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KEY WORD: CEMENT PRODUCTION PROCESS / LIFE CYCLE ASSESSMENT / LIFE CYCLE INVENTORY / LIFE

CYCLE IMPACT ASSESSMENT / EMISSION CHARGE
PHUNYISA KUENDEE : LIFE CYCLE ASSESSMENT OF PORTLAND CEMENT
PRODUCTION AND ECONOMIC ANALYSIS FOR AIR POLLUTION TECHNOLOGY
MANAGEMENT. ADVISOR : PROF.SIRICHAN THONGPRASERT, PH.D. , CO-ADVISOR :
ASST.PROF PICHAYA RACHDAWONG,PH.D., 169 pp.

Life cycle assessment (LCA) comprises four stages ; goal and scope, life cycle inventory, life cycle
impact assessment and interpretation. In this research, LCA was used to assess environmental impacts of
portland cement production, according to cradle-to-gate approach. The boundary of this work is cement
production process. Most of data were secondary data obtained from the environmental impact
assessment reports and environmental quality monitoring reports. The technology management and
economical analysis was used for air pollution solution by reference intemational information.

Grinding of raw materals for cement production was found to generate large amount of
suspended particulates. The fuel combustion generates large amount of carbon dioxide and oxides of
nitrogen. Therefore, in the stage of life cycle improvement analysis the reception in other industrial waste
such as used lubricating oil, tire, etc. to dispose of the cement plant for fuel replacement can substituted
petroleum fuel in the combustion and reduces the emission of carbon dioxide 8 kg.co,/ton cement and
used electrostatic precipitators, bag filters and wet scrubbers are used for reduction of air pollutions that
electrostatic precipitators is the most efficiency but it's costly. According to the economical analysis, used
the emission charge that reference from the United States of America. This criteria force industrial factories
to reduce the emission; moreover, it is the major government income source to support and develop the air

pollution control.
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7
- ,;‘/_ Fossil Fuel 0.58 Gt (~40%)

Fossil Fuel 23.9 Gt (53%)
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UfiRdwiusin I selemiluniesia LCA

i {?Faule
Resource extraction
{e.g., imestone quarry)

Y

Materials production
(e.g., cement plant)
L 4 =< Gate

Produect manufacture
(e.g...concrefe structure)

' ¥
Use

{e.g., bridge 50 vear life)
v

End-of-life
(e.g., demolition)
l < Grave

Recycling

U7 2.1 nstsnifindnansTinuenansied (Life Cycle Assessment, LCA)

a

fiu: Steven B. et al.,2002



AUNTNNIRNTFIU ISO 14040 21N International Organization for Standardization
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NARATUT (Life Cycle Assessment, LCA) Saazilsynatidag 1SO 14040 , 1ISO 14041, 1SO
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1. nenvuativunauazauan (Goal and Scope, 1SO 14040 )

2. mzﬁLmﬂ:ﬁﬁa&l%mmié’méunmf&’@u( Life Cycle Inventory, ISO 14041)

3. NIUsTIUNANIENUAAE AN TIRTBNHARA W (Life  Cycle  Impact
Assessment, 1ISO 14042)

4. n1sudana (Interpretation ,ISO 14043)
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F119°99 2.1 uansdeyalunievin Life Cycle Inventory (LCI) anGiuus 1 kg Tulsasnuaes

ssnd a21A1

INPUTS OUTPUTS
Raw Materials Air Emissions
Explosives 0.27 g | Carbon dioxide 800 g
Grinding media 0.09 g | Particulate 0.16 g
Iron sulfate 9.2 g | Nitrogen oxides 194
Quartzite 46 g Hydrocarbons 0.016 g
Waste oil 129 Ashes 0.0020 g
Limestone 1400 g Cadmium 0.000010 g
Gypsum 46 ¢ Methane 0.314¢g
Carbon monoxide 0.78 g
Chromium 0.000017 g
Energy Copper 0.0000026g |
Coal 0.86 MJ | Mercury 0.0000035g |
Coke 1.5 MJ | Nitrous oxide 0.00000015 g
Diesel 0.058 MJ | PAH 0.00000034 g |
Fossil fuel 0.93MJ | Lead 0.0000087g |
QOil 0.016 MJ | Phenol 0.00000042 g |
Waste fossil fuel 0.53 MJ | Sulfur dioxide 0454
Electricity 0.47 MJ [ Thallium 0.00010 g
Volatile organic carbons 0.13 ¢
Zinc 0.000013 g

Water Emissions

CcoD 0.000087 ¢
Total nitrogen 0.000014 ¢
Qil 0.000030 ¢

fuN: Steven B. et al., 2002
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5.1 LASBY ﬁm!ul.mu‘lﬂﬂ’l'&am (Electrostatic Precipitators)
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5.1.2 HAURILATRI ESP
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Precipitators)
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u": Richrads,1995
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": Richrads,1995
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#u": Richrads,1995
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Collection Plates

Gas In [nletgas Pre-ionizer electrodes
distribution plate

(wires)
717 5.4 194 ESP uutiden talsindaunn (Wet, Positive Corona Precipitator)

u: Richrads, 1995
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#x: Richrads,1995
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1 Mycock et al, 1995
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31l7 5.7 nsluaseanszuaiianlu Tubular ESP

11 Mycock et al, 1995
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N Mycock et al, 1995
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High voltage bus duct

