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Kiattikun ThongDaeng 2011: Utilization and Life Cycle Assessment of Cement Produced from
Industrial Wastes. Master of Engineering (Environmental Engineering), Major Field:
Environmental Engineering, Department of Environmental Engineering. Thesis Advisor:

Assistant Professor Monthon Thanuttamavong, Ph.D. 124 pages.

This research aims to propose an alternative approach on industrial waste management using
combinations of certain types of industrial waste to reuse as construction materials. By selection of potential
wastes in accordance with the “NICE Criteria” for a process of clinkerization, new cementing materials can
be produced. It is found that a combination of wastes namely water supply sludge, waste limestone powder,
ark shell and lime with a proportion of 25 : 50 : 5 : 20 is an appropriate proportion which produces cementing

materials having self hardening properties and environmental friendly.

Based on the XRD analysis on a gray cementing material (GCM), compounds of C,S and C,S are
found similar to those exist in an Ordinary Portland Cement. Experimental results show that strengths of
GCM mortar markedly increase with initial curing time. In addition, the porous concretes can be produced
using GCM with lignite fly ash with 10 - 30% by dry weight. The porous concrete mortars can obtaine
sufficient void ratio and permeability and increased strength with curing time. It was believed that hydration
of the major compounds such as Calcium Silicate (C,S and C,S) and the pozzolanic reaction due to a presence
of lignite fly ash produced Calcium Silicate Hydrate (CSH) which contributes to strength development of

concrete mortars.

Evaluation on a Life Cycle Analysis on GCM clinkerization in laboratory concerning global
warming due to emission of carbondioxide as a potential impact is performed using SimaPro 7.1 with
Superseded (IPCC 2001 GWP 100a Version 1.04) and Gate to Gate as evaluation methods. It is found that a
highest impact on global warming of 0.538 kg CO, eq. is significantly attributed to a process of clinkerization
for 1 kilogram. Subsequently, energy use, induced lime and transportation also contribute to global warming
with impacts of 0.397, 0.255 tag 0.0386 kg CO, eq. respectively. In addition, a total environmental impact
due to global warming of 1.120 kg CO, eq. obtained in this study conforms to result obtained by a similar

research.
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Tsakiridis et al. (2008) ldneaaealdnzniuman (Steel slag) NASUNTLAZAME (2550) A
Yy 9 a o o <] . ) a o = ] 1A
naaedldiaiaes BN wazaznsuman (Jarosite slag) MMIHAATTABUUATINYIIN
wa A . . = J =
AuauliAreNsZa1Y (hardening properties) ttazliodnlszneumunlinasasuaisilszney

1Y = = [ = 4 q'/
vanifsuiRsanuudmudana
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aentlsznaumaniive sy udiuue

ponlaanan luudmuddesauauailsznoulidae ca0 Uszinm 60 - 67%, Sio,
Uszanail7 - 25% , ALO, Uszanal 3 - 8% , Fe,0, 1521181 0.5 - 6% dmsuoon lad 15u Mgo,
= 1 o a ~ 9 ~ Ao w
Na,0, K,0 HidadmvesesnsynenluilSinaiitios 1319 2 uaasansdlsznouiddnes
Yugmudlosauaud

@ = J
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Foas1lsznou paf1lszneumatnil Fogo Uua (%)
Tricalcium silicate 3Ca0.Si0, C,S (alite) 25-56
Dicalcium silicate 2Ca0.8i0, C,S (belite) 15-50

Tricalcium aluminate 3Ca0.Al,0, C,A (aluminiite) 5-12
Tetracalcium aluminoferrite 4Ca0.AlL,0,.Fe,0, C,AF (ferlite) 8—13
AUANIR AINTFIU N7y NN
ANNAZIDIAVDIIAY 3,000 — 4,500 %"/ T -
fdedagninaiueim 80-310 ./’ fiong 3 Ju
audeuvealjisen laasdu 270 - 430 pa/n3u flong 28 Su

Mn: sy wazde (2552)
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dmSulSunavesasilsznou €S, C,8, C,A 18z C,AF aunsomuin laglditues

Bogue (1955) ATN@UM AN

C,S = 4.071Ca0 - 7.600Si0, — 6.718AL0, -1.430Fe,0, — 2.852S0, (1)
C,S = 2.867Si0, - 0.7544C,S 2
C,A = 2.650AL0, - 1.692Fe,0, 3)
C,AF = 3.042Fe,0, 4

1149 Tricalcium silicate (C,S) ttag Dicalcium silicate (C,S) ﬁ1ﬂ§ﬁ§81ﬁuﬁ1 (hydration)
WINAMIHAASUN Calcium silicate hydrate (CSH) tta¢ Calcium hydroxide ¥4 CSH Tnane

[ o w a 4
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Iq Y 1 Y A v A a = dy =
liszgnaldneassouu Aannsaaannuasiinanndoswedsa wenantaouniangu

9 a 4 ald! 1 = o = @
’c’ﬂlﬂﬁﬂﬁﬂﬂﬁﬁg‘ﬂﬂuﬂlﬂillﬁﬂ@TﬂGlElllﬂG]NG]N%WﬂﬂEJuﬂﬁﬁ‘ﬂ’Julﬂ ﬂ’é)llﬂ‘iﬂ“l/\liquﬂ’)hlﬂgﬂ

Y 4
v A

YA =< :I d! 1 = q'.; d‘d A KR :’
ponuuuldtanumusalunmsduihgedeananaouniand i ndiguauianvii - Ml
d‘ = = =S 1 =S d'
iloaninnouniangu liliniasivazidealudiumay  (No-fine aggregates) tazdiInsad
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Avrea newly expanded Area investigated Area newly expanded
i in the pasl b this reacarch

{1rmm) {2.5mm) {Smm) (20mm) (1003 DO0mim}
Crushed line stone, Crushed slone, Crushed stone,
] Molten fine slag Recycled agaregate Concrete rubble

Water retentive and
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Water penetration
pavement

Base for Greenery
{Maosses) (Cirasses) (Trees)

Moise reduction
material

- - _
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%
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~ 4 4 1 o 9 dy ~ <3 Y ;f dy A
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=) g’ ° A A o a Ay J J [ 1A
anuduihn Tunsdiilioiuns1aNANAZINT UV 2 HaZDT 4 MIHANAUNUILAIY
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N NS o = ' - { <
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v 9
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HAZNIATINHOIY (FULW) V@ 1% 157 drsaaiiiiey 0.5% Fuuameaniiainslva 190 uu.
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AMNA 4 LAAININAADUNIAIBATIAIU THTIVOINIAIDINADUNTANTY d1HTUA
9031891 1N3959% (Total void ratio) HazA19MT 182U INTIA0II0I (Continuous void ratio)

