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ENVIRONMENTAL IMPACT ASSESSMENT METHODOLOGY OF CONCRETE

Z B EY, RAR ZmTT
Zhuguo LI and Takaaki OHKUBO

This study aims to develop an environmental impact assessment methodology for concrete. Firstly, we discussed the environmental burden

factors of concrete, which should be considered and are able to be assessed, and their inventory methods, and proposed an integrated

assessment method of environmental impacts for concrete. Then, 15 kinds of embodied energy and emission intensity data, and 9 types of

environmental impact intensities (I,~Iy) that consider different environmental burden factors were calculated for 36 kinds of raw materials of

concrete, concrete mixing, and 5 types of transportation, by using Bottom-Up Method, and on basis of the modified version (LIME2) of

LIME (Life-Cycle Impact Assessment Method Based on Endpoint Modeling), respectively. Finally, the environmental impact indexes (EII) of

6 series of fly concrete were calculated by using 4 kinds of the environmental impact intensities (I;, Is, Is, Iy). The calculating results show that

(1) recycling does not always decrease the environmental impact of concrete, unless recycling method is suitable; (2) the EII using the I; that

integrates the environmental impacts of 15 kinds of burden factors, would rationally evaluate the environmental impact of concrete. However,

the EII using the I that was obtained by subtracting the environmental burdens of recycled wastes’ disposal can clearly reflect the

environmental benefits of recycling.

Keywords : Concrete, Environmental impact intensity, Environmental benefit of recycling, Life cycle impact assessment, Land use change
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WY OBRBEIERERA RS PR IR EN TV A RICEHR ST
2 A R RO BUE BRI 55 1T B IR & =R L X — O R AR
BEAT IR AL OB IR Uz, MR RO BIR & = 3L F— D
ANEER 3 WCRT, Aar s ) — NERERFOEDHE &IX
5.568kWh/m’ & L7= 9, 7235, b7 w7 Bk O IiN & B35 30k
BB Hisn T b0E Mz, K4 ITRTEETRLF DR
BEAMFHALZ VT, 36 fio =27 ) — NAMEL #SREEE LY
5 FEH O T E OB AR AL 2 RE Ui, $7o, BIEMCRIE
WERAMALCRE L2y 7 V— NIMEIO U A 7 VEREHEZES

JERIBREE AT RN b BT L7, MEBRBEARURALE, £ 4 (ORT
14 FfE & =3 L — M EOAF 15 A 5T, o &TI 2
WZZNHOT —Z &R L7,

B2 EDOT X — OEREEAM T HNLE X OB ORIED 720
DEPE « =3V F—OVHE B L H R RIT L <EBH LTV D,
# 3 LR AITRTEIUEOEMRITT — & DM IRINSTIRIC g S v
R Ccdh b, —iBid, BLRZ ERAICKBE L2200 S L, =
v ) — b OREEBEOSHN R EORRF E ERE LT
DARMFETIZZNG DT — X BWEEMIHE -T2, BB DT — % Ol
HET—FR—=2AOHEFNIAHOMEE LTz,

3.2 RIEFEREMN

BRI RALIL, BE L RRARMEBICE > TR D, AL
TUE, B0 L BRBEA TR AL L O 2 IORTHAIUREIC L - T
9 OB AR AR 5 LR 6 IR T L Ok Tz, KD
BREGRCB R AN B G L7 BREEAMTHE 2R 7 1087, L~ OFM
ERQ)IT & o TR B ORISR S i MLy S D Y
BOBRBERBLZWE L L ~L, ORHIERE)IC L > TERENTD
Nz, K, b, a2 EONR—=D U8B, b T v 7 sk L OWHE
BOBAIT B O RN L ~, OEIE L &R CTH 5D,

[ 3 (WA OB AT Z 7T, FRIORT L9, BEL
FREARMEA NS VT L, BB RAAIIRE 2D, T
FIHSGE A FHBEE & L7356 ORER AR BT RIRICH AR L,
ZAUE. BAROETLEBEASRN T, LA S DR RN K E
REMi S0, LIME2 1252 bR 7EHABREBRE VWD TH B,
LITZENEN L E 16D 14%E 1%RETHLH, ZOFRIZEST,
CO, & =R NF—HEOHETY EF CTREPEA M 2 OITR
F45THDZE NI,

