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== Munnicipal Waste 4~ General Industrial Waste
Calcination (Tons/day) —O0— Construction Waste —&—Total Waste
? Stationary 450,000
g [I]m Combustion m”] 404,812
: |
\ Electricity § § Electricity Q § Electricity § \ Electricity § ':f 350,000
‘ ‘ ‘ 2 300,000
v v v v g
‘ Quarrying ‘ Pre-Blending ‘ Clinker Making ‘ Shipping ‘ g 250,000
gz S 198,260
E Limestone Quarry Material Mill Preheater Tower Cement Storage ‘S 200,000
E e
g 1% Crusher Additive Silos Rotary Kiln Cement Silo é 150,000 A & 4 4 - -
S < 3 P 155,305
224 Crusher Coal Storage Clinker Cooler Cement Storage 100,000 ;
51,247
__________________ 50,000 =< ¥ —_— —X
Calcination of Li V
0
CaCOj, + Heat(900 C~) = CaO + COy(1) 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015
AT‘ Period of occurrence (Yean
32.9% || & s Electricity 32! 2. Current Status of waste generation
'5 £ Calcination
£
IS & Transportation - - -
g, AGEFAE, AEEAE, FEAGGA 5 A
. o 1 Stationary Combustion _ N = .
S0T% Aol ek A=, o] & ZAYE 274 AlF So= AL
7 gay] 52 33 ARGOR A wEsol 47,
12! 1. CO, emission flow from cement manufacturing process UHEQ]Z] %Qi %Eﬂ' ﬂﬂlﬂ EH7]' =13 1?_;1_;\ Q% Zj’gi‘ﬂ 7]
B2 51719 [# 113 Zo] EFEo] A=z qlon, #F
2, HMH7 |2 S8 L w0 BN A Eg} HopaZo] 7HY Hol HiEEaL Slas AT
Sich 3HE, Ajg-gol 7H5Aol Sl That 714 7147
R0 A #7185 WA 9 AP AFe Aur A4 S UWRE EQA #9718 2 - FA Foll LSl
#H7) 29| ke A H7] 5 wraek 71-ow A 7| 3 ALY A EQA #H7IE U DA RO A dEHL 2
g ute] 7] Bol] vs] RL23 271 A0 YUtk AMErE F EW-EEER, 3-8 FePgoR whlE o] w7
o o A3] M H7|E8 7hed 7P Be vES Axsta gl B AR 2 glo] iy A E e Aol olet
om 201590l 489 %= Hxﬂ 718 A8 ke 7bg AEECl sl Sle vt A AAHTIESS 8
Lo H &S AA|sta QJrh5]. E3 2 AhFEolt o A A thide AT 4 AT, AAHTIES 4%
TEO A71E Ao 40‘501]*1 0dos dEEIt Bl S AEEES HUSt 4 Qe WA LAY TAIA
19909 AE AFES A7 4 grdy Ao Z7b ® FE0 7o 5 9ls Aot
2 o= A% v, A7 B AT AR H
&2 UH SU 2 Aoz dlSHY A A58 AAT
Aol FEl A, 24, siAgAe o2 dxgold siE 3, F7|H| HAH|SS 0|8 AR st MEE X
= o] 47189 A v 4 2ot A 29l JMAHIE F|ot
A YA Rl QLY BL A5l 2| Hokd
oM AAEE 1A AET S A A 7}%5 H7122 Fst 3.1 HEHY|E SetYRE 2M
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[# 1] Classification and occurrence of construction waste (Unit : Ton/Day)