1 Y
ATOUTAIAITUATN 5 LA 6 A1

A, (%) - 1- [W} x 100 5)

A, (%) - A,- {W} x 100 6)



Tavi A, = 8031891 INg959 (Total void ratio, %)
A, = SaauIngane1iloq (Continuous void ratio, %)
vl = YFUIATTINVDIAIBINABUNTANTU (F1.)
w1 = shminveumsiodaiisaluni (NSW)
w2 = dwinvesuragieduiisalue e (N51)
w3 = dminveauagiet s ugd e (N51)

MW 4 NM1311803 187U THIIVDIUNIADUNTANT Y

)

3 : atiana uazaAay (2551)

v 9
MNA 5 ﬂﬁﬂﬂﬁ’f)‘]JﬁWﬂ”lﬂ'ﬂﬂJé]?ﬁJﬁW

)

31 : aiAnd LazAML (2551)
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g v 9
Fu1sz@NTMIFUMINN (Coefficient of Permeability) anunsamiuia Iaeg ldaumseaadl

k(cm/s) = (EJ { Q } (7)
h) | At —t)
. , v
Tagh k = adudszansmsduriui (Coefficient of Permeability, ¥3.)
Q = Ysinasihdt lwarmugaed (%3.”)
H = A0gauaauiinlog aounsangu (su.)
h = ﬂ’JW&Jq\‘l(head)Gumli’W(%iJ.)
A = dufivihdn )
t, = nmﬁluﬁuiumimam(Twn.)
t, = wnmgamelumsneass (Gun.)

malulagazeln

Hoytuiimstwuifamaluladage1n (Clean  Technology) w1 1dlumswarn
d‘ = [ a (] 1 d‘ d‘ 9 9 [ 9 1
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WidedmnimanmsveanaluTadazerau ¥ lumsudilymmswuiuvesnin
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a = sa d a A Y = A
Waﬁﬂucﬁmu@mﬂuum%mmﬂaau (Eco-Cement) T@ﬂuﬂmﬁmummﬁﬂﬂumﬁwﬂ 3

M3197 3 AUAVIAYOI Eco-Cement 1158018 UAY Ordinary Portland Cement

2

. 4 ANy Wun ez N .
A UHIUA - 4 /£ NI ULTIDA (N/ mm’)
i W) nea7 D
(Eco-cement) ; ’ - AUDIYNTUU (IU)
AR N (FN-UMN)
(g/cm3) (cmz/g) 153 ﬁuqm 1 3 7 28
Portland Cement Type 3.19 4,500 2-0 4-30 9.0 22.0 37.0 53.0
Rapid hardening Type 3.13 4,600 0-9 0-13  23.0 30.0 38.0 46.0

Ordinary Portland Cement 3.17 3,220 2-22 3-20  11.0 27.0 43.0 59.0

N1 Shimoda et al. (1999)
UszansmBstinmas¥gne

nsuAmIUguNany  (2552) lasaiigiuanuimstlostuuaiy  Tassiusiauuuina
a a Aa a a $ I { ] o a
UsgAnTmwBatinmesugny  (Eco-Efficiency) Fuilunuimaiiszgrelimsduivauaiu

A o < Aa a a [ 3
T;:ﬁﬂi]1J'i3ﬁ']Jﬂ’J"I?Jﬁ%iﬁ]iﬂl%\iﬂﬂﬁlﬁiyﬁﬂ% 7 152ms @Nﬁ
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4. w@suaddnenmmai iagnavuun 14w

5. duasuMs I9MIneInIyuio

6. 1iiuoIVRINAA ST

A o a 1T a o J a a a
7. !WNigﬂUﬂTiGlﬁjU‘iﬂTillﬂNﬁ@]ﬂm"mlﬁ&ﬁﬁ\lﬁ%}wﬁﬁﬂ%’UiﬂTﬁ
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d0d19wesA1 BCM wuhilSinaives CSH fivgmstin 28 uag 90 u dauaaslunini 46
{ A 4 | o w & [ o v w
uazn N 47 MuAilu 239 cps 1Az 287 cps MUY FedoandosnunamsnadouMaTy

v 4 { A 4 1 o o
Llj\?'ﬁ]@611'E]\TiJ’t‘]iig]j'lﬁLWNeﬁu@'liJ@'IQﬂ'ﬁU‘lJ a1nsuy

Y
a LY LY a [ 4
YT1aasUseneunanueansAsdu (Anhydrous) 1AL AIHANS NN (Hydrate) 310

Ugnsenlamsduves OPC naz BCM d31dan15191 9

3191 9 USnaensilszneunannounazralgnie laemssuves OPC ag BCM

A0 C,S (cps) CSH (cps)
YuFudilosauaud (OPC anhydrous) 1,010 -
BCM (anhydrous) 640 -
Fudinas OPC ﬁmqmﬁju 35U 522 1,124
Fiuufinad BCM fiergmsiu 3 u 434 366
13&1 BCM fiognstiy 28 Su 314 239

YoTA1 BCM Mi01gmsdiy 90 Tu 274 287
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C,S = Tricalcium silicate
1400 — C,S = Dicalcium silicate
1200 — Css C;A = Tricalcium aluminate
1000 —

800
600

Intensity (cps)

400

200

10 20 30 40 50 60 70 80

Diffraction Angle, 2 Theta (degree)

a dy v Al I
MANN 42 gﬂgmumﬁmmmuimmﬂ«n (XRD) 994 OPC (anhydrous)

C,S = Tricalcium silicate

1800 7 C.S. C.S C,S = Dicalcium silicate
1600 S
C,AF = Tetracalcium Alumonoferrite
-~ 1400
& 1200 Css, G
2
g 1000
g 800 — GsS, G,S, CAF
600
400 csGS C,S, C,8
200
0 \ \
10 20 30 40 50 60 70 80

Diffraction Angle, 2 Theta (degree)

a = v a3 I
M 43 JuDUMIRENVUTIFBAY (XRD) Y89 BCM (anhydrous)
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CSH = Calcium Silicate hydrate
1200 CSH
CAH = Calcium Aluminate Hydrate

1000 — CH = Calcium Hydroxide
200 Et = Ettringite

CH CH

600 - i

400 - CH

Intensity (cps)

CH

200 3

10 20 30 40 50 60 70 80

Diffraction Angle, 2 Theta (degree)

a d” v ag I = 4 4 A ] @
NN 44 gﬂuuunmammmamaﬂm (XRD) YOIHUUANTAN OPC ND1YNITUN 3 U