B 40, NEG 0 b AJ7 TR U 72 A M (H-RCA) DB EE Y
BEHEM AR LT b D THD, I~ DIEERD &, B LIEREA
WIHENRZWVEE, REERBEFEAITIAE ), UL, H-RCA DR
wioflibnizfEar 7 UV — N EONTCHEAICA L REREY
BT 5 & BRERAFHMITNES LSR5 23RO LN (L~
DEZEZI), FRC, FE= 7 U — hOMNIC X5 FHIF S o5
BE B A LT ITAMIZER UTe, F7o, BEIEMOHNLIZ X 5 5
oy ktive b B LTz I O RIEIZ D Uiz, ZAud, AARTIIE
EMDOEMAGER R L TR Y | FEEEYOMNLIZ L D BTN K
ELFHMISNTWD D TH D, U I A 7 M OBREE A AL,
FEFEMOHISIIC K D BB A AR T 5 Z L TAIC AR Y | FEERR
REEM D U HA 7 VOBREHRERAFEIEICRITE 2 X512 D,

B 3 &R 42 RauE, THIFIHZERIC X AR B AL ZE L 20
L~ i, #fa & H-RCA TiX H-RCA DIFH AR E VN, ZHid, HRC
OEGEIZA LD LRIV F—BHE SN D TH D, LI~Is
OWFNAEFIH L CHERM a7 U — FOBREEELFT 5 &
efiznicar 7 U — FOFHMERRE D RE< R0 FAEEHH
HOBRBEREDRE B TE A2, Licho T, BEEDRIEDIC
& 2 EM I ORI B OB A BT 5 72012, &=
HF A A BREAAEE & LTI RIF 2 0ERH 5,

3D E A b OBREBIF A AKX 5 1R, FXIRT &5
2. BEEM ORI B b 2V R A 2 b OBREE A RN i
H/NE W, BEFEY OIS X % LR S DO BRET R A R L 7=
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£33 BEMHOREROIRLF—BLIUVEREAE ()

