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< SUMMARY >

Purpose &
Contents

The purpose of this study is to develop an original technique for
environmental friendly cement satisfied with the quality standard of ordinary
portland cement type 1 (KS L 5201) using recycling technology of inorganic
construction wastes (Inorganic construction wastes included a large amounts of
Ca0 and Si0, such as tile, glass, ALC, gypsum board, waste concrete powder,
and etc).

1. Recycling technology of inorganic construction wastes [RT]
Construction the recycling database and analysis of chemical
characteristic by inorganic construction wastes, and development of
precast technology for inorganic construction wastes quantity

2. Manufacturing technology of environmental friendly cement [MT]
Development and performance assessment of an original technique for
mix design and manufacture of the optimal environmental friendly
cement using the recycling database of inorganic construction wastes

3. Assessment/management technology of environmental friendly cement [AT]
Development of quality control guideline and assessment of
environmental impact for environmental friendly cement by analysing
the environmental performance of inorganic construction wastes and
environmental friendly cement

Results

This study is to develop an original technique for environmental friendly
cement satisfied with the quality standard of ordinary portland cement type 1
(KS L 5201). The development results of this research are as fol lows.

[1] Chemical characteristic database for recycling of inorganic construction
wastes

[2] Original technique for mix design and manufacture of environmental
friendly cement

[3] Quality control guideline for environmental friendly cement

Expected
Contribution

Application Plan

= (reation of environmental friendly resource circulation based on Connection
of construction waste treatment industry and cement industry

= Diffusion and utilization of environmental friendly cement used widely in
the construction industry

Expected Contribution

= Reducing the environmental destruction and greenhouse gas emissions caused
by landfill and incineration of inorganic construction waste.

= Reducing the cement production cost through recycling of inorganic
construction waste as cement raw material

Keywords

Inorganic . .
. Recycling Environmental Quality
Construction , Cement
Technology Friendly Control
Waste
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O P2IAH AME7E sI5EE o/EH DFE

E 3.4 LF0olHo|EQ FE =M (ch2l %)
-+ 'E‘ SiOg A|203 Fe203 CaO MgO SOs NaQO Kgo
1 4.6 27.2 11.4 53.0 2.2 0.0 1.5 0.1
HEAHE
Z27 2 7.1 27.5 6.0 53.4 2.2 0.0 2.0 1.8
= o
3 5.8 28.7 5.3 54.8 2.2 0.0 1.7 0.8

28H F9| aluminatedt2 CAS FAHESZ 5t of7[of Y7t2(7t 0| D=1
2 0.

AN
—_—
N
=
N
=

g7 SolME Naz0, K0 171.0% = &7=0 A0M O dF =
vte|2 EMstn, LHX= 227 =0l 2ESHA . a2M DEE L=

434 SAME aluminate atoll Bol &F=o U, o[Hdl 2&l CALl ZAEF=T}

2g 282 E2|= aluminate &2 FetxMoll= FE 3.40(A2F Z0| CaO Z Al,0;9
2ME 2oE Ex MESZ Si0,, Fe,03, MgO & 272|171 &X &
227 =9 Na,0 & K05 92 2 dR2EE E0{2E SO2 ZEsto] A e ot

SA2 X[l FE2 CiAo LEE0 o2 Y72 &0 Mol Uy 1EA

o|sH &
ojZ2| Na,0 2 K,0= Ca?<2Na’(& , 8t Fe,03= AlO,
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my
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gho| dofrtal L7tz|of k& o[2loll CsALl A0, AtHA Sl LF Tt Si0s AHHA 2 Hatst

= Aol olsif et EE =l CsAol CHEr Fex032 & Helol thshM = 2Ca0-Al0s2t

2Ca0Fe,0:E Cl= Malo| =Mo| dHXMoZ Hslsts AT S T2 M 2HAH =
of MM Hao=2RE H2tof sl BHE MEst= A2 ferritedd. 0| kel F
HdE2 28 CAFE E8E = CA-CFAL nEAM. EEHH F2| ferritedte =M
MM z=Zof| ofsl atEs| ZEIX|ZXPE B2 Z40| CeAF. ~ CeAF2| Aloloff &Rl

Methanol-Salicylic acid Xzloll el EYHZEE 2el= ferrite &te| EtEA il &
3.52F &S, E 3.50MLel 0| C,AFE FAM3l= Ca0, ALO;, Fe,Os; O|2lol = SiO,2f

MgO7h &EHes BRE0 USs SHeld & US.
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O P2IAH AME7E sI5EE o/EH DFE

Temp. Alite, Belite Morphology

Maximum Temp.