1400 — C;S = Tricalcium Silicate
= T C,S = Dicalcium Silicate
1200
CSH CSH = Calcium Silicate Hydrate
1000
5
N 800
2z
g i
E 600
400
c,S
C,S
200
0
10 20 30 40 50 60 70 80

Diffraction Angle, 2 Theta (degree)

a g v ad o - % ¢ a . o
NNN 45 gﬂuuumﬁtammuiﬁmaﬂ% (XRD) a3ty UINETSH BCM NVIYNITUY 3 U
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z
8 600
5
400
200
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Qt

Qt

Et

CSH

CH

C,S = Tricalc

52

um Silicate

C,S = Dicalcium Silicate

CH = Calcium Hydroxide

CSH = Calcium Silicate Hydrate

Qt = Quartz

Et = Ettringite

GS  CS

10 20

30

40

50 60

Diffraction Angle, 2 Theta (degree)

70 80

a dy v A 7 Y A ' Y
NN 46 gﬂuuumimmmmamaﬂm (XRD) ¥84383%1 BCM N018n15UN 28 U

C,S = Tricalcum Silicate

Qt
1400 7 C,S = Dicalciym Silicate
1200 CH = Calcium|Hydroxide
1000 CSH = Calciun Silicate Hydrate
E Qt = Quartz
2 800
%\ Et = Ettringite
&
2 600
= c8
400 | Qt CH G,S
CSH
cs
200 ¢
0 \ 1
10 20 30 40 50 60 70 80

Diffraction Angle, 2 Theta (degree)

nd' csy v ad 4 J Y ~ ] o
HNN 47 gﬂgmumimmmmmmﬂm (XRD) U93193711 BCM 7191gN131UH 90 31U



53

U ﬁ' = o
paanliAvasmseNszaummen
A o A = 3’ 1 a d? Aa Ay ' 3
esnndaqueulszanumivaseu (BCM) tiavu luilsunantesnniuiamm
] Y Y
@1 (Gray Clinker) lusasidrumasiosas 9 uaz 54 MIIMIEIARAUAIAY 100 nTu Agtiulu
av 2 4 <= o o wvAa
auavetivadumsldse Teainniyudad@inigr (Gray Clinker) TagiimsAnuiguauiia

A vesudingsaynanlavavidealusivude lal

4 < o 4 3 . . o {
Wevatfuiiafimadieniosunazidean1u51g9 (High speed ball mill) 92 14 Taqd

S o < 2 = Y = J . . @ A
uaﬂyngﬂumazLaﬂﬂmmﬂmﬂgu%muﬂ (Gray Cementing Material; GCM) 41NN 48 910

=).

Y
MINAdoUAMANTANIINENTMNDI IAWANSUNE (Specific Gravity) 1A 3.20 HNw

[

I Y v
A3 W1 (Specific Surface Area) 911523 3,500 - 6,600 AT.F1./NTH FIGINNAUARITUNY

= 4 &2 A 1w [
EU’EN‘]JUHGBLZJHW OPC uA1NINY 3,100 AF.5U./NTY

d‘ = J o 4 s o
HNNN 48 WQﬂ“uCBLNUWﬁ\‘]lﬂi’]gﬁﬂ']ﬂﬂ']ﬂ'ﬂqﬂﬁ'lﬁﬂﬁii]ﬁwnﬂ'] (GCM)

a ~ ¢ % a @
NINN 49 muumwa@mmﬂ,umuuﬂ GCM
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v 3 o § 4
pamInaaounuantian1sudena 1@ (Self Hardening Properties) 11199AUYDIHNUA

4 = 2% < Y = v A o 4 [V A
Naaa1n GCM wmmqumummﬁwuqm"lﬂwummﬂumuumwm BCM a3401UN 49

a 4 4 =t as ~ 4
1NN AATIZHERUTZnoUNMUNATI 1A83E Xray Fluorescence (XRF) 091U

= 4 A J . . 9y = J
OPC ag1judiuud GCM wun foon legndn (Major Oxides) a1 unadenoon lua (Cao)
Fam (Si0,) 9giiu (ALO,) taziessnoon laa (Fe,0,) ialndioaiuTasNjudud opc
oonlaanamiiny 65.63 %, 20.26 %, 6.05 % uag 3.11% M9 daufuFiuud GCM 1

AN 64.31 %, 18.42 %, 9.25 % 1AL 2.63% MNA1AL Adandlua1s19n 10

a J = = J an
M1319N 10 Llﬁ’ﬂﬁﬂﬂﬂ‘ﬂigﬂ’f)“]J‘VHx‘]LﬂiJGIJENTJJHGD’HJuﬂ OPC LLaZGCMTﬂfJ?J‘ﬁ X-ray Fluorescence

4
29A15LNOUNIUAY (%)

Fiiavoa uFmua
CaO S0, ALO, FeO, MgO SO, LOI
OPC 65.63 20.26 6.05 3.11 1.07 2.67 1.49
GCM 64.31 18.42 9.25 2.63 1.23 0.09 1.06
HaNenne) LOI (Loss on Ignition) HaNede M3 gayideniviiniiioaninnism
M319N 11 M151)52neunan C,8, C,S, C,A ag CAF Tumsiweuilszauilszinnaie
N, . aslszneundnvesudHuua (%)
anyl
C,S C,S CA C,AF
OPC 60.43 12.83 10.78 9.45
GCM 55.57 11.19 20.07 8.00

GCM:OPC (80:20) 56.54 11.51 18.21 8.29
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MIfuIuIlSaaslssneuranyed lasunaiBeusame (Tricalcium  Silicate;
CS), lauaaBoudang (Dicalcium  Silicate; C,S), lasuAaIGoNegliua (Tricalcium
Aluminate; C,A) 1ay aizuaaidonegil Tumlos 157 (Tetracalcium Aluminoferrite; C,AF) 1%
5o Tat Bouge and Lerch (1934) AMINATEIN ASTM C150 wujudimus opc &
YTV C,S, C,8, C,A tag C,AF 1N 60.43 %, 12.83 %, 10.78 % Lz 9.45% ANE191
YuFmud GCM H5ummves €8, C,8, C,A uag C,AF 110U 55.57 %, 11.19 %, 20.07 % tag
8.00 % A Ay A UG GoM delfudimug opc fisasidau 80 : 20 1935 M
nndadiuvesmstsznoudnuestu GCM aa OPC fidnsdan 80: 20 1Ay 56.54 %,
1151 %, 18.21 % LA 8.29 % AWAINY 21nM3197 11 NSt C,8, C,8 wag C,AF ve4
Yudud oPC HlSuannnninuBiuud GCM iU 4.86 %, 1.64 % 1ag 1.45 % AWAIRD