AR = T L BT PSS VDR P I T
D I IR
%6 /] 4.88E-04 kWh, ¥TiH 7.34E-08 kg, CREDRA A REIGYLRIER2000 07— )7
Ekit A ke) 77V Vv 134E-07 kg, LPG 1.05E-08|  3Cfik 16) < KEEHEHI(2000 FED T — &)1
& ke, HiliH A 226E-06 m, KA A| 20124 | - HTBEFEM(2012 4 DT — 4)19
5.04E-10 kg VT A B RIS K DR
771 0.0316 kWh, £ % 0.094 kg, it
WEAL RS K 2t 21— 20,015 kg, C T 0.0024 lit, {7
HilL 7 B b k) JRAT - AT 1.19 kg, kit 0.046kg, BEFE
o F |
S R b KRB L — RS 5 3 C
0. - ik 0075ke, i ‘ Do THUSOHEHIZBE T 1T L 52004 DT
T AT et A — 7 % 0.00887kg, C il 0.00191it, 1)K STk 4) 5
g7« B4 0.68kg, kit 0.0260kg, BEZEW)| 2004 4R LR B FEREMRE R B T XM 7
BEXN 0.0067kg, BEEMFIA 0.283kg o Pleu P /i%\c’ 5 b0
/1 0.0216kWh, 7% 0.055kg, £iilH = R o °
e —2 % 0.012kg, C EH 0.0017lit, £7JX
RIFE A b 4+ EEAT 1.02kg Kt 0.037kg, BEFEW
BEAD 0.01kg, BEFEWFI 0.493kg
(1) ) 4.3 kWh, Bl 0.366 kg SCHEK 13) - "
LA D e & 4% ] : g L7,
W) %) 6.2 kWh, #51H 0366 kg lo7s 4 | RO ORISR & 40K CO BIEBURE BB L 7
(LA - [WRbF, BERY - BEWSH] (m?)| %77 0.18 kWh, #31 0.74 lit -BUGEHRE O & WO AR FRVE &% £ 24 1330
kg/m® & 1570kg/m’® & L, 2 FEEEOBH kg H7=0 D=
SCik 4) IV —EEEEZFHEAE LT,
HERD « YERYF 2004 4 o L1 B AR R D L R RS & ARk CO, B E
771 0.18 kWh, C Fjh 0.123 kg, A &l KaeBE L,
0.075 kg/m® SHEEE MR X DM COL FEDRAZ B LT,
BE, FRICHBE SN =R AVX—BRHTH H 7=
JIHD « ) TESF b, HERD - YEDR| O = 2L F—IHEEEZERA L, COY
[ E OB RITEEEM LR T L HICEE L,
ITFE : %77 0.126 kWh (0.453 MJ) Sk 3), 1992 42| « 7T AT w2 IS TFE & TR bR il oo A
- e . 13, ZhEH 6000cm’/g & 3500em’/g ATtk Td D728,
7IAT v a ke 1 : 877 0214 kWh TIS 1RO 535k o e 78 Rl JIS ITRE D 1.7 5 & L=,
VIFE : 71 0kWh R EFRE LW VIFEOBNEE T & Lz,
VU BT 2 — AOLEFERIT 15000~20000cm’/g T
5o EOWEIZNERBEINIARWTH 572, LR
LU B 72— A(kg) 5.39 kWh (=0.126%15000/3500) FEIZ 3500cm?g A% D NSUFED 7 T A T v 2 2 D43
RICEST HE NS CENHEHEEEZ B L L
THER L7,
4000 cm®/g | ¥ /7 0.17 kWh iRk 3), 1991 £F | 4000 #k o> FE 7)1 #5 Fds I OV ) ¥ 2% B A3 LE R s (O
A A T 7 R (kg) 6000 cm*/g | %577 0.23 kWh - 925 Z 12X > T, 6000 % & 8000 ko>l 7~
8000 cm’/g | 7K /7 0.31 kWh - DOEIHEE AR LT,
A Fe# A% 5000 cm¥/g SCrk 13),
ARAHEA k) 7 /7 0.0368 kWh, i1 0.0168 MJ 2000 4F
He A= A LS - . N
PR L (kg) BIEMSMRE %7 0.00744kWh, #3HH 0.00611MJ %St_fifgﬁg &zz\f’éii 7;,) 0. 125t OFE= 7
o o " . It DFEa 7 J— T 1t OFAHEH 2 1Ed 57
FAMEM L (kg) B35 890 0.0588 MJ B ) ) — b O A G X 5.
FFAHE M H (k) - . ) It PPz 7 ) — T 056t DFFAEMEH & RGET 57
29 ) 2B 7100249 k'Wh, #EH3 0.0136 MJ ik 1;)’ W, LIt OBET S U — F O BERREC X 5,
2000
AR H (kg) - s 1t OFEa T U— N OMERZIZFES) 290kWh &
AT D bR .71 0.0240 k'wh, K2 0.3070 MJ 0.7t B SN B,
It DFEa 7 U — R T 035t OFAEMEM & 030t D)
FRAEAIE #4 H (kg) . FAEME M E e iET 5,
AT &5 H 2 777 00206 kWh, i 0.3070 MJ 1t OFVERLEE & PR H OIS T ZZN, 0538
L0462t OFE= 7 V) — hOMINIAV AT X 5,
:<77kx ? 7%4{4(1(‘%), m*’l":‘t ?Ejj 0.24 kWh, i{ﬂa 0793 lit Yﬁk 3), 1t O :@X :j 7%*4—;&,%}3—;—5 Tz & c: J: - —( 1238kg
THAT T EM(g), A 77 0.959 kWh, il 0.0144 lit 1988 4| DB T B NS
EWE A Z TR M (ke), D %71 0.0142 kWh
. XEK13), |1t O@IFAT 7 EMERET S 2 LIk o T 1t OB
mIlE R 7 7R (kg), A %71 0 kWh 2001 4E | SEMIHAT AL BSRELT B AL D,