..................................................................... Interstitial phase Size
Burning Time Belite Morphology

Belite Size Cooli g Rate

Alite Size

Time
(Reflective Microscopy)

off, 120llAe| FXIAIZF2 belite2| AZ|o 3
gat & belite2] Eollo 2 &2 F= A2z LHH US. olziet =52 SHof w

2t &4 SEE Yotal £ =+ A2, @It Aol w2t 3ol feed back € F U= &

Aot ME=SHAME raw mixZt 245 24 = 29 =W

Ol EHERM HoollAl SMINZ overflowslE ZROl LM, o B, 2N 25 3
5 WOIXID materialel S2AIZIS olxlni, BIEE 2YHE 2 WY slol Y7 Yy
Aol £7] =82 JhA. Yyt S| AEe ojY 2P, &4 x7iel HEo| o

Poor burnt 2&7{2| VW(volume weight)2 VW<1.00kg/£0| 7|&82 0.25~0.35cc/cc &.

Poor burnt 2872 7|&

Mo
ro
O
r

n

= 2efe| interface ¥ T2l interface 7+=1} CH2F H|

%ot 79, B2 EF 2ajs 25 7IBB0| 0.42~0.47, T HY SMAl 7382
0 27| sMo| xv|cold ZaF el Fo xts
2ejo] £ g wHoz MEs AM HEo| Bl wal 3 wye 7o EH o

B2 Biststo] &
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@ P27 HEHZE /547 0/2

2
N
b

gt 23 FHLe| VW=1.20~1.25kg/40|11 7|&&8& 0.13~0.16cc/cc ==, 7|32 poor
277t A5 SH2=2 M=xgd, 2EH ol EXst
£ 71832 227 WEZE EAM=oZ. L2 3R detxiof UE cHRIMEZel FERAM S
DHME 7|8 227t continuous®h AEHOIA] discontinuous®h MEH 2 Bi5tsto{, O ZAHA|

M2 7|880| 0.25Ct 2ALE 22 AR(VW=1.14)¢.

el

¥ 3.6 A9 M HEo} =& M

0

i:g‘rigs No. aggcrigate Alite % | Belite % | f.Ca0 % | Porosity | V.W.
al ball 37 51 12 0.35 0.93
a2 ball 50 43 8 0.28 1.03
a3 bubble 35 40 25 0.34 0.94
Poor a4 bubble 40 45 16 0.34 0.94
a5 combine 57 31 11 0.27 1.04
a6 combine 66 25 10 0.26 1.06
mean 48 39 14 0.31 0.99
a7 spindle 55 39 6 0.10 1.29
Medium a8 elongate 74 26 0 0.14 1.23
mean 65 33 3 0.12 1.26
a9 disperse 76 24 0 0.09 1.30
alo disperse 83 17 0 0.09 1.30
Well
alt disperse 90 10 0 0.04 1.37
mean 93 17 0 0.07 1.32
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[RT] F2IA AMHTIE MRSt FHI|=

D S| ANH IS SSHEE /2N BE

B 77(A H4H7|2 55t E o|BX

(BHe] - SHHUHEE, %)
’“é';; = gy | msa | o®Es | HAC . e “”f’l;:f
SiO» 61.4 71 64.34 48.3 1.6 45.5
Al>O3 17.43 1.47 24 1 3.69 0.69 11.9
Fes03 1.73 0.07 4 .81 1.88 0.22 1.9
CaO 8.8 8.91 0.57 28.1 54.32 29.8
MgO 1.13 4.04 1.13 1.59 0.1 1.9
Na,O 0.68 13.1 0.78 0.26 0.46 -
K20 1.27 0.83 2.89 0.62 0.23 3
SO3 - 0.24 - 1.66 41 .47 1.4
TiO» 0.36 - 1.09 - 0.49 -
7| E} 6.61 - - 13.3 - 2.3

May f= Ca0 mA8| HAnEs
HER H= Si0s, AlOs D EEHE
NIRRT Si0; o, miga
MEHE HE FeaOy =E HRYE
+ M7 + Cals0, - 2H0 + H4lmE=

a8 3.5 FIA HME TS AL A MY
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@ APE 3}5tX oIAf P24 & BI/H ANEI|E S5 2 24
315t 2lXT 24
Ctst RV AMET|ES 0l 85t0d DREIVIXIS] MYAHEES LS| s TA AlH
E HMz=ol ztsh oy =hetd olXtSof et &S MAlg
AHEES TMste fMEQ M3E, HEE S2f =22 AMHES F2 3std&Eel Cao,
Si0z, AlbO3z, Fe032 O|F0{ Al
T =2 M-et 2eH|g2 =EEo FMED AME M= 3% JH2dl 1450°CO0[&t
== ZE2| ZE(Rotary Kiln)el &M ZHM Z5HM Zghol| olsl chohet M2 HE(2
27, Clinken) 2 Z&t=l0{ =&,
o wj MM=l= 2He= L2lo|E(Alite), HEl0|E(Belite), LF0|U|0[(Aluminate), H 20|