' ~ 4 S a ' = J 1w
uatuEud GCM H3ua C,A 1A uduud OPC oM 9.29 %

WewSeufeuasdseneuvian (Major Compounds) lasguduainmamsnageu lag
an . . A 1 = 4 =\ @
7% X-Ray Diffraction (XRD) Tunwi 50 wunudiuua GCM Jasisenouvidn (Bouge’s

1A o A = J
Compounds) IuiagINIANY U1 uduud OPC

C,S = Tricalcium silicate
C,S = Dicalcium silicate

C,A = Tricalcium aluminate
C;S+C,S

C,AF = Tetracalcium Aluminoferrite
C,S C;S C,AF
gz oA CS C,S GCM

Intensity (cps)

10 20 30 40 50 60 70 80

Diffraction Angle, 2 Theta (degree)

MW 50 WaMIAATIEH XRD V991 uFuugd OPC uazafudud GCM (Anhydrous)
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d‘ a Jd a @ = 4 = 4
MINNN 12 wam‘mmiw*ﬂﬂimmiamwuﬂmmﬂummum BCM Lgagﬂ,ummu@ GCM

o Cu Cd Cr Pb Ni Zn
NIDYN
(mg/kg)  (mgkg)  (mgkg) (mgkg)  (mgkg)  (mgkg)
1Ju BCM 14.78 0.68 21.39 3.16 9.93 29.80
u GCM 28.53 ND 27.71 430 16.90 153.26
USEPA 1,500.00 39.00 3,000.00  420.00 18.00 2,800.00

HNeHe) ND (Not Detected) MRG0 A9 1N

MIM3IAATEHYTIn Taneniin (Heavy metal) W03ensi¥ondszaiu BCM uag
guﬁmuﬁ GCM f28inaila Atomic Absorption  Spectrophotometer aaaaslun1snen 12
v =) 4 =) 4 a A v A (A v Y 1
WUIJUaNuA BCM  tagiudiuua GeM N5 Tansmintidsunalanenindesni
AUNIATTIUARNUA TAY USEPA (United State Environmental Protection Agency) 108 BCM
HUSuameuas (Cu) uaallen (Cd) Tasilew (Cr) azna (Pb) Hina (Ni) uazdansd (Zn)
Tangmiiniiniu 14.78, 0.68, 21.39, 3.16, 9.93 118 29.80 mg/kg AWAWD HaguFuud GCM

H5ua Tavignilnimny 28.53, ND, 27.71, 4.30, 16.90 11ag 153.26 mg/kg AMNA1AL

MW 51 HAAIMEITVUTIBANDIANHAADIN GCM (ANVAZIDIA 3,500 AT,
1 0 Y
ABN3N) 1019 3, 7, 14, 28 1182 90 TU WANINAADITUTUNHIAITMIRAUURVTUAINDIGNT
] o o o [ { 4 { a [
Uy AMFITVUTIBAUNAGVINDTANNAAIIN GCM 1M1 60.62, 84.38, 98.50 UAL169.17 ksc
o W d' = = [ d' 1 a aan u'/ Yy 1

awday enlssuieunuasiyoutszau BCM wud GeM inalfnsenlaassuldani
= o aaan [ :} 1 A Y ag 1 a 4 1 a
Faunaa1nn1391lPnset Ui lurIuTuaAuNEINI Han13AAIILH XRD W13

A % 1 < Y A @ A Y & Y 2 [ a
CSH fasnuludaieds GCM UDIAINDIEY 3 IUNAUNIND 236 cps ¥ lndReenulsum

[

[ 1 d Y ~ o & o 1 Y 1w = [ Yo
CSH 1u@10819 BCM #9501 no1g 28 'Jumﬂ@ﬁ’)’ﬂ')ﬂﬂ’]‘lﬂlﬂ'lﬂﬂ 239 cps wawalinasy
Y
Qnd

15I8ANBTANNEAIN GCM ganIduarNduIUaasaeIgueInstyluszozon

a 4 ' A I J < @
NAN1S AT IZHLEAII a5 FoNse a1y BCM LLazﬂuwﬁmuﬂ GCM L‘]Juaﬁ@

[ Jd a 1A [~/ a A [y 1 o
Fuasizviialuun ludlunydodaindon (Non-hazardous Material) Heneninnaziiila

' Y

o < @ [ Y 4 § a wvAa 1
Uszgnaldiuiagneasrugudernuyudwud orc  Wennsanvnguauiaaieg lu

a

M3 TagaiuayuuuIAalumMIIaNIVesHDUNAUNAIY (Combined waste utilization)
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91gMIUN (3U)

Y o v w @ J { 1 o
ﬂTWﬁ 51 ﬂWQQ'ﬁ‘]JLLiQ’éJW’UfNiJfJ‘igl}W GCM ﬁfﬂEJﬂTﬂJM 3,7,28 1o 90 1U

250.00

200.00 . /D/
150.00 ?/0/0/
100.00 //

50.00

(ksc)

v o

n11550R19900

0.00
0 5 10 15 20 25 30
21gMILN (1)

7 MIX-1 # MIX-4 T MIX-8 <O~ MIX-10

! o v w @ 4 !
ﬂTWﬁ 52 ﬂ1a\1§'ﬂll5\1@ﬂﬂ]@ﬂu@3gﬁzﬂﬂi\iﬂigﬂﬂﬂﬂlﬂﬂ OPC ﬁWﬁNLﬁHﬁ@ﬂ

A o v w Y JY = 4
2NN 52 !lﬁﬂ\iﬂ']a\jﬁlllLﬁ\?@ﬂmﬂquﬂiﬂqzﬂcﬂﬁqﬂﬁguaﬂﬂl@\?‘]ﬁ]’uﬁﬁluu@ (MIX-1)

nSsuivuiuudnudiidiassan ludunuiludadiu 10% (MIX-4), 30 % (MIX-8) uay

v
o Y] 1 4 [ 1 ] o w
50% (MIX-10) Tagrimiin Waﬂﬁ“VIﬂﬁf]‘U°IN‘U’J11J@i99]}11/].ﬂﬂ'ﬂﬂ")uﬂﬁilﬁﬂWiW@MlﬂﬂWﬁﬁﬁWNﬂw

Yy Y v
4 % a

Y
MUY waglimfaesunsdagandt MIX-1 Tuyansal fefioas Msnuiuvestiaiana

a 9 v A
@ﬂu‘ﬂiiﬂmm%ﬁ’ﬂﬂﬂﬂl!ﬁﬂ\ﬂuﬂ"mﬂ 53
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JY
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u U Q