B A T A M (ke), A -

TRigy

777 0.0134 kWh
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£ 3 BEMHOREROIRLT—EIUVEREA kg H=Y) Q)

MRS B4 TR — EEEEA [ & T — & O R FHHB LOA X b U SO B
A Z 7B % 77 0.000116 kWh ik 13) It DEIFAT T EMERET 52 LI2L>T 1t OFE
T ru=y VAT IHEM %71 0.0156 kWh 2001 4 FEMINT Ay 2T B D,
AT THEM OREDBENHEENTAHTH D,
T xu=y VAT IR 71 0.000116 kWh - KRR TIE S NS T2, AT ZHEtt DES

W A 5] bT HE LTz,
SRR EE 27 7HEM ERCTH ST

BRI AT A ERAE) | %71 0.0142 kWh - &>\ /%’ﬂmFX77*ﬂ”B'M® EIEERASRL
Ebkc
@”hmimﬂm AT THBEMEFRLTH DT
BRI AT ZHIE M ORI | %) 0kWh - W, KWBIEIE AT 7 HIEM OB E EE SR L
THE LT,
TOKAI() 7= %) 717 0.348 kWh SCHR 13)1F, CO2 PEHHED A& H5 2T\ 5h, =3 /LX
SCHk 13) —FHEMBERIIAHTH D, FE L, COHEHED
FEPEREIRUKFIGR U VAR 8 5R) | %577 0.425 kWh 2005 4 TRTCEENWERICEIZb 0L LT, BEHMEES
W L,
77 0.120 kWh, AT iH e
B TR AR 0.192 MI, i LB JEE 2004;5
1.282kg

®4 BEIXNT—EREVVEQREEFEM

TRV TS B (%) TAILF | CO,p | SOy | NOy | CHy | N2O PM COD | TN | TP |BEZFEW| M | Ak | KERT A
BESEMIL Sy — M) |kg/*)| (g*) | (@) | (&%) | (g/*) (g/*) @) | @) | @) | kgM)|keg*)| kg*) | (kg*)
3.530(1.400]1.800 2.100]  7.400 1,500 | 5.100 | 7.000 | 2.700 [2.601| 5.721 | 6935
) KWh | 9.750 101 [ o1 | E-01 |20 £-03 E-03 E-04 | E-03 | E-04 | E-03 | E-02| E-02 | E-03
. wr | Liss |7800[1140[5.170[5.000[3.160[ £ 5262600 3.456 | 3352 [ 2599 | 1273 [2.194] 7278 | 3433

: E-02 | E-01 | E-01 | E-03 | E-03 {85 4.346E-02| E-04 | E-04 | E-05 | E-04 | E-02 | E-06 | E-04

2579 4150(3610] 2300 | 2310 | 7.854 | 1.078 | 4.158 |4301 5.308

LS ke | pigp |2409]2:50016.0001 g5V E o1 | Eroo E-06 | E-05 | E-05 | E-05 |E-03| 092 | o4
\,_ 3560 5930[3390(8.940]  1.070 | 3.495 | 1.188 | 1.631 | 6291 |9.998 | 1333 | 1.075
A== 2 ke | g [2O33|44000 8 61 B0z | B-02 E-02 E-06 | E-04 | E-05 | E-05 | E-01 | E-03 | E-04
- 3910 2737 5.550 1125 | 3.825 | 5250 | 2.025 |8.700| 2.880 | 1360
AT Lol g |2893(7:625]6.100 1 ) 100001 prgy E-05 | E-04 | E-05 | E-04 | E-01 | E-04 | E-02

- 4170 2248 3.140(6.150| 8330 1125 | 3.825 | 5250 | 2.025 |8.700| 2.880 | 1360

CHH Lol gror 2995501 2233 E01 | E-01 E-01 E-05 | E-04 | E-05 | E-04 | E-01 | E-04 | E-02