Support .
PP Bus line
Insulator
housing Transformer rectifier
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#u: Richrads, 1995
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91l71 5.10 Anmouzaas Field Waz Chambers 1w ESP

fun: Mycock et al, 1995
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5.1.4 gn W ulWvuastueu (Dust Layer Resistivity)
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| o ° % | 8 = 10 Y

nguAs anEUNIUlWAne (aandn 5 x10° 1 5 x10" ohm.cm) UazANWENUNIY
TW#ige (11nn91 5x 10" ohm.cm)

dnauniadAtausunuliinarazgnldlszqladinauazi@atszqlidne fariu
dl d‘ Z’/ [~ ¥ al [~3 ) VU o v (2] = o 1 % 1
Wannzidaiuudaazqgodailszalaasa Mliduiandaudinszuafinaan saetslaun
Carbon Black uwazAfuaunldlug (Unbumed  Carbon)  ludidn 38n1sunlamald
wanTudendn lunsyuanimietsuan winuniwlnda

A 2 o

dnayniadArAud T umulningsasiulszanldldanuasgydaeaniduiu

(4

o <

N U T v d T X
paiuiadndudaiudivazgnaaen lilaeldinisdedseq v Weduaesduaranunau

azifnaunWienzau Tnedunegdunanazilszqay funegnsanatafunans uazh

u

v
o <

daifiuiilu Ground WintsangnnaniiGendt Back Corona naname Wadsznnevauy

qn°) A lddudufianisunnilugazidenidans 4519 Back Corona Discharge 2w Ineinas

%

Uaee@oanuanasundamiduaindailaaslseanffng linay vnlilalsinfidassann
dn1laatilszqanas ke Uss@ninanniaiuduanadson uavasaran nsiuniulnings

fiaA1AYINIEIIR9aYNIA (Migration  Velocity) wanalugii 515 uaz 31#1 516 uang

nazua i lnanudueu

0656 20

0.492 |15 ~—~ +

0.328 10 ™

Precipitation Rate Parameter, fUsec

10° 10" 10" 10"
Resistivity, Ohm—cm

717 5.15 nazasan s ulinaesduusiodn Migration Velocity

" : Richrads, 1995
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Palate

Bulk
conductivity

Surface
conductivity DETAIL
51071 5.16 nazugnitnlvarudugu

AU : Richrads, 1995

mmwé’humﬂﬂﬁwmc!uﬁ@mmimmﬂm@ﬂﬁm@muqﬁﬁ@mm%ulum‘umﬁw
navasgninfisegn nE i reseunanandlugil 5.17 ugnaniifenLdnfing
Fawledlaeenlas annsngagandiaudaunulniinesuldden Bunmiildedsemdng
10 4 20 ppm @3 ALALFUANNE LI aEinsadaTinin wenluile TnRauAse

o d”l de/ 2 dl a 1 a dld o '8 ISR
1?@ wazlanued u@ﬂmnu@ummwmmmnmﬂmmuuumuﬂ?mmmLquwmm

[

v o
s ulninAag

10t i E
L] 1]

‘ ' ' -

1012 : : Reviativity dominated
dominsled ! by btk conductivvity
i W'l ::Mq

1]
8wt e
10 - S
' L]
100 : ;
1 i
w | E i
H H
W : H

1 L ; ' | 1 L.

200 300 400 500 800 700

Gas Tempecature, “F

317 5.17 AruduiusszndngAA U Ul Aug g Haesfing

NN : Richrads, 1995
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5.1.5 N19AsAadaukazn1slszidulsz@nsnan ESP

N19MAFIAEALU

nsUssilulssaNsn N

annaesglnsnd

F9IAQANINNIIANNTBU NIINANTEY 1TD
4 4 «

ANTNTBUATRAUREUNE LATRITAAIINTLLAS LY

1884 (Transmissometer) LA3a944 (Transmitter)

LAz Retroreflector)

NMTAUNANITIELNEURSEUBDNG

1ang

fnueaiudninisszunadulédn (visible

Emission) A33asaiiun1snmageL liaziden

N2 RANALALARTUNNLIAN T0s
TLHTLIATUATANHUSIBINGNATU

dufew) woulisewas (Puff) 7

Uaezeanuuiuszes)

¥

tinastaesnguaduiuien) uuulisees
(Puff) aangilaasiias) AR uay
Transmissometer Strip Chart WARIANAINIL

b 1 %’/ d} = o
LANZNE A (Spike) LaE] ATNLNAWELNLINNAE
UnFuazAede ANNLILAY (Average
Opacity) Manailasuulasludaeszazioan
duw uansdunannsnuduainlan (Soot

Blowing)

NTRUNAANHUTHALNRIRINgS

(AYuRLanEaaNN1BEN9ABLTIEY)

Detached Plume (U7 5.18) finaniladeisiney
29INFEUINNIINAA Ue L lFARaINA99i19n
npinAaasATasniIansuazaasuiywinate
naiinlepuuiwizanaialjiseaine
dl < ! J =2
NNAINGUN 5.19 Aaziiiud1A1ANILLAIT8Y
N oA X P e -
nauAAANTUAINATReUWINTLARET 0 Uany
UaB9aunILyinnNTugIndn 80% nesnulsian
AMRLHasINANNITALLERTadlavTanIsitle
Ufiseaivesingsiie) nnalunguialiie

3| 1] é’
dlueynialuazessay

N2MTIAEDLNT INATNUBIBINA

(Air Infiltration) inldlusesdanwaz
y de .