J9Y

1 ' Jd o o v 1 ' @ @
AN wamﬁmﬁauwmmaﬁmg1Jgﬂ1J1ﬁﬂwwmmmﬂau%ﬁmmiuma 14 JULLTH AN
v

@ o oA 3 <} o 1 1 o v o @ 1
1 Masiaunuduanies dadiunduveudiacy 10 % Idmimaesunsdagega uaziia

JY v o v A

1 J ll <] ) a
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iaesNIUAwaaslunng 55 WenSeumeuniiaes uusoanesMNdadIUNTNIATINY
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500.00
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ag /
LT3
g 30000 N
~E ‘ Mixg ®
= A
2 200.00 | (B8 -
©?
z MIX 10
.2 100.00
(]
—
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0.00
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o W o o
ﬂ1aﬂ‘l]’ﬂdllﬂi(gfﬁﬂidﬂizllﬂﬂ (ksc)
* 75y W 149 A 289U

@ 4 v o <Y

3 o o o d v
M 56 ANUTUNWUTNIAY Ulliﬂi’)ﬂlli’)iﬁ"lqijﬂgﬂiﬂﬂﬂﬂllzﬂ‘ﬂiﬂﬂig‘]J’EJﬂ

msanmanudulfIdlumsdszgnalfudmuddunnsy cem  iludagaeaiis

dJ a { gl A a
msiszgnaliudmud gem lumswanneunsangunihiinsneaunaden

=2 o w 1 9 ) ~ 4 I A Aa o [l
ﬂﬁﬁﬂyﬂumﬂmam”lﬂmamuTﬂvummuﬁ GCM uaswsenlszarunanaingl
= 4 3 = = @ A 9 ~ 4
ﬂauﬂmwaugﬂgﬂmﬁﬂmmﬂ 5x5x5cm Lﬂiﬂumﬂmmmhﬂ,ummum OPC lagponiiu
nonsrdm Insunnu 30% uazlduiasiumeny (Fuu) yuaiuaziunsa 3/8” oas1dIu
< Y [ 1 g} 1 4 L] ]
INAAADNIATINNLINNY 0.235 da1aIuIaeasoulsyay (w/c) ag"lumq 0.30 —
A [} [} [ [ 4 [ [l
0.60 AL THANLINY (Type F) agiuﬂnq 1-3% ﬁf,gaﬂymuazaﬂmuwﬁuﬂauﬂ%wquﬁqﬂ

aaanalunsian 13
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MI1N 13 AT IAIUNANA ) UDIADUNTANTUNOATIAIU INTI 30 %

F [
aa

oo, maveuilizau (%) N TIRTIZRRRIREY
yanyal w/cratio  @INAMNY Type F (%) s
OPC GCM (cm’/g)
MIX-1 100 0 0.30 1.0 3,100
MIX-2 0 100 0.60 3.0 6,600
MIX-3 20 80 0.60 3.0 5,860

(7 MIX-1 (OPC) () MIX-2 (GCM) (A1) MIX-3 (GCM80:0PC20)

M 57 G1081ABUNIANTUADUNINATOY

M519h 14 guantaniedunenIniez IAINTINYBIADUNT AN

A1A95 VT I09

4
=

oL, ?andu 931899 mdulseand
yanyl o4 L (ksc)
N33 (%) INsaeIied (%) AN (cm/s) — N N
79 28%W 907U
MIX-1 18.80 18.48 0.81 145.80 153.40 214.10
MIX-2 17.20 13.12 0.68 40.64  52.60 72.71

MIX-3 13.20 12.80 0.55 5443  73.60 N.A.
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MR 57 uEAiI08 19U ANTUARAAAIBIUFIUUA OPC 1agGCM 1INMSFInA
o 1 =) 9 1 1 = an 9J a o =
A79819ABUNIANTUAIEA AT WDIABUNTANY OPC (MIX-1) NEnuay Waiuiuazl
A ' v A J Ia t4 1 o 1 =
MIFONUTTAUILHINWIATWHNUNUFIUANAANaNYTL  dIUAIBEINABUNTANY
& = A a 9 = 4 @ v
GCM (MIX-2) tag MIX-3 $3ijunounianguinunui GCM adeudiuua OPC ludasiaiu

AaA 1

9 v
20 % Iagiiniin aziianyazaals MIX-1 uaaziaoouni aaaadlunini 57 () - (A)

ﬂmﬁuﬁﬁmqﬁ'wumﬂnmuaﬁmﬂsimmmuﬂ'%‘quuﬁm%mﬂﬂvu«?muﬁ GCM

=\ = Y] =\ -d' a = 4 % d'
nSeuMeuiuAoUNTANTUNNAAINUTIWUA OPC HAAIAINITINN 14 WADINMINATOD
NUNABATIFEIN INTITINVDS MIX-1, MIX-2 (ag MIX-3 AWMU 18.80 %, 17.20 % LA
13.20% au&91 aIUonT1a U INTanoiodued MIX-1 MIX-2 uag MIX-3 UAuNNY 18.48,
13.12 1A 12.80 % aua191 NINA 58 LazMNN 59 uaaams/Seuneusns 1aIu Insanu N

MIX-1 HA1gINI1 MIX-2 lag MIX-3 218181l

4 1 QI a Q( g’ 1 1
ensanmdulszaninnuduivesnsunIangunyI MIX-1 (0.81 cm/s) U

F4n71 MIX-2 (0.68 cm/s) ttaz MIX-3 (0.55 cm/s) a9y aduaaslunini 60 Fedoandos
Auramsnaaeuda @I Ingy nanfeiesnsaiu Insesauazens a1 Insiaoliloaga
= o Y1 o a Qd = g’ d? 9 [B-Y 1 (Y a Q‘/ =<
winah Ivadulszansanudsuigaivuale  measaiu Insaumzmduilszansnnudy

Y
[

hgsnaneglunaainannsorh lihlszgndldauls
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32 /
& 150.00 —
e
°§ 100.00 —
3y
o
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21gM3UN ()

~— MIX-1 8 MIX-2 & MIX-3
MNN 61 MABFVUTIDAVDI MIX-IMIX2 1ag MIX-3 N01gn13 a1

o v w @ = A a 9 = 4
NIHANINATOUMAITDUIITAVRIRUNTANTUNNAA Tasld1 udiuud OPC uag
GCM AuaaalunImi 61 WuNLMIAAUINAWINFAIUAWIYNTUN Tag MIX-1 N

Y 1 A ] @ 1 1 [ A A IS J
1IN MIX-2 N21gmMsuy 7 Mlszanm 3.6 1M fz)fJNulianﬂJ LM@L!VIUVI‘]JJHGBL‘JJHGI GCM

£
[ v A

)

P = s = o o q Yo A& v '
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SIS IUIUATIDENIMINATBUAINALA XRD 1131NA 8 120814
ML IBANNMIINATOUAIN) agiaail
nl MAIFTUNIDARIVLIINOUNIANH