- 7.100|2.500]9.300|1.000 6.842 | 8808 | 2995 [4.110 | 1.817 |3.401| 3.849 | 5252

KT it M L067 g 60 | B0z | E-02 | E-03 [2000)  Eoo7 E-06 | E-04 | E-05 | E-07 | E-02 | E-06 | E-04

o N 3.021 5.440 2025[1.705|  1.060 | 9.722 | 6.090 | 8312 | 1.550 | 1.300] 1.625 | 2.057
P77 2F v 7BER ke | gy 2640|501 | 12201 E og | Eoo1 E-01 E-04 | E-03 | E-04 | E-01 |E-03| E-03 | E-04
= 5721 |2.073(8.275|1.087]3.100|1250]  4.663 9290 | 1.110 | 2.060 1538 3353 | 4.066
BESEIRAL ke | Eo1 | E-02 | B-03 | E-02 | E-06 | E-04 E-04 E-02 | B-02 | E-04 | %90 | E03 | E03 | E-04

[E] AL O H -
1) B OKEHEHP(1990 45) & BEFEY)(1992 4E)1) | 230 5 LIS O JFUHL (2004 4F)Y
2) IO EZ KA + SOy * NOL(2005 ), 120 U A2002 4F), KEHELH(2000 )7, = 3 L3 —E N2 (2013 )2
3) AROBEREDELR « RKEAEG) « =3 F—EHE (2013 4£)2), KEPEHITE I HEE & 2 X 5 HE
4) A= — 7 ADOWRHELIA - SO, + NO, + TH/LX —EPIHE 2013 40, KEPEHEYITEIMEE BIC X 2 F5HEME
5) A FEHOREDELMAE, SO NOK (2005 £4£)1?, = R/ F—FHE(2013 4£)20, 13U A - KEVGYY) - BEZEy) « &)1 200 L A3
6) C MO F/LF — « CO, * SOy, * NO; (2005 4£)'? | =3 /LF —EJRINE « CHy » N,O « 1EWV U A(013 4E)), JKEETEYM) - BEZEMITE I
Pl O\ X B BHVE
7) FTMOIRESHFRAR « KEKIFGD(2005 4)0, 1RO T A « e - =3/ L5 —&JENE(2013 45)°), JKEBEH LB B 20 K 255
8) 7T AF v 7 BEHID KETE Y2000 )™ & = L X —FIRIE R (2004 4E)), TOMITES & A THOMERE Y 2k E)u1‘7%1
9) BEFEMINI O KEPEHH (2004 )Y, FOMIF= R X —MEEY I X HEHFEM

I iE I~1 80 RIGIID U Ry e O R 8 IR Lz o 13, L OIS IV D FA O EITE LI 2,40, 2.33 35 L 18 2.20g/em’ T,
TIAT vvat A MEEFEAY FOBEICITAMIZR ST, PR mBIEZNEH 5530, 3740 B L1770 em¥/g Th o7, BA Y
OFEV, BEMERBICHALEZZ 947 v vat Ay @it by MEES . CHUEA I L ONRRAEE (7 T4 7 v v a2 LARTHRFIAD)
AV NI HIRH S O & B Sy e OFEFIIZ B ik © & 10t T 4 —EN NT v CHiE S L, kRS A 100m,
5HDTHD, 41m, 46m 35 XN 150km & AHE L7,
42 FEHERBLUERE

4. aAVH ) — rDOBREZED TS BRERA B O BB B BAL I, I, I, b 2 VT, X(D)Ick»Te
41 vy ) —+roRE YU—=ADar s U — b OREEEEMETL AR L, I, 1, Is, L