E(Ferrite)e] MES=2 F4MED 0[E2  C38(3Ca0-Si0y), B-C2S(2Ca0-SiO,),
C3A(3Ca0-Al,03), C,AF(4Ca0-Al03-Fe,03)2 F7(E

EESUE ANHES Fo setdE e YW O|EX2E ANUES E7HMEC 2379l &
=XMH|E o5& 5+ A=dl o i A== Z0| Bogue formula®

Bogue formulat 1920 ACHol| ZH{E 2 I(Robert Herman Bogue)oll 2|af ot=l Aloz

2lofM=
ASTM
(Feo03)2l

1(Bog

C3S(3Ca0-Si0,) 7+
C4AF(4CE§IO‘A|203‘F€203)7|' 10% =2

ol
—__

olo

AL204, ASTM % KSZ|Z(KS L 5201)0il HAI=E
F0o|&(AI203) 1t

#0o| o 5.

22| AFEgE2

KS 7|&ol wa=H AHES| stetdEIH2H I (S|

et

2hH| (Al205(%)/Fe-05(%))oll w2t kg & 3.99

ve)Aloll  olsh  AlMElE  AME e ot

B—C2S(2Ca0-Si0,) 7t CsA(8Ca0-Al0s)7t  10%,

7M.

55%, 10%,

# 3.9 Bogue formula

FH 22 of =4
CsS = [4.071 X CaO(%)] - [7.600 X Si02(%)]- [6.718 X Al,0x(%)] —
ke 3] [1.430 X FesOs3(%)] — [2.852 X SO4(%)]
Al O,
B0y | maeiel = [2.867 X SI0:(%)] - [0.7544 X C;S(%)]
> 0.64
Cat = [2 0s(%)] - [1.692 Os(%)
oF= O] AFAFA 3 = [2.650 X Aly 3%] [1.69 XFengJ]
CsS = [4.071 x CaO(%)] - [7.600 X SiOx(%)] —
oA B [4.479 X ALOs(%)] — [2.859 X Fex0s(%)] — [2.852 X SOs(%)]
Al O,
B0y | maiel = [2.867 X SI0:(%)] - [0.7544 X C;S(%)]
< 0.64
Cat = [2.100 X Al20s(%)] — [1.702 X Fe0s(%)]
oz ol AHAA] 5] m e AT Gt
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[RT] F7(A HAMdHZIE MA2lst AH7|Is

@ MHE G55 oixf PHRL Y I HEHIE YL 24

H* 3.10 AHE A M=g2lE flet S4A

== M3 ZstE TE &
= LSF,Lime Saturation Factor SM ,Silica Modulus| IM,lron Modulus
o = Al 1.00Ca O Si O, Al, O,
- 2.85i 0y + 1.18 Al, O5 + 0.65 Fe, O, Aly Oy + Fe, 0y Fe, O,
MEHL 0.92~0.96 2.3~2.8 1.6~2.0
B F7/4 AMHZIE 3EfdE 24
o AMEEZ FZEAE|, FEAE Y MES GHE wESI0] HEY, HEEA, HAHES

H S & 8&9 A48 T, Lot &5 RIA HAHIIEEE MHEAHE o X
o

E FZE|Al ARRNE F BT R

3.6 F7|A 7"%”‘"
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[RT] F2IA HMdEHZIE MA2ls AH7|Is

@ AHE 3}51E 1A} FH 2L & PIIA ANEHI|Z 35 F

W i
.

(a) H232/E o

(b) HEF! 2 90 um AlE

<)
i1

= 2 90 um AE

a8 3.7 FIA dMHI|IE AR
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[RT] F2IA AMHTIE MRSt FHI|=
@ AMHE si5HE A FH 24 & FIIA ANEHI|Z o5 E Z4
= = AF0M EME /A AddEV|=e setdEE2 dddTol oo sEE AdHr|Eat
FALe st 2 E2 = =HofRlo] 37 Xo|7} fle Aoz EME.
= HHEIA HMIDEES F Z|E MUAATE Au Zo| A[ME FM=of A0 Ltetzts
(Ca0)2 thAlst=d F2et ta{ol 2 Aoz ofd=n] HEY, HEEHS A L
o HEE tAst=d F25H AE 2 5 US A2Z AlRE
= HAHES HEZFZE o|2E2 MeZEE(Ca0)d =S ZeSHAZE O 0| ~F0|n{, ofLt
SH12(Si02)2 HIg0| B2 A2 Hot ZafMEo| o oF ZojU0 MExH AR