MINHUINA N1 AT UUITIBAAIDINADUNTANT U

A asideulszany (%) Faos (FA) a5 997 (ksc)

dnyal

OPC GCM (%) 79u  28%u 904w
MIX-1 100 0 0 14580 15340  214.10
MIX-2 0 100 0 4064 5260 7271
MIX-3 20 80 0 54.43 73.60 N.A.
MIX-4 90 0 10 20170 236.10  236.80
MIX-5 80 0 20 196.90 20220  253.60
MIX-6 0 90 10 4100 6030  86.60
MIX-7 0 80 20 39.80 66.10  98.70
MIX-8 70 0 30 15630 159.00  204.80
MIX-9 60 0 40 15140  175.60  186.60

MIX-10 50 0 50 128.40 153.10 166.80
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o VU W LYY d
N2 fniNiU!!ﬁﬁﬂﬂﬂ?ﬂd]ﬂuﬂﬂ;ﬁﬂﬂuﬂ%ﬂ

MINWUINT N2 AIFITVUIIBANDTAIMTINTZUDN MIX-1, MIX-4, MIX-8 Liag MIX-10

A1A95 U599 (ksc)

v v 4

Yanyal 5 - 5
79U 143U 28 U
MIX-1 87.47 111.80 131.87
MIX-4 200.57 217.70 228.43
MIX-8 128.41 176.69 203.68
MIX-10 105.39 128.41 177.03

MIINUINN N3 ﬁ1ﬁﬁ§ﬂl£iﬂ5@ﬂ6{é]}1gﬂgﬂ‘]ﬂﬁﬁ MIX-1, MIX-4, MIX-8 11ag MIX-10

v o

AAITVI5999 (ksc)

Tyanual 5 3 -
77U 14 T 28 1
MIX-1 309.88 361.67 410.87
MIX-4 381.45 385.73 393.07
MIX-8 218.35 283.18 288.69

MIX-10 172.48 216.11 227.52
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Intensity (cps)

200

150

100

50
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_ C;S = Tricalcium silicate
C,S = Dicalcium silicate
CSH = Calcium Silicate Hydrate
N 170}
5
CSH }
&
OPC90:FA10 7 3
10 20 30 40 50 60 70 80

Diffraction Angle, 2 Theta (degree)

MWEINT 1 351 XRD vo1judiuud OPCI0:FA10 N01gnstin 7 Tu (MIX-4)

Intensity (cps)

200

150

100

50

C,S = Tricalcium silicate
C,S = Dicalcium silicate

CSH = Calcium Silicate Hydrate

CS8+C,S

CSH

OPC70:FA30 7 11

10

20 30 40 50 60 70 80
Diffraction Angle, 2 Theta (degree)

MNELR 12 N5 XRD vo1judiiud OPC70:FA30 H91gmItin 7 Tu (MIX-8)



Intensity (cps)

Intensity (cps)
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C,S = Tricalcium silicate

300 —
C,S = Dicalcium silicate
250 CSH = Calcium Silicate Hydrate

200 —

150

100

50

OPC90:FA10 14 71

10 20 30 40 50 60 70 80
Diffraction Angle, 2 Theta (degree)

MWEINA ¥3 N1 XRD v9uiud OPC50:FAS0 fe1gm3tiy 7 Tu (MIX-10)

C,S = Tricalcium silicate

300

C,S = Dicalcium silicate

250 CSH = Calcium Silicate Hydrate

200

150

100

30 OPC90:FA10 14 T

10 20 30 40 50 60 70 80
Diffraction Angle, 2 Theta (degree)

MWELIT ¥4 N5 XRD vojuduud OPCI0:FA10 No1gmsiiy 14 Tu (MIX-4)
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100
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C;8S = Tricalcium silicate

C,S = Dicalcium silicate

_ CSH = Calcium Silicate Hydrate
- “

O]

+

170}
i CSH &
] OPC70:FA30 14 T4
10 20 30 40 50 60 70 80

Diffraction Angle, 2 Theta (degree)

MURINA ¥5 n51 XRD Y091 uduua OPC70:FA30 No1gm3stin 14 Ju (MIX-8)

200

150

100

Intensity (cps)

50

C,S = Tricalcium silicate
C,S = Dicalcium silicate

CSH = Calcium Silicate Hydrate

C,8+C,S

CSH

OPC50:FAS0 14

10 20 30 40 50 60 70 80
Diffraction Angle, 2 Theta (degree)

MWHLIA 6 51 XRD vojuduud OPC50:FA50 Ho1gnTtiy 14 Ju (MIX-10)
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200
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50
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C;S = Tricalcium silicate
C,S = Dicalcium silicate

CSH = Calcium Silicate Hydrate

C,8+C,8

OPC90:FA10 28 Tu

10 20 30 40 50 60 70 80
Diffraction Angle, 2 Theta (degree)

MWELIT 47 N5 XRD vojudud OPCI0:FA10 No1gnsiiy 28 U (MIX-4)

Intensity (cps)

200

150

50

C;S = Tricalcium silicate
C,S = Dicalcium silicate

CSH = Calcium Silicate Hydrate

CSH

WMMW OPC70:FA30 28 3

10 20 30 40 50 60 70 80
Diffraction Angle, 2 Theta (degree)

C,S+C,8

MURINA ¥8 51 XRD Y091 uFuud OPC70:FA30 N01gM3Lin 28 Tu (MIX-8)
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C,S = Tricalcium silicate

200
C,S = Dicalcium silicate
CSH = Calcium Silicate Hydrate
150
g
2 100 ¢
=i 7]
o J
8
CSH
50
OPC50:FA50 28 T
0 T
10 20 30 40 50 60 70 80

Diffraction Angle, 2 Theta (degree)

MURINA ¥9 151l XRD v091judiund OPC50:FAS0 fo1gnsiiy 28 Ju (MIX-10)
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U Gate to Gate 1udaunﬁzuaun1ﬁwaﬂ (Manufacturing process) (ﬁ\‘lmWWU’Jﬂﬁ fl)

Jandy 300 nFu
mrnoud szl 75 nfuy
Hukabugu 150 niy

2 ar
ulEmnvinawnia 15 niy

17 60 N

LLEN

NI (Energy)

w1l 16,65 kwm
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(Lab. scale)

L 4

4

Handwa (Gonn

o4 ar
uidiaizonfy

Emission to Air
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M31¥9u)1sunsu SimaPro 7.1 NUUADUAIL

1. Double click 11/54n54 SimaPro 7.1 (A4NWHUINT A2)

SimakFro 7.1

MNEUINT A2 me"l@ﬂamlaﬂﬂmﬂiu SimaPro 7.1
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Y
%