6 YV—ADT7IAT vaFNERW-arys ) — KOs s Z 2 BREEREHEH BN OFHEAE R4 £ £ 4L Ell-1, EI-6, EII-8,

PERERRBRAE 4, SCHR 22,23) & 0 & 8 IRtk %, JISTHE, JIS 11 fEE EI-9 L5092 2 Ll Uiz, BHRAERZM 6 1277,
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R5 BHEMHOREZERENMN kg H=Y) (1)

iy CERREORR L L L I I I I I

Wid Ak 4.434E+00 | 4.439E+00 | 6.084E+00 | 6.087E+00 | 6.093E+00 | 7.850E+00 | 7.692E+00 | 6.557E+00 | 3.454E+00
TIAT v ak AL b 3.585E+00 | 3.588E+00 | 4.907E+00 | 4.909E+00 | 4.914E+00 | 6.416E+00 | 6.253E+00 | 3.929E+00 |-2.423E+00
EFE AL b 2.599E+00 | 2.602E+00 | 3.596E+00 | 3.598E+00 | 3.602E+00 | 4.608E+00 | 4.439E+00 | 4.070E-01 |-1.062E+01
TI7AT v a (JISTHE) 3.895E-01 | 3.898E-01 | 5.107E-01 | 5.243E-01 | 5.243E-01 | 5.305E-01 | 3.455E-01 |-7.823E+00 |-3.016E+01
7947 v a (JISIfH) 2.995E-01 | 2.998E-01 | 3.927E-01 | 4.032E-01 | 4.032E-01 | 4.079E-01 | 2.229E-01 |-7.945E+00 |-3.028E+01
7947 v a (JISVIFH) 0.000E+00 | 0.000E+00 | 0.000E+00 | 0.000E+00 | 0.000E+00 | 0.000E+00 | -1.850E-01 | -8.351E+00 | -3.069E+01
UNT a— A 1.283E+01 | 1.284E+01 | 1.682E+01 | 1.727E+01 | 1.727E+01 | 1.748E+01 | 1.729E+01 | 6.232E+00 |-1.321E+01
BT A T AR (4000) 4.041E-01 | 4.044E-01 | 5.298E-01 | 5.440E-01 | 5.440E-01 | 5.503E-01 | 3.653E-01 |-6.579E+00 |-3.014E+01
BT A T A (6000) 5.511E-01 | 5.515E-01 | 7.224E-01 | 7.418E-01 | 7.418E-01 | 7.504E-01 | 5.654E-01 |-6.380E+00 | -2.994E+01
EEA T R (8000) 7.347E-01 | 7.352E-01 | 9.631E-01 | 9.889E-01 | 9.889E-01 | 1.000E+00 | 8.155E-01 |-6.132E+00 | -2.969E+01
FAEHLE L (B SR 1.946E-02 | 1.949E-02 | 3.236E-02 | 3.300E-02 | 3.300E-02 | 3.329E-02 |-1.980E-01 |-1.041E+01 |-3.833E+01
FAEMUE M L R RT) 1.683E-02 | 1.702E-02 | 8.785E-02 | 8.808E-02 | 8.808E-02 | 8.819E-02 | -9.681E-02 | -8.263E+00 | -3.060E+01

FEMBEMH (A7) 2— 70| 6.310E-02 | 6.318E-02 | 9.799E-02 | 1.001E-01 | 1.001E-01 | 1.011E-01 |-2.293E-01 |-1.481E+01 |-5.470E+01
BEREMH (B0 $5078) | 1.510E-01 | 1.511E-01 | 2.172E-01 | 2.192E-01 | 2.192E-01 | 2.201E-01 | 1.205E-01 |-4.273E+00 | -1.629E+01
FHAMEM H (Y0 §,20550)| 7.099E-02 | 7.097E-02 | 1.203E-01 | 1.212E-01 | 1.212E-01 | 1.219E-01 | 3.648E-02 |-3.737E+00 | -1.406E+01