O 3.8 g& xd 2M(XRF) AF O3 3.9 ZdeZE(lg.loss) AEH
E 311 RI|A AMHTZ|E2 EEy M At st dlolefHolA
(Chel @ =2 S %)
H = . . =
5 ﬁ’éﬂﬁﬂ?l% SIOz A|203 Fezos CaO MgO Nazo Kzo SOs TIOz 7|E|' L.O.I* ;%l'ﬁl
1 i [FSES 5.84 | 1.10 | 1.06 |39.21| 0.54 | 0.00 | 0.32 [24.62| 0.41 | 0.52 |26.39 (100.00
2| HM1EE | 0.91 | 0.32 | 0.30 |36.42| 0.22 | 0.30 | 0.12 |39.29| 0.03 | 0.13 | 21.96|100.00
HAIHE
3 =y 50.6910.01 | 3.93 [19.56| 1.26 | 0.67 | 3.69 | 0.99 | 0.46 | 0.63 | 8.12 |100.00
=
HZ32E
4 o|gat 55.46110.28 | 3.42 |22.35| 116 | 0.92 | 3.77 | 1.20 | 0.37 | 0.71 | 0.37 |{100.00
— =
5 | Bt 57.46115.95| 2.62 | 9.55 | 0.48 | 1.02 | 2.23 | 0.44 | 0.72 | 1.32 | 8.22 |100.00
6| HEMES= |63.05/21.00| 5.80 | 2.13 | 0.71 | 1.33 | 3.49 | 0.02 | 0.74 | 0.50 | 1.24 |100.00
Moz
7 Za4o 16.19|11.22136.32|123.10| 2.71 | 0.00 | 0.07 | 0.21 | 0.84 | 9.36 | 0.00 [100.0
=
8 M| A 12.21| 2.40 | 0.77 |44.75| 2.15 | 0.01 | 0.64 | 0.00 | 0.00 | 0.00 | 36.55(99.48
“L.0.1(Loss On lIgnition) @ Z¥dLzt
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F. 3.18 B A ZAL BTS2 ctel H ot (22 © kg/m')
=
T e S= SRC= RICZ= s e =2x
T 945 1,653 1,499 1,354
SSTH 840 1,041 1,562
AMHH R mfi{g 1,300 1,427 1,434
=ES 1,386 1,312 1,249
eIl 1,031 998 1,438
T 1,412 587
AR 7 9 12
SSTH 16 5 13
7ted WSAIA 11 11 9
H27|= =% 4
=g 3
& 12 28
AP A 27 20 22 16
SSTH 24 13 23
=294 WSAIA 37 17 21
H 7|2 =% 40 16 19
eS| 30 12 21
TE 17 11
T 96 83 61 31
SSTH 68 68 60
Hoss WA 130 86 62
=T =k 74 97 96
e 83 97 53
ZoEH 32 27
AP A 22 15 19 13
SSTH 24 6 18
R T
=2
P 17 13 11
& 14 25
JNR=ES 1,070 1,755 1,588 1,425
SSTH 948 1,120 1,653
. WSAIA 1,459 1,542 1,521
3% 1,485 1,449 1,360
Pl 1,140 1,111 1,511
TE 1,486 677
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1
A7|12&ei1 = 16.19 11.22 36.32 2310 2.71 0.00 0.07 0.21 0.84 9.36 0.00 100.01
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HAHEES] 0.7 035 0.07 0.03 0.14 0.01 0.00 0.03 0.01 0.00 0.00 0.06 0.70
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222 - 5.84 1.10 1.06 39.21 0.54 0.00 0.32 24.62 0.41 0.52 26.39 | 100.00
_%IE HEFY = 57.46 15.95 2.62 9.55 0.48 1.02 2.23 0.44 0.72 1.32 8.22 100.00
pic =
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2
AH7|2&80 e 16.19 11.22 36.32 23.10 2.71 0.00 0.07 0.21 0.84 9.36 0.00 100.01
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2
— AH7|2&ea 2T 0.44 0.30 0.98 0.62 0.07 0.00 0.00 0.01 0.02 0.25 0.00 2.70
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222 - 5.84 1.10 1.06 39.21 0.54 0.00 0.32 24.62 0.41 0.52 26.39 | 100.00
_%IE HEFY = 57.46 15.95 2.62 9.55 0.48 1.02 2.23 0.44 0.72 1.32 8.22 100.00
pic =
| HA|HES # 50.69 10.01 393 19.56 1.26 0.67 3.69 0.99 0.46 0.63 8.12 100.00
3
AH7|2&80 e 16.19 11.22 36.32 23.10 2.71 0.00 0.07 0.21 0.84 9.36 0.00 100.01
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| 4ZR T 0.42 0.08 0.08 2.82 0.04 0.00 0.02 1.77 0.03 0.04 1.90 7.20
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J|& NZE ZEUHE AHE 17~25 | 3~8 | 0.5~6 60~67§‘ 5.00|5t - - 3.50|§J = =
8 3.44 2t4 ti2{d A|HE AMEY|E sigho w2 A=/ue/2H cHE SHE (= 3)
» AEEC =T U A FetEel oF 2AM ZIb, E 3.24-2500AM LIEHE HERE ZHOo| =
St == = — S
7|1ZEo] Ul Z GEE st= CSol tHsMe AIHE X =Atel 7|E HH| =gt
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[MT] £ tia{d AME H= AdM7|s