1 (24 v
2. m%a Project 753 Name.... L!,i,%”maﬂ Open (ﬁ’qmwwmﬂﬁ f3)

ocuments and Settings\ill Users\DocumentsiSimaPro\Database\Professional
File Edit Calculaste Tools Window Help
e

EEIEEIEEEE

EEY TS

M LCA Explorer
= Substances Substance 7 [pefault unit CAS number
kg

Raws materials cids

Airborne emissions | Actinium, in graund ka 007440-34-8 =
iption -~ Wiaterborne emissiol

- Final waste Flows

- Emissions to soil

Requiremer
Tnventory - Mon material emissio
Py - Sodial issues i ETH-ESU 96 Unit processes Libary project
B Economic issues N Franklin LISA 96 Library project
alumivid| [DEMAT 2001 Library project
i Industry data 2.0 Library project
Alumin Introduction to SimaPro 7 Project
PR L. i recvce et r el
animal §|LoA Food DK Library project
ulat Antimor Methods Library project
Inkerpretation trable | Tutorial vith wood example (s ~
I Arable
D k Li Argon,
General data Arsenic|
fi Artificicy
fshes Close
Atrazin
uier SRR I
Baddeleyite, in ground kg 001314-23-4
Barite, 15% in crude ore, ingr kg 013462-86-7

(K3

D SCCOUNE process

MWHUINA a3 wieen 1991 T51n5y SimaPro 7.1

. J . . A 09/’ d‘ F A
3. Double click W8 Name (Gray Cementing Materials) Ms1deree 13 (RenmmuIny nd)

S Fle Edt Calulste Tools Window Help -8 x

N6 PR 2 e

Documentation  Inputfautput | Parameters | System description |

AL B
5=

LA HE

[ Products 1
Known outputs ko techy T
Amount Uit Quantity Allocation % Waste TP —(a
&0 o Mass [1o0%  [not defined e
\F@“uwm line: here)
KNown DUtpULS £ EEChnoSPTETE:
Name Amount Unit Distribution  SD*2 or 2*SDMin Max
{Insert ine here)
[ Inpits
Known inputs from nature (resources)
Hame D72 or 2%SDMin
Amount Unit Distribution D2 or 2*SDMin
¢/ uickime, millsd, packed, at plant/CH U 20 5 Undefined
Blast Furnace gas, burned in power planbjRER U s it Undefined
Mgk Lt 0.006185  |tkm Undsfined
(Insert line here) =
Known inputs from technos et
Hame Defbution 502 or 2*5DMin Max
{Insert ine here)
[ Outputs
Emizsions ko air
Name Sub-compartment  Amount Unit Distribution 502 or 2*5DMin Max
| carbon diaxide 40 a Undefired |
{Insert line here)
< |

MNHUINTA a4 taasinionlugiudoya InpurOutput
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=1

4. nsondoyalu nputOutput AT Ud A mToyaNTzy luTs1n51 195U Amount, Unit,

Q

I
Quantity (Hudu
v

Aao Yo A
4.1 Output TuamATeeunsnszy laaail

- Name Gray Cementing Materials, Amount 180, Unit (g), Quantity (Mass)

E
Yo A

4.2 Input luaATeamnsnszyy laaail
Tuau (Materials/fuels)
- Name Lime, hydrate, paked, at plant/CH U, Amount 60, Unit (g)
- Name Electricity, hydropower, at reservoir power plant/CH U, Amount 16.65,
Unit (kWh)
- Name Truck 16t, Amount 0.006185, Unit (tkm)
4.3 N59N Emission to air (ﬁQﬂWWNu’Jﬂ‘ﬁ f5)

- Name Carbon dioxide, Amount 105 g, Unit (g)

S,Eile Edit Calculate  Tools  Window Help

G He | PBE|AIEE ST Limih e

Docurnertation  [NpUEfautput 1 Parameters } System descrintion ]

R AMGUNT ORI R ] 072 o 2*50Min % j
(Insert line here)

| Qutputs

Emissions to air
[UET Sub-compartment  Amount Linit Distribution
‘ Carbon dioxide 40 g Undefined
(Insert line here)
Emissions ta wal

MName = i
(Insert line here)

502 of Z*5DMin

502 of 2*5DMin

Emnissions to soil

Mame Sub-compartment  Amount Uit Distribution SD42 or Z¥SDMin Max
(Insert line here)

Final waste flows

Mame Sub-compartment  Amount LUnit Distribution SD42 or Z¥SDMin Max
(Insert line here)

Man material emissions

MNams Sub-compartment  Amount Lnit Distribution SD°2 or Z*¥S0DMin Max
(Insert line here)

Social issues

MNams Sub-compartment  Amount Lnit Distribution SD°2 or Z¥S0DMin Max
(Insert line here)

Economic issues

MNams Sub-compartment  Amount Lnit Distribution SD°2 or Z*¥S0DMin Max
(Insert line here)

Known outputs ko technosphere, Waste and emissions to treatment.

Name Armount Unit Distribution 5042 of 2*5DMin Max

(Insert line here) —

y | ol

MNRWINT A5 uaaainsonlugiudoya Emission to air



[ ) v v
5. AN analyze [oMUIUAIMIUTHITUNANTENUADTINIAZON (FININHUINT A6)

S Fle Edt Calkulsts Took window Help
@S L& RB|LIBE B

Documentation  InPUE/outpUt | Parameters | System descrintion |

\Documents and Settingsiall Users\DocumentsiSimaProMDatabase\Professio

L i Lk | %

&

nker recycle - [Edit material process

[ ) d Products ml
Known outputs to bechnosphere. Praducts and co-products /
Mame Amaunt Unit Quantity Allacation % Waste type I
50 la [Mass 100% |not defined
(Tnsert line here)
Known outputs ko technosphere, Avoided products
Mame Amount Unit Distribution SD~2 or 2¥SDMin Max
(Insert line here)
Inputs.
Known inputs From naturs {resources)
Mame Sub-compartment  Amount Unit Distribution 502 or 2%50Min Max
(Insett line here)
Known inputs from technosphere (materials/fuels)
Marme Amount Unit Distribution 502 or Z*¥SDMin Max
Quickime, miled, packed, at plantjcH U 20 a Undsfinsd o
Blast furnace gas, burned in power plant/RER U 8 kiwh Undefined
Truck 16t 0.008185 ki Undefined
(Insert line here)
Known inpuks from technosphere (electricity fheat)
Mame Amount Unit Distribution SD™2 or Z¥SDMin Max
(Insert line here)
[ Cukputs
Emissions to air
Marne Sub-compartment  Amount Unit Distribution 5042 or 2*SDiMin Max
|Carbon dioxide |4D a |Undefined ‘