Waste Classification 2010 | 2011 | 2012 | 2013 | 2014 | 2015

Concrete 114,302 121,181 117,754 111,653 114,908 124,451

Construction Asphalt Concrete 32,535 35,245 35,738 35,398 33,725 35,509

m‘;vtaesrtiils Etc” 2,132 2,339 2,957 3,280 2,393 3,230

Sub total 148,969 158,765 156,448 150,331 151,026 163,190

Wood 636 592 683 704 866 923

Combustibility Syntheticresin 839 1,096 1,261 1,695 1,586 1,654

wastes Etc? 98 20 21 19 67 n

Sub total 1,573 1,708 1,964 2,418 2,519 2,588

N Construction Sludge 645 1,403 644 1,052 707 995

combuc;?ibility Etc” 9 4 7 6 170 41
wastes

Sub total 654 1,407 651 1,058 877 1,036

Construction soil debris 5,347 4838 5,094 5,067 5,863 7,659

Mixed construction wastes” 21,577 19,699 22,471 24,664 25,097 23,787

Total 178,120 186,417 186,629 183,538 185,382 198,260

1) Construction waste materials etc : Waste Brick, Waste Block, Waste Roofing Tile

2) Combustibility wastes etc : Waste Fiber, Waste Wallpaper

3) Non—combustibility wastes etc : Waste Metal, Waste Glass, Waste Tile, Waste Ceramics
4) Mixed construction wastes : Mixed Construction Waste, Waste Board, Waste Panel

AREE Mods HEAURE nRd 29E R84 @Hoz Hrieta 71Ee] AIES] et AR AXATE
o SYEYRA B3t AYSH e oA AHte  Zlo] RRT Fasih
74 o] W A4 ARolth ZEWE AWM= hEA< EaoNE B, £2), WE, ALC, ARRE, FAIE 1]
sl ok [& 2]} Zo] A4S (Ca0) OlBHFA B 5 Ca0 % SI0,E T 2R 7717 1As) 29 3
(SI0), AEHLTUE(ALO,), ABHAOIH (Fe,0,) £O2 T SPAJRo0| AES] SR fARE Ao] Zetstoln) 72
JElof o] ol HQYLH6]. o] Bt Ee] Bl o3 24 EARLS Fo) AAHARE FHCE AEY, HMaRE
FAME 74 FEo vlgo] Witk 1 ulgol Wt AW 5 630 1A M7 2] et S ERES [E 3]
E0] A= Way] wio] 240) YR St HRS A o] SAUTE SAE F)A A7 B0 SRS A
HEH 54 1R =] Z9 Si0,9) Fo] A AMEdA 7h
[#2] The average chemical composition of Portland Cement & B2 HIES AAISHAL Sl Ca0S HEgRotar 3ot 4
MRS SHEZ (31212 (Unit : weight percentage, %) 14 (1) 2] T AR 2A 714 83174 o] 8F Aoz of
portiand | G0 | sio; | Ao, | e BV S E R R e LR E R S
Type | 638 22 >0 30 £ SO0 v oAl Algze dEed, Hee U AdEsE
Type | 63.6 23 3.9 39 o] dlgEiglon, HHF/I LAY EN HEAYE v|RT
Type 649 208 3 28 2 SI02 ofe} CaOd B = A4 vl &S AR5k 3l&
TpeV | 30 29 30 28 S I 4 glnk ShAIE, AIE Azof glof A5zt
DpeV | 69 24 - - =49 AAEE TSI BegEol o ZgElofgie
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[E 3] Investigation of the chemical composition of inorganic construction waste though the existing literature discussion

(Unit : weight percentage, %)

Construction Waste ‘ Sio, ‘ AlL,O, ‘ Fe,0, ‘ Ca0 ‘ MgO ‘ Na,O ‘ K,0 TiO, ‘ LO.I¥ Total
1 Waste Tile 61.40 17.43 1.73 8.80 1.13 0.68 1.27 - 0.36 6.61 99.41
2 Waste Glass 71.00 1.47 0.07 8.91 4.04 13.10 0.83 0.24 - - 99.66
3 Waste Brick 64.34 24.10 481 0.57 1.13 0.78 2.89 - 1.09 - 99.71
4 Waste ALC 48.30 3.69 1.88 28.10 1.59 0.26 0.62 1.66 - 13.30 99.40

Waste Gypsum board 1.60 0.69 0.22 54.32 0.1 0.46 0.23 41,47 0.49 - 99.58
6 Waste Concrete powder 45,50 11.90 1.90 29.80 1.90 - 3.00 1.40 - 230 97.70