D B2 AHE vz 24
i 3.24 Prediction of chemical composition ratio by case
(Cte| . EHHMEE, %)
:r"-E- SiOz A|2Os F6203 CaO MgO Nazo Kzo SOa Ti02 7|E|' L.O.I %|=|'7=“
Ec=T
(AHE 2292/|19.76| 4.48 | 2.78 |61.64| 2.68 | 0.08 | 0.97 | 6.43 | 0.19 | 0.60 | 0.00 {100.00
25% ti#|)
xgt 2
(AHE 2292]120.48| 4.65 | 2.78 |62.44| 2.82 | 0.08 | 1.00 | 4.60 | 0.16 | 0.57 | 0.00 {100.00
20% o)
=2k 3
(AHE 2Z29]|21.28| 4.84 | 2.78 |63.19] 2.96 | 0.09 | 1.03 | 2.71 | 0.13 | 0.54 | 0.00 [100.00
15% CHA)
i# 3.25 Prediction of clinker compounds by case
(CHe| : ZHMES %)
= CsS C.S CsA C4AF LSF SM IM
OPC 52.00 24.00 9.00 9.00 0.92~0.92| 2.3~2.8 | 1.6~2.0
Iol— ‘]
(/\IEHIE #=Zel| 48.38 20.15 7.15 8.47 0.99 2.72 1.61
25% ChA)
x=gh 2
(AHE =9 50.23 20.82 7.61 8.47 0.97 2.76 1.67
20% thA)
=2t 3
AHE 2229 51.27 22.34 8.12 8.46 0.94 2.79 1.74
15% CHA)

= 0| 9 & Z8H=EH : 48.38%, =82 : 50.23%)0ME 7|E ZH52%)2t FAISHA 2A4E.

E3, £7|ZE Hoks BV|ZE ol 37 Jlofstn iS4t Won izl

rfo

My WE

C.Sel de M =gH=gH : 20.15%, =82 : 20.82%, =3 : 22.34%) ZF 7|Z0f

= SIEHE0| QU0 HFESEEI)F w2 wedsko| ol =2 C3ARF C4AFT =g 30| 7|=CfiH|
» MEESIE(LSF)2F AE(IM)O JAIME =83 (LSF : 0.94, IM : 1.74)0] Ml =g 7t24d|
71 ol 7t 2T GUeR o FEYen, 2 fME(SM)2 =81 (SM @ 2.7)0] Tt

& sl odEE.

= Boguedlol olgt stetEel TAu| of S An, MHXMOR M T BT J|E J|IFFT KA
o siEtEo| PAE|IF A =l9lon] S5 TE 30|M E7IUEt BIIYE walol| 24zt

Y2 0| = CsSe CoS7t 71 FALSHI ol F & BA=0] 7|E22 S 15 ZEUE

o
H
oo
ook
_O'L
Rl
=)
0z
=
B
Olok
)
O
=
0x
s
o
_!1
ﬁ
X
[

%
=
N
]
f=)
o
nl
oM
ook
30
il
30

_63_



[MT] &4 28 AHE M= d¥7|s

@ s1HE S APHE Hx

60

%

7

C.S C,S CA C,AF LSF

1% 3.45 Composition ratio estimation of chemical composition of clinker
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rr

E HM=olM £4o] 25E35t0{ M3&o| 7
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rir

ujge| &stsio|d 1t Rigaku diffractioniit
o XM FMEM(XRD, X-RayDiffract o

meter) 8| & 288 MzEH ZYHE o BAlo
Mot 271 £ g E2|4(Polishing) &S AAIE.