whudauresninuguaread

(Hopper) An@ad8 iz LNeEu

1HAUA1999901°) LATRY ESP  LN@MIUUANNNN
=) al

1990719 lMaEnrete1nA Tnadadaeainnis

waaulreseInIALazAUNANITeETIE) 7

yasiulgasintnia
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T
%

azaadnanauld (Solid  Discharge
Valve) 1A uteIn1ad1a1udng
WATANULU FRELMABLNANITUENEFA

Rapper Shaft Lazyian1adn

NMIMIREBLANAUTUATAT  Span
284 Transmissometer WATATUEUND
TWuanaanssnuen1aineuaed

Transmissometer

N19AFIARDUANH UL N BFINALN
Transmissometer flavinauLnGatisailan lag
L FR9MgAN199N9UIBILATENAABTNATIAADL
X

1 wazedynulWimeudinddyuiduazeas

a dg( d‘ 1 v A 1
mmumuma’lmmamﬂiu

ﬂ’]ﬁ‘ﬁ]ﬁ")@@'ﬂﬂ"ﬁ'ﬂ?ﬂ@‘ﬂ@\i

Transmissometer

wWegueudeyailaqtiuaes Transmissometer
Strip chart ﬁu%a&mm Transmissometer Strip
Chart #l&annmsiAusagnsannilans dasinls
nsieneeseiassnduuyifnainduly

¥ o° &l =X dl a d’(
ATNUBNIULA me:umﬁmmmmmu

nnanaaaudeyanialnilizes

Transformer-Rectifier

g udeyailaqiiuaes Transformer-
Rectifier ﬁuﬁmﬂmm Transformer-Rectifier ‘17{193’
@Wﬂﬂﬂﬁ‘LﬁUﬁQ‘ﬂﬂ"l\W’mﬂ@“ﬂ\i Lﬁﬂﬂ’]?ﬁ"lﬂ’]uﬂﬂ\i
wreesndununlniiaadmiuldaudni e

ﬁ‘:qmﬂﬂ&lmwmmu

Stk e—pe

Detached Plume

gﬂﬁ 5.18 Detacach Plume

AU UNNINT LAZADLY, 2544
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717l 5.19 Plume Miiinlepauutinvisaifinljiseind

N WNNINg LAZATUE, 2544

5.2 9an9a4 (bag filter)

5.2.1 UANNITNINY

| aa 24 dl Y o ! dl aa dl
ﬂ’]ﬁ‘ﬂﬂ"ﬂ\iLﬂuQﬁLLﬂﬂ‘ﬂl‘q&ﬂ’]ﬂ@@ﬂf‘\]’1ﬂﬂi‘$LL@ﬂ’WGHV]FLﬂ]ﬂULLWiMZ‘]’]‘EI§J’]ﬂ‘Vl@ﬁ')ﬁ‘ﬂu\‘l

q
1 ]

Taeinlilinasnsashalassaisiiugngy dsznausauarsmiiuiiaianvraiduly deas

Y

v o 4 4 1 1 1 dll o o a o % ¥
ﬂﬂﬂuwmﬂ%Lmﬂ‘wmsﬂmmum@mmmm@mm@\i @Wﬁ?‘i_lq\‘iﬂﬁ“ﬂ\‘icl:@ﬂﬂﬂlFW]’]ﬂQEIN’W]@

A v o

(Woven Fabric) w3efndnuann (Felted Fabric) \lugilnsninuanduaanainnszuafinays
UszAnsnngs Aa da9awin 0.1 Tuaseu TnelanizateEqauInaedaynia 0.2 09 0.5
dl o o :j/ I dl 1 £ éj 1 4 1 IS a a
lupsau Teinduenn duunasanaguuiinsesiiazdosnsasaynialiad19lss@ngnan
49 LATRINIBIULLIFRINNANAZ 1 ATNATIATIY
o 4 ey . o T
\Haauniatpdeuidinudanses aunaenagnduiasaannalnuanaasing laun

. 2 . . : o 4 o o
N13ANANKW N1INTENL N1TUNT U39 IWHN Latae Laznnsaeaeiny (Sieving) Baidunalni

o = [ ndl 1 1 ' Y o =
AUNNAYANN LW?”IZZSJ‘IJH’W@ELVQ_,ILﬂﬂ%@ﬁ@’ﬂﬂm’]um@ﬁﬁ]’]ﬁ1ﬂ pN3LN 5:20

a

'
o [ % =

nalnndrAnungalunisauayniacoaduly Ae nsanany N1INTENUUATNITUNS
douussnnauazusslinanadmnudrAnyvira ldflduslidnalnnnsaancnu duiugenses
%’/ ] 1 [ a é’ dl | % 1 ¥ ol/ A
tudauluginsdvayniamiatuluiiassseynianazanudnaguniasludongas tupe

nalnudnlunisdueynia (NsanaRU N19INTENY wazn1Tuns) ualudosnanduduly

|
o A

v 1 14 1
FENINNNINIDIBIUAATIATWINTL WHaHAnaranTu nsaannuaziilunalnidAnygn

o
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v
o o o

AaTiunINIasdINnIndud v alan lAat 198 UssAnsnings Tasenizludasaunaaesru

0.2 04 0.5 luAsau

Particle too

targe for hole

gﬂﬁ 5.20 ﬂ@iﬂiuﬂ’]i‘ﬁ/ﬂ_l'ﬂiéﬂ’]ﬂ ~ N19ABAKNIU (Sieving)

u: Calvert et al, 1984

5.2.2 ANHMEARIUUILNINFAY (Baghouse)
Nla0INTea (Baghouse) dszneusaagenseailunng - agluniaades
(Compartment) nanguiag IngUnfnensasiigilsamiiewieinsadmevisedndnuana 7