THAT TEK (KRB 9.577E+00 | 1.002E+01 | 9.070E+01 | 9.072E+01 | 9.072E+01 | 9.073E+01 | 9.050E+01 | 8.039E+01 | 5.274E+01
ZHAT TEKM (BERN) 2.448E+00 | 2.457E+00 | 4.627E+00 | 4.707E+00 | 4.707E+00 | 4.743E+00 | 4.514E+00 |-5.611E+00 | -3.325E+01
EF AT THEM (R 3.381E-02 | 3.383E-02 | 4.432E-02 | 4.550E-02 | 4.550E-02 | 4.604E-02 | 4.604E-02 |-1.006E+01 | 4.356E-02
EF AT THIER 0K 0.000E+00 | 0.000E+00 | 0.000E+00 | 0.000E+00 | 0.000E+00 | 0.000E+00 | -1.850E-01 |-7.378E+00 | -3.069E+01
AT SHER (B - R 3.184E-02 | 3.186E-02 | 4.174E-02 | 4.286E-02 | 4.286E-02 | 4.336E-02 | -1.416E-01 |-7.335E+00 | -3.064E+01
AT THIEM 2.769E-04 | 2.771E-04 | 3.630E-04 | 3.727E-04 | 3.727E-04 | 3.771E-04 | -1.846E-01 |-7.378E+00 | -3.069E+01
Txu=y VAT * B 3.710E-02 | 3.713E-02 | 4.864E-02 | 4.994E-02 | 4.994E-02 | 5.052E-02 |-1.345E-01 |-7.328E+00 | -3.064E+01
Txn= AT TRIEM 2.769E-04 | 2.771E-04 | 3.630E-04 | 3.727E-04 | 3.727E-04 | 3.771E-04 | -1.846E-01 |-7.378E+00 | -3.069E+01

%ﬁﬁﬁ{tiﬁxfjﬁ%ﬂﬂﬁ( #) | 3.381E-02 | 3.384E-02 | 4.433E-02 | 4.551E-02 | 4.551E-02 | 4.604E-02 | -1.390E-01 |-7.332E+00 | -3.064E+01
BRI A T 7K (GKHE) | 0.000E+00 | 0.000E+00 | 0.000E+00 | 0.000E+00 | 0.000E+00 | 0.000E+00 | -1.850E-01 | -7.378E+00 | -3.069E+01

x5 BEMHOREHZEREN kg H=Y) (2)

R B R RO I I I Ly Is Is I; Is Iy

R B

PSIERS 3.477E-03 | 3.578E-03 | 9.381E-03 | 1.101E-02 | 1.101E-02 | 1.175E-02 | 1.175E-02 | 1.175E-02 | 1.175E-02
A 1.507E-02 | 1.513E-02 | 3.861E-02 | 1.033E-01 | 1.079E-01 | 1.543E+00 | 1.543E+00 | 1.543E+00 | 1.543E+00
TR 1.959E-02 | 1.965E-02 | 4.454E-02 | 1.093E-01 | 1.139E-01 | 1.549E+00 | 1.549E+00 | 1.549E+00 | 1.549E+00
(Li/BERbF| 6.526E-03 | 6.595E-03 | 3.303E-02 | 3.313E-02 | 3.772E-02 | 1.426E+00 | 1.426E+00 | 1.426E+00|1.426E+00
(Li/ b 7.714E-03 | 7.795E-03 | 3.900E-02 | 3.911E-02 | 4.371E-02 | 1.432E+00 | 1.432E+00 | 1.432E+00|1.432E+00
I - -0 R 1.835E-03 | 1.883E-03 | 1.246E-02 | 1.247E-02 | 2.798E-02 | 2.799E-02 | 2.799E-02 | 2.799E-02 | 2.799E-02
I Wg-p 2.168E-03 | 2.225E-03 | 1.472E-02 | 1.473E-02 | 3.024E-02 | 3.025E-02 | 3.025E-02 | 3.025E-02 | 3.025E-02
FIRFIA (5000cm?/g ) 9.245E-02 | 9.257E-02 | 1.401E-01 | 1.432E-01 | 1.478E-01 |1.537E+00 |1.537E+00|1.537E+001.537E+00
BOKAl (V) 7=F) 8.295E-01 | 8.302E-01 |1.087E+00|1.117E+00{1.117E+00|1.130E-+00 | 1.130E+00 | 1.130E+00|1.130E+00
EMEREIBUKAINAR U VAR ER) [1.012E+00 | 1.012E+00| 1.326E+00|1.362E+00 | 1.362E+00 | 1.378E+00 | 1.378E+00|1.378E+00 | 1.378E-+00
BRI TR B b 3.435E-01 | 3.437E-01 | 4.623E-01 | 4.723E-01 | 4.782E-01 |2.263E+00|2.263E+00 [2.263E+00 |2.263E+00