= 07 3.49= FI|A AddHZI=2 &SI Mzet 27 HHE detsodez #
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2 3.49 Sectional analysis of clinker
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108,632

86,971

92,242

2,817,333
A

3,941,022

1.276
0.225
FIA
0.060

: kg/1kgAl
AME T2 CHA|

243,579

100,057

78,977

99,046

2,816,000
t

2013
3,930,112
(

2012
3,917,559
248,358
111,921
90,136
89,403
2,802,000
OPC
1.399
0.088
0.031
0.039
0.033

91,799
88,277

2,834,000

253,514
113,918

2011
3,975,395

1) X|2:t3F (GWP, Global Warming Potential)
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I 3.37 Reference substance and influence index of GWP

X|F2:t=t [GWP]

o 2 (4271X]) CE ks 7| Z et
Carbon dioxide(C0,) 1
Me thane( CH,) 25
Nitrous oxide(Ns0) 298
CFC-11 4,750 Ka-COm /K
CFC-13 14,400 07 Paeal KGO
Halon-1301 7,140
HCFC-22 1,810
2) X2l zt (ADP, Abiotic Depletion Potential)
» QT BUIe} A dh 2l MEaF SEM SO F QISH AfRle| AH|Zo| EYXoZ FI}
Eof ezt M MPEokolAe] Aelnze X|FA AtEoM of 2 AzZisH BHEZ iSFE2
o0 o|= X|LIZEl X sier 2 Adlof wE MefA e 4Tty et A Cciefst sE
| flelez =D US. & AFdMe Xt b A8EX|== Guinee(1995)7} H|
Alsh gHH 2o 450d Crude oil, Natural gas, Uranium(U) S & 897IX|e| Atalat=
S 1HSI¥ 20 F 3.382 Ao JEEE Y JEXFE LIE
3.38 Reference substance and influence index of ADP
At Zk [ADP]
ol 82 2 (897}]) o x| 5 7| Z=ehe|
Crude oil 0.0201
Hard coal 0.0134
Soft coal 0.00671
Natural gas 0.0187
kg/kg
Lead ore 0.000677
Led(Pb) 0.01352
Uranium(U) 0.002868

= MAMEHE F2 0|AEHEHSO,),

o+ L{OF(NHS3),

M3l (AP, Acidification Potential)

Eok0| AMOZ BlEE HASHE YUS.
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O 2rEdf2 e APES 2t

et ot P/t Hof ZEML 2 L0/EH o]~ =

=

tHAIZ|o Of 7,

o o | =< o o —
MEf A dAES 7E. B AFoMe MME X s XAM EM L Of7|EHHo
w2l AolskX|o Z & X[HoM M JhsEt HElZ MA[E CML 20022 HEX|+=E X
235t 20{, Sulfur dioxide(S0O,), Hydrogen sulfide(H,S), Hydrogen fluoride(HF) & &
3671X|2| HAE=A S J|Z=E2RQl O|MSIE(SO)e 2 EF6t0 LIEMY . E 3.392 AHM
sle| 7|==2 3 HAEX|F=E LIEMY
H# 3.39 Reference substance and influence index of AP
AHd st [AP]
A sHEA(3671XK() A K| 7|
Sulfur dioxide(S0,) 1
Ammonia(NHs) 1.88
Hydrogen chloride(HCI) 0.88
Hydrogen fluor ide(HF) 1.6
Kg=S0zeq/k
Hydrogen sulf ide(H:S) 1.88 oVl K0
Nitric acid(HNOs) 0.51
Nitrogen oxides(NOx) 0.7

4) 2AHetkst (EP, Eutrophication Potential)

» BEAHokS= Flet H|EL 22 Re § AR nASZ2=E Qs =ZMEfAH o] Hek
=20| E7t5td =/IF 259 SA5E Moz MFTE {FUAF|IH, 7|2 222 2
MAPOS)Y. 2 oAFoM el FAUSHEP) HEX|= AMEHAP)2F OFRIZIX|2 CML
2002 Y&KX|50o| ZHsIH  Phosphate(POs)2 7IFE2AZ st Ammonia(NHs),
Nitrogen oxides(NOx) & & 397x|9| Adat=A 2 ZHE & E 3.40= FJUsle| 7|
FZ=3 4 HAESX|FE LIER

i 3.40 Reference substance and influence index of EP
Hojokst [EP]
Aer= 2 (3971X]) A X[ 7| =k
Phosphate(P0,>) 1
Ammon i a(NH3) 0.35
CcOoD 0.022
Nitrate(NO*) 0.1
kg-P04% eo/k
Nitric acid(HNOs) 0.1 G4 elld
Nitrogen oxides(NOy) 0.13
Nitrogen(Ny) 0.42
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2Z=ZF1ld| (ODP, Ozone Layer Depletion Potential)

RES miie= XMZREH 15~30km =0[2 MZHo Us 2LEFe 2&0| mlH
of O 257} RolXl= A, Fo fele g EFE 3EA(CFCs)0l0{ Ol= Ate
Mol ZItz olst R 52 FYAIA. 2 AFoAMe 2EF Ty QEX|$£== World

Metrological Organization(WMO)OllA HMA|SH H&X|4+E ZHE 5o ERE2ZZE
22220 (CFC-11)8 7|& 222 3}0{ Halon-1301, CFC-114

2 1efel #3412 LES U VEEE d X TE LEH .

