, EREHLHEFES T

TAEH ARSI (h) RAEHEQ® FEIHE(L)
1 12 1636 267
2 12 1636 276
3 12 1636 280
4 12 1636 278
5 12 1636 271
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X Lt HAETR AR, FLEMRAE = B 1) REFE 5 FE A 1) 6.26 kgee. 17.63 kg, it A REFE S
Hers oy il 7y 0.986 kgee 2.543 kg, 1t FAIR GRS BEFE S HEBCN 7.246 kgee. 20.17 kg. W HARE
BhiE TIHHRERE . FFRCS HLEUIR, 2R E) 13.6%. 12.6%.

3.25. RAKBELER %A

MRFECEE TR = AMRBESR ) Writgrn W2000 RBE@IHLIEAT 22 28000, Hah kI 2% . B
BRI BL AR e e A B Z R SRR, R 5 AN LA H EERE (% 13).

AT/ AR 1 km BUNE 2R3 2 I RE N 854.1 L, FRAEXEATEAE A 10415 kgee.  HIZEMHIEFE
FEAE R E A AR CO, 808 2236.9 kg.

3.2.6. TIRERHBI R L H7

MBS A% 3 4 i BRI KR Y T WA 2, SR FH [RIRE 5 i) HLRe FE 5 HEGEAT A0 20 BT o
Xof Ll o 58 J2 45 4 1) BB AR S5 HE IR (72 14)

1t KRARVH T A5 2 R R P2 L i T30 1 S BERE SR> )2 12.61 kgee. 34.51 kg, A4
2 S REFE S HE L KR AR I T WA 32 20 ) R FE 42.5%. 41.6%. A TAEFE 2 MRS FEFRAR B 1 B0E T4
FIERAT, WD RERE 4.06 kgees BRI =815 R FLALI T S 7 AR R0 ) 455 FH REFEFEAIK 1.03 kgees 17 7E W4
BRIEHT, WHARZESCHEETE R, fefEm T RNl ERA(E 1, K 2).

Table 12. Energy consumption and emissions of plant-mixed cold recycled grassroots in construction period
= 12. EIMEN #ABEERENERESHI

it TR B fit#E(kgee) HEif (kg)
b 0.267 0.977
bt 1] 0.390 0.849
e 0.124 0.271
Ik 0.205 0.446
it 0.986 2.543

Table 13. Fuel consumption of a machine of milling cement-stabilized macadam base per day

=13 1 ARt SN TERSY 1 km kR EERBFRFER

THEH 1 2 3 4 5
AR (R /B ) C 19/30 18/31 18/29 17/26 17/24
B B (km) 0.4 0.55 0.55 0.55 0.55
BEIHLIBAR(L) 343 475 460 466 476
B2 B IS BE (cm) 15 15 15 15 15

Table 14. Comparison of energy consumtion and emissions between two kinds of meterials

F 14 BRBEFRSHMXI LD

BeFE S HEL kgcelkg
Byt Jiti T3 N o
- - JEAA R St
FERI Pt T 8% &it
BHEARZE 0.267/0.997 0.124/0.271  0.205/0.446  0.390/0.849 0.986/2.543 6.26/17.63 7.25/20.17

KEFPIERA  4.325/12.679  0.092/0.198  0.052/0.113  0.201/0.434  5.317/14.811 7.29/19.70 12.61/34.51
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Figure 1. Comparison of energy consumtion between two kinds of meterials

1. FMEEMR &M ERBEFEXTLL

HER (kgee) DB RE
BRRREAER
25
20
15
10
5
O 1 1 I 1 1
HE 5 R’IE bt} AR P H

Figure 2. Comparison of emissions between two kinds of meterials

B 2. AmMEEM R R

4, 4Eip

1) FRASRME = R v R o B A BN B T BE AR, 64% I BERE N RIS BRI EHE R 5
RS ZEMARERE, N TR & 37 B B o6 AR RO REFEA R A B

2) 1t A AR AR S RERE SHECA 7.246 kgee. 20.170 kg, ¥4 AR TR A Bt TIPS 75 I BERE |
HesoE Hek, RAER 13.6%. 12.6%.

3) A AR BEAE S HE A L ORI T AT 2 0 ) T 42.5%. 41.6%, 1 tIRA KR4 Sl kD>
REFEL Y 5.36 kgce AT 14.34 kgo ¥4 P4 2L J2 I RE FE PRI B ZEAE T HEANERTY,  J/D BEAE 4.06 kgce.

4) RHAFFa L, S A FA B BRI T S AR, RIS AR R A AR b, oy
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oo AR R R S HE, SR BRI FHERZ AT RE . IRARCR B35 .
E&mE

FET- a0 B 0 T A I B AR SR BE R R 7T (AHJK 2015-01).
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