*L.O.I : Loss on ignition

[E 4] Bogue formula

Cont.ent Prediction formula

ratio

Ao, GS = [4.071 X CaO(%)] — [7.600 X SiO,(%)] — [6.718 X Al,0,(%)] — [1.430 X Fe,0,(%)] — [2.852 X SO4(%)]
/Fe,0, C,S = [2.867 X SiO,(%)] — [0.7544 X C.S5(%)]

20,64 CA = [2.650 X ALOL%)] — [1.692 X Fe,0,(%)]

Mo, S = [4071 X CaO(%)] — [7.600 X SiO,(%)] — [4.479 X ALO,(%)] — [2.859 X Fe,0,(%)] — [2.852 X SO,(%)]
/Fe,0, G,S = [2.867 X Si0,(%)] — [0.7544 X C,5(%)]

.64 C,AF= [2.100 X ALOy(%)] —[1.702 X Fe,0,(%)]

[ 5] Factors for the cement manufacturing control

‘ LSF ‘ M ‘ m

1.00Ca0O Si0, Al, Oy

Fomula 2.85i0,+ 1.18 41,04+ 0.65Fe, O Al,0,+ Fe,0, Fe,0,

Range 0.92~0.96 23~28 1.6~2.0
+ Aol gxoln, olo] 100 % &4 AAHH7IERE ARE  BHOE oju 7] £U 4 Ue7HE 7IEL R A4
A| 2o A7} = Ao 2 EAXETH H-&& 75, 80, 85 %ol g0l 25I3UT) o] &4 Bogue
Alg Boto] AAl 24 F AitEE 2579 %%i"éﬂl

3.2 270/ ZAMm7 |29 sIsMEE A 4 X§ (CsS, C,S, C,A, CAF)E cll&0tlom, o<k S Aldl

P Az H2E AT BEAR AAHEGSM 1 2.3~ 28),

E oML AJHES] 7z et WA s A7t gl o T—w;g HAE(IM: 1.6~2.0) Y A== (L SF : 0.92~0.96) =3+
#3129 C,59 C,52 WA=t 7P o514 285 aEste] A4 HLQ] Al QoM 3T 4= =S Skt
EARA Ca0% S0, & A2 B7A A7 [E [71.
61eF Zo] 2FsIUTE ol 22 22 R AAHVIES HAgAe H M1 HE = QhA Agghatel o] A3]A (3
o83 AR AW AAAME Aolghs Ao By AT HANE W 55 $79] Ca0F ZF3kL Yk
of 2gtsto] gekitsiitgol oJs) uhAYE] = ojAtstekAo] F AR SO, AJEO] 71A A S 7)1 2o vlsf ok o5
S Z0]1A}F CaCO,;S theF gH-e-8tar Y= 415419 ok o wloj3lo] B2 (Bogue)Aloll 3t FERY HES ST Al
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[ 6] The combination of inorganic construction waste (Unit : weight percentage, %)

Construction Waste Combination | Combination || Combination Il
1 Waste Tile 4.1 44 48
2 Waste Cement block 0.7 0.5 0.3
3 Waste Ceiling material 175 124 72
4 Limestone 75.0 80.0 85
5 Electric furnace slag 27 27 27
Total 100.0 100.0 100.0

tAst=E B2 Fol i %ol 7P 2T Fe2 o= Hglon o]F AQsta F
2

e%}a]x %ﬁ}‘”‘\:}. =3, ﬂﬂ/\ HE B HEZAYE nRY =F(EF1 : 4838 %, 22 1 50.23 %) BF 71E (52

oA MR Nt o] 2] Ca0S T YAT,  %)o] 22 U]HA) Rk 2/AE Bk A7) 4E B
B} %2 Si0,2 Zsta glo] o] 24 wigtel glolA: ol 27 7)o}t %%%7} Jon] wrgdaro] Yo (,89) A4S
A AH8EIA RIS, 7 URol o] 2A AR A0 A XYY 1 2015% XYL : 20825, 23 ¢ 2234
2 o 4es HEldy Y EHES JUHOR Ca00l T %) BE 7|Fo E“éﬁ}xl 2atoiet T3, 31gRol glo] ¥t
3 Si07F e setlo] Hetat Aoz wukslo] 2FlYl  SSEslwET W] uje 2 CAE Ml ZFH(ERF :
o} 3t 38 4714 FE(C,S, C,S, CA, CAR) TR Ea1 o