Wuazvineaeanld Metal Rings Llusniiavizaanald Cage Lulnsstinnasgefils Aegiy
5.21

Aafildudelnariuganias aynnpazAnsuuiazesinnsesuane it aszenngn
FLUNEIGUIILNA Lﬁ'@%us!u@mmwmwgmmzrﬁm‘ﬁﬁmmmmmqqmm M iumnas
T ludesindaianaaniaeld Preumatic 113 Screw Conveyor

sruunInged Tunatininsas insesnulndneaennansaatlu 2 atnsme

- gxuuN1INIRIn el (Interior Filtration) ﬁwﬂmL%Lﬂ?:mmmmqﬁmuu (Top)
Wraduang (Bottom) Tmsik 1 Cell Plate mimmLLuuﬁﬂgmﬂgﬂﬁumﬂ’Luqa @uaNIA
aza1naz K ueanuIAuwen

o a

- 3TLLNNINIBINIEUEN (Exterior Filtration) N9eiilauniAugnALNHIAUWEN 183

u

- o o \ Y o o o A = . @
BNIEIAN Lu@ﬂqqﬂﬂ’]sﬁbl'ﬁ@@']ﬂ@’]uu@ﬂqqNquvLﬂﬂ\‘lm']usLu ANUURABIN Cage 198 Ring i

Tasstinnnglu
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LTI

=
| Tn1eBa

(Internal £age support)

31l 5.21 nansasuazlasséia (Support)

Hingh ws clasgs
e

#4n: Richards, 1995

5.2.3 N1SNIANNFLAIANINT DY

FBN9INANAZAINYINIBIRINNInTLA 3 3T Aa ldnalnnisiaen (shaking) N9
TanAfaunay (reverse air) LaznIINUANTINAINTaUEY (pulse jet) wsidaunnianld
e a5 v o A e v y
Aanslianiadaundy  avluaninnianazann  Compartment HUAZHRIALATENNIAN

Qi ¥ 1 a 7 [ 4 o/ v éj
anannsasudnasluadugaluiismsdaunat dnsnizaesginsesuunvadeutiuanslu

31l7 5.22

dl 4 dJ 1 v :j/ o
q\‘m?mﬂwmuuu Support Frame sﬁ\‘]ﬂ%lﬂ@’&quuuﬁl‘ﬂﬂ Compartment UUANE

nensasTtiaanniAluatian (Reverse Air Bag) azitlafifiuns uastlandauuy gessnanalad

1
o =

cage ey wadl ring fiuAanUguWanud IngeuWuBEIInANaTenn (317 5.23) 09

q

nsasazAnULuEUlaEEaNdn Tube Sheet 6iagl Clamp waz Thimble (317 5.24)

1
24 =

IS 17 1 dl o 1 5% o o ]
ﬂWV}MtJﬂﬁ@Lﬂjwmﬂqammmmmuﬂﬂ@muuummmwn me"l,umgmﬂsluqa

] o z// IS4 | a % % | d’ll U
NIBAUAATY Aatiuaziinduaranuutasuluresge induiidaslunasnsaaty



Dampers

Bags

Compartment 3
Compartment 2

Compartment 1

. Gas inlet
717 5.22 gunzasuuanIA nadiau (Reverse Air Fabric Filter)

N1 Richards, 1995

T Tension spring

gﬂﬁ 5.23 79n384 (Reverse Air Bag)

#u": Richards, 1995

100
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n4n9a4 (Filter Bag)

Worm Drive Clamp

Thimble

weiulaue (Tube Sheet)

04n52a9 (Filter Bag)

Snap Ring Sewn
Inta Bag Collar

weulaue (Tube Sheet)
3107 5.24 &amnuznnstinganses

(m) nsBingtaeld Clamp-and Thimble

() nastlanslagld Snap Ring

#A4": Richards, 1995

5.25 9N (Hopper)

2919
&1

#11: Richards, 1995

717 5.25 uaneFaaL19i9wn (Hopper)  Nldd niusesiudunugnaingansas

waIRINNIANAazaaual duiinsesliianeaningld Pneumatic e Scew Conveyor i
andmiuanauszul Rotary Discharge Valve %38 Double Flapper Valve (3171 5.26 ()

waz (7)) wetleaiuldlienianiauenluadnlllumisaganses
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(n) Rotary Discharge Valve (1) Double Flapper Valve

91/9 5.26 A MTUTZUNEIE]

u 9
[l
=

N1 Richards, 1995

5.2.4 AINA1NAINTUNS4 (Filter Media)
o o o | £ [ L% o o = a 2 A £
Fanavduiunsaizadinses wwialadiAnyaesgensesivaeniin seaaan’
Temnny auagfudaulsznauniaedaesing (wiw aanms an wiunsavzasi) aomad
Ugsnneuidn (Dust Loading) AnANSLENINN 8N IWLAZIAN T8N ALAS T LAYAENNS
o d! = c 4 v A v o
NIANINATBIAYINTEY TImAIANssNuaINuAas ldA nsesuuudIneusadndnuain
asannlalanzanagninniauainayniauaingilaesaani
fdnsesinutanidulesssnafuasiduladunsziluglues
- e (Woven Fabric) (319 5.27)
- fn&nuanm (Felted Fabric) (3117 5.28)