S E=2(2371R1) o Bx| 5 7| =
CFC-11 1
CFC-114 0.85
CFC-12 0.82
Halon-1301 12 kg-CFC-114,/kg
HCFC-22 0.034
Methyl Chloride 0.02
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hayman(1999)7F HA|E+ HEX|FE ZHZSI J|=2&Q  EthyleneE E&5H04

oln
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d
Ral
1o
02
0o
Mo
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o
r
N
Hu

ol
kK
w
N
N
rir
o
fo
Jo
ikl
>
o
Mo

NMVOC, Ethano

Z4stet MskE [POCP]
A= (1287}K]) AR 7| &k
NMVOC 1
Benzene 0.218
Carbon Monox ide(C0) 0.027 Co-Ethy | K
Methane(CH,) 0.006 GTE Y TENCealKG
Methano ! (CH;0H) 0.14
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N & OUTPUTDATA
| LODBESEY Load, | B3JFET |
RESOURCE 4 A9
140F
T
B LI
I (]
AR W —
EMISSIONS 3 | E%Flflﬂ

A (NHg)

POCF

water I ., 53
erissions IS P
[ Ntrgenmades Vo) | :

L
3

8 3.59 stAHiHE AHE

§ TUUNEBE

Cl=ECl =& (Load, . eqv,;)
gzgs g |

Sx3f

SRR ey ||
IPCCIHNERHH 2
wcEgwEs | | [ 40P
- Guines et al L2001} - 0, | GWP
CML2002 Bt CRC-11 [—» ODP
CML 2002 BR%F 50;  |[—= POCP
Wiarld Matrologics
Organization Py = AP
(WA 2 B
Derwemrt etal {1296} Btk
Jenken & hayman Etirylana s L

kaikg

kL0 kg

kgEFC-T1 kg

“JWIJ;-: “;.I

kgEtylenig iy

BHYEHHE 7 HE FHMZ
HEEE
GWP | ADP | AP EP POCP M3y HEH T

Ammon i a(NH3) - - L] L] - - 6.95E-07 6.83E-06
Carbon dioxide(CO0z) | - - - - 9.31E-01 3.40E-01 3.58E-03
Carbon monox ide(C0) - - - - O 3.49E+01 1.68E-04 2.01E-03
CFC-11 - - - - - 2.05E-09 4.02E-13 7.50E-13
CFC-114 - - - - - 2.10E-09 4.12E-13 7.68E-13
CFC-12 - - - - - 4.40E-10 8.64E-14 .61E-13
Methane(CH,) [l - - - ] 8.16E-04 8.09E-03 .72E-03
Ethanol - - - - L] 2.73E-06 4. 34E-07 .31E-08
Sulfur dioxide(S0,) - - | - - 1.27E-02 4 42E-04 .63E-04
Halon-1301 - - - - - 3.82E-06 8.68E-10 .42E-09

HCFC-22 ] - - - - 4.81E-10 9.45E-14 -
Hydrogen Chloride(HCI)| - - ] - - 1.49E-04 2.18E-07 67E-07
Hydrogen fluoride(HF) - - L] - - 1.01E-05 6.18E-09 51E-08
Hydrogen sulfide(H,S) - - d - - - 5.64E-08 19E-06
JlEEd, O g&=3d, - Hl(FF) L=