Aol AiRatzel 7|2 Lej1g A= 2Al7t e sComtisicnl  SCbmnll Gttt |

=3
QAAT AME A 2P o] 9o HLHE A

@

ESt=

il i s0513
(LSP), FAHE(SM), B8 E nefald 14750 49 = ° |\ 7
ol A olgslol ol wasl e gezan 1O
2A Fe 08 U BRdtn e WizgAnd zngn |
#fsllof g}, olol wAjet 4@@ CEPITEE S %
A sAg0l s oz nel 4 zgE ag e |} 1 oy
2 7 gl 7 ot e compenne bt
12! 3. Graph of clinker mineral component prediction result
33 OIEAIS S5t BEXN HEEY
[E 7] The raw materials used in the cement production
ARIE GAlolN E4ote 15 (R E) EEAANES] F (Uit g/ Thg cement proction)
B2 S 71E0 R YA B7A A7 ES 25 L Raw material | OPC | Combination Il
o, 283t S8 &S E-835to] AA| &4 o]F MAEE= F Limestone 1.399 1.276
Y7io] BREAE 21 (Bogue) Aol IS o= 2 B A Clay 0088
SkiTh Siliciceous 0.031 (Inorganic Cog.s,ztfiction Wastes)
ofel <1 & A olZ T AnE Uil Ao 27] ronore | 0039
ol Qo] 2 @ she C5ol TN 29 35127 Gpwm | 0033 0060
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[E 8] Characterization of cement raw materials

Characterization value by environmental impact category

GWP ADP oDP AP EP POCP
(kgCO,.,/Unit) (kg/Unit) (kgCFC—11.,/Unit) |  (kgSO,.,/Unit) (kgPO,*,/Unit) | (kgEthylene,./Unit)
lime stone | A | kg 2.53E-03 1.51E-05 3.32E-10 6.42E-05 1.21E-05 6.49E-06
clay, at mine | B | kg 2.91E-03 1.81E-05 3.62E-10 2.85E-05 5.20E-06 2.64E-06
silicasand | A | kg 2.19E-02 1.44E-04 9.40E-11 8.37E-05 1.30E-05 2.08E-05
iron ore, 46% | B | kg 2.02E-03 1.18E-05 2.37E-10 4.46E-05 8.67E-06 3.75E-06
gypsum,
mineral, | B | kg 468E-03 2.64E-05 482E-10 1.31E-04 2.64E-05 1.07E-05
at mine
A LCI DB of Korea, B : LCI DB of Europe
715%, 22 : 7.61%, 23 : 812 %) BF 7|2 #= 5t °] =y 9] LCI DB (Life Cycle Inventory Database) & 474
SR Zoiginh shARE CAFE HITIZ 7|25 52 4] sto] Z47to] A48 A& EAISIIH:
2 o=} M3 25k (LSF) 9 AE(IM)ol YlolME = A A3, Zato| A ARket S RsE A4 AlES] A
3 (LSF : 0.94, IM @ 1.74)0] Al 23 7h2dll 71 el 7k 314 ARERE2 715 OPC tiH] 9.0 % A= o] AHEHE A o=
& 2T AR o SEHY o, W2 A (SM) 2 291 EAEleH M3]A o] o] Rl AL 7er HAFER]
(SM : 2.7)0] 7Hg Z3sHA ollS =Qich BA A A4 HEA, 44, e oAl 2714 47182 100 %
O 23 30] 27|173=et F7A= Tlo] TS vAE UiAE o] AR Aoz EME. =3 SR AE
C;Set C,S7t 718 Eol ol & . #AE| o] 7]E o= 5k 1% AAY ARIE = <™ 4>9F 2ol 7] OPC tiH] 6Tl &8 3%
AHIEC] 71 o] 3AQ] 2oz A gglom, d thgo  WHFHE ZF SRSt A A o2 A E = grol #4] =
2E 2309} 23 1402 BA £5] ADPSF GWPOIlA 712t 29.32 %, 27.73 % & 7HE 2
Al A=A, e HF Y W 7T ADPollA 71
3.4 AR MY ds "ot A HE o2 AMES A8Sl A3, A, 4t
A, 2SS tialste] B71A 7AAH| 7] o] UX thA|=]of
B0 AE= LCA (Life Cycle Assessment) 7|%S &85} AE 4tol] 2 AHFTFE Fhol APHE ACE ALREH