- ifle (Membrane)

- aTany (Sintered Metal Fiber)
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Pore

Warp

/
Falt ==~ \_ Falt

Woven backing

o

717 5.28 fdnuann (Felted Fabric)

#N: Richards, 1995

5.2.5 MsAgIdauLarnIslseiiulse@naninaaiginsas

N15ATIAEALU N5Usz N UUTANEN N

annaesglnsal FIAAAANINNATANNIEY NATTIANTDU UTDANINGY

N7992NUA

nnsdanansssuatueanguaes— | danesiiulddndaduszuiaaandianas (Visiole

Emission) 4&ANANITIUENNININIULLIENTEN
1=l a ] ndl a
1laim n1gmzaagauAtslszidiuilyuisie Mifia
dg( o d! 4 o ! o
uiuge Tadsznavlddasnisdanden nnefin
' = 9 A o dl <3
nFaunIAl gelndvzagniiaiy wesainaziiin
InvTaguunNge wazn1IMIAINAZRIABENS LY

WNIZAN LT
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nisdanmeluiienszans (Fugitive)
Minannsugnadan (G
Reentrainment LN m%) LL@::'EJ'ﬂﬂ?mi

A lun1snan

prgsantiunnyuienszans (Fugitive)  Nilaas
BONNIAINNIZLIUNITNARF] BENAZIDYA AT
meIadaunIAIRNUssEnsnannisinduu
o X = =
ATOOIAT TIBNARANUANIANNNITINATHLEY
81N1A N199NEAABINIARENAR LML ALY
o a o “
WaaNAlna (Heanidessia) ansedgamu uas

Us2AnTNINUaIN19IANNAZANAAAAY LTTUFI

NM91iRANAINARGTYLAY (Static

a

Pressure Drop) Annaduaz

NNBRNVBANEINTEN

wFeninguAIANsusinaniUA1UNRNNI1ENNT

Meuaesgensadilullaadennnus

n23ngaIM)HLesANTINd Az

aan

o ' a

wnalAAUAIa N

q a

= = | Qd‘
WIeUa LA U RN

o )% D g o
ANATBAIHINIRIN 1

AN9AFRALNT AT HUBIAIN A
(Air Infiltration) Win T A Aasmas
HNATALTAIN N AIA UL WLAL
pnudne Miuduazeas (Hopper)

- © o 1 I dl o o
NadE UL aeuareananaL
1% (Solid Discharge Valve) 918

NadnaznINean

IiAud199930u gunsnidnlAgudaannsin
INATAUNTald ¥FRNIN1IATIATAAIAINNLANFNY

2099 NI Az I RN N AR

o o

MAEMELILaeEHuAza N ANSL

161

& A, .o a
ﬁli’l@@ﬂﬁﬁ‘Lﬂ@@uV}ﬂﬂ'}\‘][ﬂ@LuﬂﬂLLZ\]tﬂ’]ﬁ‘Lﬂﬂ@ﬂﬂ

AEN9FDLLAIUBNINED

AN9ARAALTUNN AN TAN LAY

UBNENNTEI

%

11979IN19AN AT RIQINTBINANANTURARAITN

= % a a
pansasldoynaniepulss@nanan

5.3 1ATRIALAUAENEAUNUTARASLLLAS (Wet Collectors or Scrubbers)

5.3.1 UANNITNIU

Lﬂf}i@\‘l’%/Uﬂ!uLLﬂ_Iﬂ_lLﬂﬁlﬂ (Wet Collectors) #7ag@a5uLa% (Scrubbers) Lﬂu@ﬂﬂ?mﬁw
2RIMAIANALE VTR YN AT ALENa 19T ANENWUATAUATNa N A NNz AT L6
Tuauziheniulnednaeananiuduareasdasgnszuaing vealinszuafingluasinuisu

y @ = V= P &4 da oA A dg
UULNAIAILAITNLTVIG e akNuiuiannNuasnaiAaaunNg Lﬁiﬂﬂléﬂ’]ﬁl,ﬂ@@ui’ﬂﬂ@

Q
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ATARNUTANEAUNATA NN AT LATRR9UNA%E NALNNAN 3 889 AR NNTNTENLLTAIANNANN
d .z o o 4 e .
et n9aianu uaznisuns Tnavinlinisnszniiasainaanidasifunalnnisduaynia
NéAryngaaesaniues anseuatinalannudanannan 0.3 RgseduI uantin ey
aynaldmantlazgnuanasnainnszuainglnauseliunes vaalinscunnueuni (Baffles)
~ dl
GG IINERIS BN

Tunsdneusasaniiiuesi 3 dupow As

1. AYNIPRNNALAZANAUAINIATASLAAVTON AN BRI

2. WENUEATRIMAIRBNAINNTE LA G

o o dl o I 96’ a ' Q”
3. UN1IA18UAINALEU (WIdE) neussLnei

|
|8 a

1u°%umﬂw,mm§mﬂ%z‘mrz‘mLL@zQﬂﬁﬂﬁﬂum‘#@mmﬁfmum finan1dun Ae U3
AAFLILES AATLLLE S LAY VFoaASLILesu a9 ludunenT 2 1 Aesfnazaanin
(Mist  Eliminator) AR AL IE AT A S AL NHEAYN A NN ILUARAT HASANNTL
Tupaui 3 Iog1nandsinar 11 AirRaRNAZNaw (Clarifier) WARNTEY (Vacuum Filter) uaz

o

1 . d‘ ) o % =l dl o s
UBNN (Settling Pond) NaLIUALNLAENEANATNAATLILLAT

5.3.2 dquilsznavaasgautias

4 !