{Tnsert line heret

]l

MNHUINN A6 1119010 IIMT analyze MIUTTUNANTENUAD TGO

6. Double click @on Method ﬁgf

General | Raramater sets | Analysis aroups | Chart options |

@3 H& | FRE|L T LKk S

ADocuments and SettingshIL Users\Documents\SimaP ro\Database\Professional; LCA Clinker recycle - [New calculation,
S Fle Edit Caculate Took Window Help

Name

Comment

Calculation function
1 Network
 Tree
& pnalyze
' Campare

rtainty analysis
1 Method
N~

—

™ Exclude Infrastructure processes
™ Inventory per sub-compartment
Monte Carlo stop eriterion

@ Fized number of runs 1000

Product Amount Unit Project Comment
[Gray Cementing Materials 1 kg JLCa Clinker recyce
Switches

@ Use stop Factor lo.005. Walue [Raw/funspecified)/Acids

I Seed value b

<

Help

(COREMANIA@CYBER JUNKIE. COM

MNEUINT A7 Wﬁ'l*ﬂﬂllﬁﬂ\ﬂﬂﬂ Double click 1890 Method

24M3U TN UHANTENUADAUNIAROY (FINWHUINT A7)
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7. Click 91 select 159 Method M3 191521 UNaNTENUABTUNIAADN (FINTWHUINT AY)

& Select a methodand a normalizationfweighting set:

Project

Methods
Methods
Methods
Methods
Methods

Methods
Methods

IPCC 2001 is a method developed by the International Panel on Climate Change.

Climate change Factors of IPCC with 2 timeframe of 100 years, Method from ecoinvent 1,01 database expanded with other

chararterisation factors for emissions available in the SimaPro 6 database

= Method Hame /| version
European ML 1952 205
Horth American Eco-indicator 95 2.05
Others Ecopoints 57 (CH) 2.06
Single issus EDIPILMIP 97 204
Superseded EDIPJUMIP 97 (resuurtes only} 2,03
0 1.04
1PCC 2001 GWP 202 1.04
[PCC 2001 GWP 5005 1.04
Hormalization/Weighting set
33 ltems 1 item selected

:\Documents and Settings\A 1l UsersiDocumentsiSimaProiDatabase\Professional; LCA Clinker recycle - [Mew calculation ...

S Fie Edit Colulate Took Window Help

Tad | H& PRE P

| e Ul M A | DB

Genieral | parameter sets | Analysis arouss | Chart ostions |

a v A A9 a FAR o
MNAUINT A8 1111991000 Method NABINTUTLUNUNANTENUADAIIND DN

8. Click 7 calculate oA T szl UNANTENUADFUNIAADN (AINWHUINT AI)

B=Es

-8 x

MHame

Comment

Calculation Function
€ Network
© Tree
* fnalyze
 Compare
L] Uncertainty analysis
Method

Product

Amaunt

Uit Project

Comment

Gray Cementing Materials

1

Lca Cinker recycle

Switches
™ Exclude Infrastructure pracesses
™ Inventary per sub-compartment

Monte Carlo stop criterion
1000

@ Fixed number of runs

D Use stop Factar I0.005 |

Waluz [Raw{unspecified)fAdids

1

I seed value

4

.

Help

COREMAMIA@CYBER JUNKIE, COM

‘ Calculate I Close

MWHUINT A9 HT19DIADN calculate INDUTLTUNANTLNUADTUNIAADN
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a 1 Q' 9 1 [ d‘
9. LLﬁ@NWfﬂﬂ'13‘1JS$L3JL!Nﬁﬂi%‘l’l‘ﬂﬁﬂﬁﬁllﬁﬂﬁﬂﬂiugﬂﬂiWﬂ!mﬂ (MNINAHUINT A10)

S Eie Edit Caleulste Tools Window Help
&S| 2| kR e SN - A R W N
Network | § Impact assessment § nventory | Process contribution | Setup | checks (726) |

Characterization

skip categories

120

a
@
2

IPCC GWP 100a

I Gray Cementing Materials I Cyickime, milld, packed, at plankicH U
1 Blast Furace gas, burned in power plant/RER L1 M Truck. 16F

Analyzing 1 kg 'Gray Cementing Materials'; Method: IPCC 2001 GWP 100a V1,04  characterization

COREMANIA@CYEERIUNKIE, COM

MRWINT A10 N3 unaEaInanssziiuransznudwadouveelju GCM

(Emission to air)

10. taaanamslsziiunansznuaeduadsu luas (FInIMEuINA All)

& C:\Documents and Settings\All Users\Documents\SimaPro\DatabasetProfessional; LCA Clinker recycle - [Analyze Gray Ce..
S Ele Edit Calculste Tools Window Help

23| H& BB P M S ilh | BS

Netwark | [Tmpact assessinent | Inventory | Process contribution | Setup | Checks (728) |

Characterization
Skip categories Never - ‘ = ) P T A -

Impact categery /[ unit L4 Gray Cementing  |Quickime, miled,  [Blast furnace gas, [ Truck 16t
Materials packed, ot burned in power
IPCC QWP 1005 kgCOZ/ 97.2 0,667 0.331 96.2 0.0354

Analyzing 1 kg ‘Gray Cementing Materials'; Method: IPCC 2001 GWP 100a ¥1.04 f characterization

COREMANIA@CYBER JUNKIE.COM

MWHLINT ALl uaaInsHaMslszlunansznuawIAfoNUeIuGCM

(Emission to air)
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11Lugasnamsyseiivnansenuaedaundonlu Flow diagram (F4mMUNUING A12)

Sﬁlle Edit Calculate Tools ‘window Help

T2 H&| PRE| P VS B Sl ik | DS

Hetwork. l ] Impack assessment ] Inwentary ] Process contribution ] Setup ] Checks (728) ]

|§ E | characterization | [iPcc cwr 100a (kg Oz eg) E %I Al | 7| 1| = | fo-ooss 2 Ell@. E =le]5]
——

33‘ rh
L.
:5
W
0355 tg ,5
Quictime, milked, s
Pt L il
plant/EH U 12 nodes visible of 1960
a3t
0353 g 32669
Quictime, milkd, G panes plart,
ks, o plantCH 00 RERST U
u
bz 15
035 by
Quictime, in
pro=, e, A
alant/CH L
paEr

O/E tg
Heatvy Fuel G, o -
ot
4l ’

COREMANIA@CYBERIUNKIE. COM

MWHWINT A12 Flow diagram taraanamssziliumansznuduadonvesiu GCM

(Emission to air)
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