» 2 AFo|A EAMsHCharacterization) =

HE 2 HIFEXESD ABAEU2ZMN 0SS

St= degrto sigeEs A2z &7 %

g HEol AAAZI= AR

_85_

A2 olslist

tdgotoll =5 HiolelE &



A|HIEo] 312425t BHIIE 9/5F B} T2MHA 2 HO/E/Ho]A T

@ E‘/%'/HIE./QJ oo O =
» Ol FTE LCI HOo|EHo|A0A &= HESEHNES 24 2T Atalof| 245104
s eFol HZAITIT 0|2 BAYHFEE ATelol 2zte] daeNsol 82
of ojxl= Y&o| HElE v ™ HWESHH Tt & = UA =
. SMske YEENE0| Azo| sEUmEI olxe BAUVS NYsSe NHo=
St7|e] Alnp Zo| HekE2o| AR 5IE JeX|s2t 552 8oz EM3 #4dY
e ME B 4+ US
CI = EC[M = Y (Load; X equ; ;)
= 0{7|M Cle EM3t std Aol 37|, Loade " de22 o sALS5E, eqyE 2 ¥
she ol &3t 0 Gt el HEKS WS e
» FE 3442 2 oHAFoA AMAHSE AJHE XMZA| A== ZH 222 EAMS O o|E{H|o|A
B2 Uolg LiE
E 3.44 ANHIE H=X| Zt /28 EAM5 HO[E{H|0|A 0fA|
o BEgE wary =45 i
el b S (chycv)P/ ADP_ (kg (?F%PH (k ég / | (k P%Ps / (kg E?ﬁp
T 9 g g thylene
o I a2 ) =) M R )
JEEp
. A | kg | 2.53E-03 | 1.51E-05 | 3.32E-10 | 6.42E-05 | 1.21E-05 | 6.49E-06
(lime stone)
clay, at mine| B | kg | 2.91E-03 | 1.81E-05 | 3.62E-10 | 2.85E-05 | 5.20E-06 | 2.64E-06
TAF
. A | kg | 2.19E-02 | 1.44E-04 | 9.40E-11 | 8.37E-05 | 1.30E-05 | 2.08E-05
(silica sand)
iron ore, 46% B | kg | 2.02E-03 | 1.18E-05 | 2.37E-10 | 4.46E-05 | 8.67E-06 | 3.75E-06
ﬁfﬁz‘rjzl B | kg | 4.68E-03 | 2.64E-05 | 4.82E-10 | 1.31E-04 | 2.64E-05 | 1.07E-05
A : =27} LCI DB, B : &2 LCI DB(SH)
stddfeidd A|HES| stAHSr Wt
. 2 oolTol UM BAE AIME NZA| AIRE HEo AIBTS HH AHES FHzel A
S|M ALZol| UHA 2 AFM H== AHEZ= I8 3.60ZF 20| AM3|Mo| AL=2EO0|
OPC CHH| 9.0% HZ =0 A= Hoz EMEdon Rlgo A Modd=Ec HEZR,
AR AMSPAE A A 2714 AMETIE2 100% Ao Al2E Ho=z 2AMEH
LI 2 B B | H7I82 201449S 7|&22 5IF0|2 2F 3 E Jlzke| AAMH7|Z0| of
2 oZlEl 0 on] o|z{Et o 2 oM E BHE 2517 Y=



@ BN NHES S B

iy

= Olol 2 AFolM= ofjEtEolAM Ll stdges Sd TSt MEo 75 MAHEL

2.00
1.80
1.60
;a 1.40
_Ea 1.20
g_o 1.00
:":r 0.80
W 0.60
= 0.40
0.20
0.00
O8 3.60 24 HiHE AHES MM AEH
FE 3.45 2t4 di2y ANHES sAGsHHTH T35 MUY
T sAdet o =
GWP 1.12E-02 kgCO2ea/kg
ADP 9.27E-10 kg/kg
ODP 2.27TE-12 kgCFC-11ea/kg
AP 1.57E-05 kgSO2eq/kg
EP 2.42E-06 kgP043-eq/kg
POCP 4.08E-06 kgEthyleneea/kg
FAETP 6.37E-05 DCBea/kg
HTP 1.92E-03 DCBea/kg
MAETP 3.39E-01 DCBea/kg
TETP 1.63E-06 DCBea/kg

LEPEE S LISt (A AMEZ[=0] M=o M= Motol whE s Pe glol A

Qe A7 W Zol2t AtRE.



@ sHHE S A= S

= X|F2ctste] 29 A AHME MZA| X|F2ttete] FelXtel CO7t chd &=

SollA stzestol MAxMo=z Xzt=E ateldt
| e I e e e 3
~ 0P
# 8.53% 1061%
% 23 15.66% 16,39%
" 27.73% 29.32%
i
50
0
b |
Bo
®0 75
il
o
(=]
100 I I T T T | I T T
GWPp ADP QDP AP EP POCP FAETP HTF ~ MAETP TETP
[T uta (kg RgCFC-11, RS0k, koPOLY ., (kgEthylens., [DCBy [DCB [DCB
flea) 5= kgl kgl Mea) Tkl kgl kgl kgl kg

8 3.61 Environmental impact assessment by environmental impact category
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Y. eco-MA(Multi-Agent-System)

(1) 7
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