7|1A ZAH71 &8 o83t YA E S| SRS A4
37t shltt. ofw F7F el AREL] A2F A

o AFEYUS

o2

2 g8t w9, [E

o2 ¥ 0

%= Cradle to gate HH

oPC

25

11.30% 10.49%
13.48% 15.66%

27.73%
29.32%

50

75

Reduction rate by environmental impact category (%)

100

GWP
(keCOykg)

ADP
(ke/kg)

obpP AP
(kgCFC-11kg)  (kgSOxyke)

EP rocp
(kgPO o kg)  (kgEthylene,/kg)

12! 4, Environmental impact assessment by
environmental impact category
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of tiek 2714Ql At YRS o2 AR oS A|A
StaL #H|71 W Ca09] HIES =Y 4 AUTHH #Hx7gA et =
MR e YAAEE 7|arst=t] 9lo] 2A] HLE 2= 9]

A A7 &

4, W3Y il SR Az
of 9o} AMES] MBS tialsh=t] 1 7HsALS 891 &
Ene 574 2497188 ol &3 AR ARG A 5 ATk AT, 7 BY1A A7 B SAEE Aot
ARIE Adeiae] dsto @ A 7HsA I ojo] whE g A7) 123 Azl uheh o2 7) wiRo) gk 3k
B3l A7k Zto]l oS ANt RaAlg Soto] AlA & HEo| YA Foho] BELEEC| U REUS S E 4
d T s E 2YA0) JERYEE oS BAS A3k Al Uk AR AAAHE A= 3ol A ol BLBES W
FES] YT A4 0] H &L 85% ol A AHEstAl A3 FAO) AEYAS Wl & Bt obyzt A 2ol )
FETHA o] 2 AIRIE AAOIM 71EoR M= FERAY F oME ojEge] Ulo] B Aoltt olE $I3) 1w 7ol
o =gslz] Fal= Aog EAFIT &, widel Qlo] BE  HIEEE AHAGMRE 7 Y Lo o|27)717] ST
3= C,S9 C,559) #e 7] AsiME Ca0g tha 25t A2 AIS & AT 5 e iR AT L QAE BA =
I Qe BA AMH 7 BolL HARYR] HIM 9 HlgS =Y 5 At AAHoR AN 78] A Halu
Eojof & Zlog Rtk BEaoME A3lAo tiAME 5 Zo| F o|Ro|d £ S st AmAjAlo] o]Rojxof &
At AN TR S dgstglott UM Y et 2 Zolth 7AH 71 8o] # EREo] 570 golshA Hrhd
o] Mgzt Hlw P& W] FE55FE Ca0S TR g 2F U & rHsste] AT AME iH) AAY FEAF M
ol= B33ka SO0 v ZAFof9lo] B1(Bogue)Alol ¥ Ao 7IthElH, o] 83t /1% o] g HrkH A
C,SE olZste TAIN AuAfsts &gk S85] x| PARE A ohel AMAE Aol M o) thst A 2
231k ol F5 APAME A 2o 9lof SO, T 2A A AMAF AL 3T oz AR HT
L]
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