sruvudaniuueslsznausaadaudsznaunandny 1aun iu Waaw ginsniilau

9

o o [ % o

= ' - o o v o | e
an9wed sruLYie uazgUnIndmaaadn (Instrument)  dauiuaniviueldsinauduniaun
AnuAN (1Bnn91 1 Tuasew)— dnAassgUnsnidaviunaetiufinaneudnaniuiuefuay
gunsaivaaifiuaaamasiialiletinauuin dauiuirTasanazessindanaata toun

l4lma, Chevron, Mesh pads Lay Woven pads

5.3.3 fUAUDIRASLLLAS

Tainnsanuunamsuuesiiuvanglszinn teun
o o % 22 o % 3| .
® ZQﬂﬁ‘i_lL‘Ll‘ﬂ‘ELLUUI%T]?ZLL@H’]GHVHELM‘LI’NL‘M@"JLﬂu@t’ﬂﬂﬂﬁ]ﬂﬂ (Gas-Atomized
Scrubbers) Wi Venturi Scrubbers, Rod Deck Scrubbers
o - y S o \ ,
e gafuiueiuuyldrevraIniianusugeniluazeaties (High Energy
Liquid Atomization Scrubbers)
® FATLILATLULNNAUTRLNAT (Tray Tower Scrubbers) i1 Impingement
Tray Scrubbers

® AATLILATULL Wet lonizing (Wet lonizing Scrubbers)
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[ %

o m?ummimummmm (Packed-Bed Scrubbers)

q

o apfuiasuuuundule (Fiber Bed Scrubbers)
® apsuluasuuLALlsd (Spray Tower Scrubbers)
e apfuiuasuuulinasinuna (Mechanically Aided Scrubbers)

e apfuluasuuulduannisAauLL (Condensation Scrubbers)

k% !

apfuluasivaneaila alaidnange ldun anfuiwasuuuanlse (Spray Tower
Scrubbers) ldduruaraesuazuianiuunluainantlszann 5 luasew douaniuuesadin
AU LW aAFULLeSULULLNANYITANNA (Tray Tower Scrubbers) @ASULLATMHA Mechanically

Aided uay Wet lonizing laususazuiguuaanilssinn 1 Tupseu apfuieing

dse@nsnngannnlunsduduniamaian (0.1 09 1 luasew) Teianldlugpamnssu
Yuauus leun wuys ansued daiuasesiaduayniaduscuudanilduinign andy

) dgl‘v Y0 o 16 Yo 1 % dl (= rdln IS
wesriatiinldnndafinauazle wilddudulidos  Weasanduginsnindeussd
dsz@niningannlunisdteynianiauinin. Ingenizauimdnndt 1 Tuasen uas
awnsngetningld 317 529 uaesdauilsznauaes Venturi Scrubbers Ra ddupan

(Converging Section) 4212 (Throat) Lay @21 (Diverging Section)

-4
s Ims
i
{Gas inlet)
iunen

N

{Converging section)
e N 1 T
(Throat)

/\ fauuee

(Diverging section)

7171 5.29 doutlszneavrenuyzaniuiued

#iu1: Richards, 1995



107

nszuafingladnguuys  uazizeamaisatinunseasuaan  (Converging

1
A A

. 1 dl | 1 dlml = [~1 [~ (2] d‘ 1 a
Section) ¥isaNdauAe (Throat) TaiTluTNANTHANNIGIEIgA ATNITILRRTNdIuARHAY
60-224 WAgFaTUIN nezuainandunfaaaniiigeiazyinlireananiiuazealetuas
Hponudy  euniegnazessidulidienalnnisnssnudosusaaes  esainAuiE

v
o [ o =

NWVIﬁWﬂQ‘ﬂHﬂ’]ﬂLL@ZMH@M’]GLH'&"’JHV’W@N AN

31

3 mbidsgansninlunisdueyniaresouy)

eI wasaNTuing e uduaene

3 e

TAAFULLIATHAEY LAZANANAUATLL

(Diverging Section) ANNITIB9ANTAZAAAILEEIANLIMUG waz VaK1WATRIANAZEEY

11 1 lalaaw (Cyclonic Mist Eliminator) iivaugindunasesaannszuafingneuszune

N19Uaad (319 5.30)

U

Gasoutlet
sinel
| Mistefminator
—5 water
\
Merduri
throat

)| P LI LI g1 ¥
719 5.30 UYTAATLILBTUALIATEIANAZ AU

u: Richards. 1995

amfuiasniintidnatluilszinn Gas-atomized  Scrubbers  @IUNNDY
o rdl ¥ 24 dld < o L% | o [ 1%
anfuluefnldnszuafinaniaanuiiogerin linesnaniiuazeesles uazdudusouns
A % dl o 9 1 1o
nazny Baasmasmaizei il luaniiwes daulunszyluddnanisinanesasaivian

infin (Liquid-to-Gas Ratio) Un&idAN3z1n9ng 0.5 019 2.7 Anssiagnunariiues
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5.3.4 nMsmpsradauLazni1slssiiuilszansninaasdandu L‘IJ‘E‘:T{
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AUNUSIN = AUNUIRITAWRIMALNU+ AUNUlUNsTITR + AunuaeAlsy