®6 REEE S VIREDOREFEREN

BT B BRI HA oD AR

St 2 I I Is I4 Is Is I Is Iy

Ao s (1m’) 1.326E+01|1.327E+01|1.738E+01 |1.784E+01|1.785E+01|7.337E+01|7.338E+01|7.338E+01 | 1.949E+02
W0t X7 +7 v 27 (km-t) 4.022E-01 |4.075E-01 [1.720E+00 |1.726E+00|1.726E+00|1.729E+00 | 1.946E+00 | 1.946E+00 | 1.946E+00
2t 87 v 7 (km-t) 9.655E-01|9.760E-01 |5.039E+00|5.052E+00 |5.052E+00{5.058E+00 | 5.058 E+00|5.058E+00 | 5.045E+00
4t b7 v 7 (km-t) 6.360E-01 | 6.430E-01 |3.320E+00|3.328E+00 |3.328E+00|3.332E+00 | 3.332E+00|3.332E+00 |3.332E+00
10t 7 v 7 (km-t) 5.071E-01|5.126E-01 |2.647E+00|2.654E+00 |2.654E+00|2.657E+00 | 2.657E+00|2.657E+00 |2.657E+00
20t N7 w7 (km-t) 2.951E-01 |2.983E-01 |1.540E+00 | 1.544E+00|1.544E+00|1.546E+00|1.546E+00|1.546E+00 |1.542E+00
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ENVIRONMENTAL IMPACT ASSESSMENT METHODOLOGY OF CONCRETE
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This study aims to develop an environmental impact assessment methodology for concrete. Firstly, in Chapter 2 we discussed the
environmental burden factors of concrete, which should be considered and are able to be assessed, and their inventory methods. System
boundary of LCI (see Fig.1) and an integrated assessment method (see Eq.(1) of environmental impacts were proposed for concrete.

Then, in Chapter 3, 15 kinds of embodied energy and emission intensity data were calculated for 36 kinds of raw materials of
concrete, concrete mixing, and 5 types of transportation methods, on basis of the energy and natural resources input (see Table 3) and
the embodied energy and emission intensity data of various energy (see Table 4). 9 types of environmental impact intensities (I;~Io, see
Table 7) that consider different environmental burden factors were further calculated (see Table 5 and Table 6) by using Bottom-Up
Method, and the weighting factors (see Table 2) given by the modified version (LIME2) of LIME (Life-Cycle Impact Assessment
Method Based on Endpoint Modeling), respectively. Also, 9 types of environmental impact intensities (I;~I) are shown in Fig. 3~5 for
crushed stone, recycled coarse aggregate and three kinds of cements (ordinary portland cement, fly ash cement, and blast-furnace slag
cement). These figures show that in order to access exactly the environmental impacts of concrete’s raw material, land use change
should be considered. And for exactly reflecting the environmental benefits of waste recycling, the environmental impacts of wastes
recycled in concrete’s raw material when disposed into landfill should be counted as a negative value.

Finally, in Chapter 4, the environmental impact indexes (EII) of 6 series of fly concrete (see Table 8) were calculated by using 4
kinds of the environmental impact intensities (I}, Is, Is, Iy), as shown in Fig.6. Fig.6 shows that (1) recycling does not always decrease
the environmental impact of concrete, unless recycling method is suitable; (2) the EII using the I that integrates the environmental
impacts of 14 kinds of burden factors, would rationally evaluate the environmental impact of concrete. However, the EII using the I¢
that was obtained by subtracting the environmental burdens of recycled wastes’ disposal can clearly reflect the environmental benefits

of recycling.

(2015 4F 4 H 3 HEAFE, 2015 4F 11 A 5 AERAwE)
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