RulAainnisana CO, (ASUaULATAR)

1%

usiilaRansannisdeseentasingdeunsyaniitsyan ol
ANNNILUIUNITHAR seu1tu 50%

AINNITVUAS 17eu1U 5%
annnsustnanasaulnia - dszanae 5%

ANNNTLE A amAINaTa  1szanns 40%

33

o

fasiusnaslid NnsnAnATLaetNafe (Emission Charge) ani3unsiuafiemig

anAnNaTuisnN el desaanlssuadusasldnass i §aduasinnislssidiv
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o

N7 9NAIUININE SEC (Specific - Energy  Consumption) FailuAngadmILT e
Bununisldnd s usavthgnaudn ey SEC Benchmarking 8198947151
fqmmwﬂiwgu%muﬁﬁ@LﬂummgﬂuiumﬁmLﬁumﬂ@i@ﬂmﬁwTmﬂﬁﬂ%ﬁwﬁqmuiu
PFUNINNFIANE9B N8 NN 7L TN AN AN IUANAINI AT A9FiaegnaaLiLIAY

aaauane Tugdiuninuaanun

A

SEC wailugnslanail

SEC = Enegy Input(MJ,kWh)
Product Output (ton)

2

imefl SEC = AATHETANIs N a1
Energy Input = 1Furnnaainunlsenuld lumneniu
Product Output = 3unaunanan ltauneany

1
al

Wenansnsaenmalulagnisuanniluilaqiiunlia SEC Afigannldauudans

;13199 6.9 NuuAle SEC 419899849 AAMN TN WTLNUWEIS SEC Benchmarking 184

1
6 o/

NIZUIUNNINARYWTLNUAAS 3.31 GJ/ton @il 69.93 kWh/ton @avne| Aladns-dalus

Pdazinislaasaanvasingarfueulaaanlamiauwin 500 N5 (F3uUNS, 2550)
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;113197 6.9 maAlulatiusiaznszLunsNaRN 1A SEC Avgn

N9EUIUNITUAR walulas
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UAAZIREA Roller Press - integral
ﬂ’]'a“LmLﬁmﬂ]u Short dry — preheat&precalciner
NTUATLNUS Roller press/ball mill/high eff.

o [ a

1aq1 U9 BUAR BTN WAL UNNAINNuAR T Ay 23.2 A1udu T9ld1Funns
o 1 o/ a 8 b‘dl a 49( 1 o o/
WANIUWNTL 1,622.37 GWh Aawdluisanuanfuanlaeanladiniaaumingy 811,185 s

1 Failfunnaesaniuenlasenisaniluliuiunuingananisaaenlilsealalaa luide
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ArsuaulaeenlasnlasafuaAliauawianu 208,339 fu CO,/A Auiudniansnisuyui
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AUNUNLAAAIN CO, = AUNUABILTALNRINAWNU+ AU luNsLin +

AU UAasA1lsU- WunlAainnisene CO,

(ANSUBULASAR)

1. AUNUARITALNRINALNY

1) LAY 402 UIN/FIL

2) HINYNNIDEIUG 1,000 LUIN/FL

3) tsumARAUTIHUEY 3,000 UN/FIU
593 101,401,856 un/l

b

2. sunulunisiiiia co, Tneld Scrubber
1) ANANHUNTRAFITELL 70,454 U/l
2) A1 lgane lun1snneuaeassuy 354,886 U/l

993 425,340 U/l
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3. AUNUARIAILUSU ( Emission Charge) 100 UIN/AU

393 20,833,900 auun/l
4. Quilaannisans CO, (AMSuauLATAn) 577 /A1 CO,
999 107,091,200 U/l

ﬁunuﬁtﬁﬂmn CO, = 101,401,856+ 425,340 + 20,833,900 - 107,091,200 1 /il
= 15,569,896 U/l
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Bag filter Model
Project Owner

System Designer

PJBF-6/8/2000 6 8 2000

Requirement: 4000 CFM

Bag House

Casing

Bag type

Filtration area (sq.ft)

Air filter & regulator
Pulse timer

Solenoid +Diaphragm set
Pressure Diff gauge
Discharge device

Discharge driven

Qty

48

Size 1,650 width x2,090 length x 5,045 height - Enamel coated

"BWF-Needlona (TM)" PE/PPES01 size D=150 mm. x 1,500 mm.
470.10 4373 m2

CKD Model W-4000" or equivalent Port RC 3/4"

"ASCQ" 6 station circuit board series 4 14PMB06 (use 4 spare 2)

"ASCQO" SCG353A46 or equivalent outlet orifice port 1"

"Dwyer" Magnahelic series 2000 ( Model 2010 range 0-10" WC.)

Dump bin 500x500x500 mm.

NONE *** see optional rotary valve
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Desishiticid
Flow Capa. 4,000.00 CFM.

Air to cloth ratio 8.51 Ft./Min 2.60 Metre/Min

|Pulse interval 20-200 m.sec.

Dwell Interval 2.0-60.0 sec.

Feed air density require 18 CFM @ 4-6 Bar

Compress air per shot 28 litre @ 4-6 Bar

|Pressure drop design 100 mm.Aq

Blower(Price excluded)

Type

Blower capa. 4,000 CFM. 108.00 CMM

Static pressure(stand-alone) 10.0 inch. WC

\Blower driven motor Hp 3 phase 220/380 VAC

Propose price 189.000.00. v 29.500.00 um - um - um
Total 218,500.00 | v | Bag filter "x8"-optional*** Blower Motor_
Remark:

Rotary valve cast iron RV200 outlet port 200x200 mm. With Geared motor 1 Hp( 0.75Kw) 1: 20 ratio at ~ 72 rpm

+ neoflex coupling direct drive

29l



ITEM DESCRIPTION [1134 UNIT UNTI/PRICE AMOUNT
SCRUBBER SYSTEM FOR 2 nd FLOOR
1 |FRP SCRUBBER i Unit 353,000.00) 353,000.00
Capacity © 5000 CFM
Dimension : 1D 1400 x 4700 H (mm.)
Material : FRP { Vinyl Ester resin )
2 {FRP BLOWER i Unit 144,000.00 144,000.00
Capacity : 5000 CFM
Static Pressour : 6 " wg
Motor  : 10 Hp, 380 'V, 50 Hz, 1400 rpm , IP 55.
4 [RECIRCULATION PUMP CAPACITY : 300 /m 1 Unit 48,000.00 48,000.00
5 JCHEMICAL FEED SYSTEM 1 Set 65,000.00, 65,000.00
PP Tank
pH Controller
Feed Pump
6 |FRP DUCT DIA. 600 12 M. 4,150.00 49,800.00
7 {FRP DUCT DIA. 600 1 M. 5,700.00 5,700.00
8 [FRP DUCT DIA. 450 4 M. 3,500.00 14,000.00
g9 {FRP DUCT DIA. 350 4 M. 2,650.00 10,600.00
10 |FRP DUCT DIA. 300 20 M. 2,300.00| 46,000.00
11 |FRP DUCT DIA. 200 18 M. 1,500.00 27,000.60
12 {FRP DUCT DIA. 100 2 M. 850.00 1,700.00
13 {FRP ELBOW 90 DIA. 600 3 EA 7,950.00, 23,850.00
14 |[FRP ELBOW 90 DIA. 350 1 EA 3,900.00 3,900.00
15 {FRP ELBOW 90 DIA. 300 2 EA 2,750.00 5,500.00
16 |FRP ELBOW 90 DIA. 200 9 EA 1,850.00 16,650.00
17 FR!;’ ELBOW 45 DIA. 450 1 EA 4,700.00 4,700.00
18 |[FRP ELBOW 45 DIA, 300 1 EA 1,700.00 1,700.00
19 {FRP ELBOW 45 DIA. 200 6 EA 1,150.00 6,900.00
20 |FRP FLANGE DIA. 600 3 EA 2,900.00 8,700.00
21 |FRP FLANGE DIA. 600 1 EA 2,100.00 2,100.00
22 [FRP REDUCER DIA. 600 => 300 1 EA 6,600.00] 6,600.00
23 |FRP REDUCER DIA. 450 => 350 1 EA 2,850.00, 2,850.00
24 |FRP REDUCER DIA. 350 => 300 1 EA 2,400.00| 2,400.00
25 |FRP REDUCER DIA. 300 => 200 3 EA 1,700.00 5,100.00
26 |FRP HOOD DIA. 250 7 EA 2,100.00 14,700.00
27 {FRP HOOD DIA. 150 1 EA 1,200.00 1,200.00
28 |FRP ADAPTER SIZE. 456 X 695 => 600 (W/F 456 x 695 ) i EA 6,900.00 6,900.00
29 |PVC FLEXIBLE (IN-OUTLET BLOWER) 2 EA 2,000.00| 4,000.00
30 {FRP DAMPER DIA. 600 1 EA 11,800.00 11,800.00
31 JTRANSPORTATION 1 Lot 18,000.00 18,000.00
32 |MOBILE CRANE 1 Lot 12,000.00 12,000.00
33 [TRAVELLING 1 Lot 10,000.00 10,000.00
34 |[ACCESSORIES 1 Lot 15,000.00 15,000.00
35 |OVERLAY JOINTS 1 Lot 27,000.00 27,000.00
36 |STEEL SUPPORT 1 Lot 25,000.00 25,000.00
37 |SLING SUPPORT 1 Lot 5,000.00 5,000.00
38 [INSTALLATION 1 Lot 50,000.00 50,000.00
39 |[ELECTRICAL SYSTEM 1 Lot 74,500.00 74,500.00
40 |PVC PIPING SYSTEM i Lot 25,000.00 25,000.00
Term & Conditions
30 % DOWN PAYMENT
50 % MATERIAL ON SITE PRICE 1,155,850.00
20% TEST RUN SYSTEM VAT 7% 80,909.50

TOTAL

1,236,759.50
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Structure of SimaPro database
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SimaPro Libraries

Method library:
Methods: 14 Impact assessment methods

General libraries:

Australian data library: (Swiss) data for Packaging (1998)
Buwal 250: (Swiss) data for Packaging (1998)

ETH-ESU (Swiss): Energy production for Europe (looped and system).

Ecoinvent is the follow up of this dataset

Franklin: USA data for materials, energy and transport

Idemat 2001: Material production. Most worldwide data. Recycling data only
for Europe.

Industry data: Plastics, European data. Collected by industries.

LCA Food DK: data on basic food products produced and consumed in

Denmark

Relationships Among “Building Blocks”

Life Cycle -
i

h A 8
Assembly

Lol

Inputs from | Inputs from
Technosphere Technosphere
3 .

Inputs from Nature Emissions

UBSTANCES

S



SimaPro Explorer: General data
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