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Table 1. Valid Certification in Green Certification

Number of
Certification Fields Group |Sub-group | Technologies Valid
Certification
01 Renewable Energy 9 51 238 62
02 Carbon Reduction 10 69 269 158
03 High-Tech Water Resources 9 35 152 58
04 Green IT 15 71 424 127
05 Green Vehiclesd Ships 8 24 205 28
06 High-Tech Green House / City 4 18 100 57
07 Advanced Materials 14 52 165 29
08 Clean Production 4 11 116 33
9 Eco-Friendly Agricuttural And Fishery Food| 6 23 113 23
10 Erwironmental Protection and Preservation | 8 33 121 332
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Ci=2C,j=2Mj - Ej

g-eq/g
Cij = 5535 j7F YEFHT 1o A& J&ge a7]

=

Ak o 7 39 W= & 2 (Abiotic resource depletion, ARD),
A 2 3HGlobal Warming, GW), 2.5 3172 (0Ozone Depletion, OD), 2}
A} 3} (Acidification, AC), %< %3} (Eutrophication, EU), #3}34 213}&
A A (Photochemical Oxidant Creation, POC), A Bl 54 (Eco Toxicity, ET),
Q1A 54 (Human Toxicity, HT) &°lH, & dAFdA = = 434 1A
Ao A AREH L = 6 AE B 543 HE (factor) & A& oW

th&9] Table 2.0 7l&E&4d 2 Fuids iAo

Table 2. The Reference of Characterization DB

Reference
Impact Category material Reference
. Reserve-to—use base value of Guinee &
Resource depletion Sh Heijungs(1995)
. 100 year base value of IPCC 3rd
Global warming CO, report(2001)
Ozone depletion CFC-11 |World Meteorological Organization (1998)
Acidification SO, Hauschild & Wenzel(1998)
Eutrophication PO Heijungs et al (1998)
Photochermcgl oxidant CH, Jenkin & Heyman(1999)
creation
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2 AFol A= Bag filter®} Cy-bag filterl thst &7 dlolHE

TR 7] flete] AA st AL E WEste] volEE SE ST

TR doleE 2454, dyA] 4] 5o gk 135S 53 71w ol
Gate to Gate H|o|HE 2 sA ) Hgk 3747

3t AZE9 O (TOTAL Ver5.0.1)E &85} Gate

B} 459155 dolg ol (S A SRS 2 SR

o o] o] E
o] ~)E AAS Y] AHPAHESS 2451 Table 3.9F Table 4.0 HZ &4
S 1Im’ 7|EE 808 32ksle] Gate to Gate "o E]E YEM QT
Table 3. GtoG Input of Bag filter/Cy-bag filter process in this study
Input Unit Bag filter |Cy-bag filter
Air m® 1.000E+00 1.000E+00
Electricity kWh 7.058E-04 4.950E-04
Polyethylene(PE) kg 1.792E-06 1.233E-07

Table 4. GtoG Output of Bag filter/Cy-bag filter process in this study

Output Unit Bag filter |Cy-bag filter
Air m? 1.000E+00 1.000E+00
Polyethylene(PE) kg 1.792E-06 1.233E-07
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41 AAAH} 2EEY A%

3= ARG 7 B2RAS #3515 0, Table 5.9 Table 6.9

LCI 232 yERl .

Table 5. Results of LCI in Bag filter process

Life Cycle Inventory
Path | Catagory

substance unit amount
Fd= Rl air m3 1.00E+00
FU= 2 air kg 4.00E-07
FU= 2 aluminium(Al) kg 1.22E-09
FAE A ancillary material(unspecified) kg 1.39E-09
FA=E 2+ barium(Ba) kg 2.90E-13
Fd= Rl baryte(BaSO4) kg 2.90E-10
FU= 2 bentonite kg 1.87E-11
FE 2 calcium carbonate(CaCO3) kg 2.54E-42
FAE A1 calcium fluoride(CaF2) kg 1.38E-13
T E 2l calcium sulfate(CaS04) kg 5.08E-14
FAE 2 carbon(C) kg 2.31E-14
FU= 2 chromium(Cr) kg 557E-17
FUE 242 clay kg 357E-11
o= 24 copper(Cu) kg 1.29E-15
FA=E 2+ crude oil kg 6.98E-06
Fd= Rl dolomite(CaMg(CO3)) kg 8. 77E-13
FU= 2 ethanol amine kg 1.36E-21
FE 2 feldspar kg 3.04E-48
o= 24 ferro manganese(Fe-Mn) kg 2.02E-16
FAE 2 ferrous sulfate(FeSO4) kg 3.15E-18
FAE A fluorspar(CaF2) kg 8.34E-17
FAE ] fossil energy kg 1.32E-12




Life Cycle Inventory

Path | Catagory

substance unit amount
FAE 2+ granite kg 461E-20
FA=E 2+ gravel kg 6.93E-12
FE 2 hard coal kg 3.48E-05
FH= 2+ industrial waste m3 2.13E-10
FU= 2 iron ore kg 3.12E-12
FU= 2 iron(Fe) kg 9.88E-12
Fd= Rl kaolin kg 8.95E-15
FAE 2 lead ore kg 2.86E-16
FA=E 2+ lead(Pb) kg 1.33E-15
FAE 2+ limestone kg 9.90E-11
FE 2 manganese ore kg 3.25E-17
FE 2 natural gas kg 4.60E-06
FU= 2 nickel ore kg 1.89E-17
FU= 2 nickel(Ni) kg 9.49E-17
FAE A nitrogen(N2) kg 2.28E-12
Fd= Rl olivin kg 247E-16
FA=E 2+ olivin kg 1.67E-15
FAdE 2l oxygen(02) kg 3.71E-15
FE 2 peat kg 8.40E-16
FAE =z phosphate(PO43-) kg 2.49E-11
FAE A phosphorus oxide(P205) kg 1.28E-18
A& A potassium chloride(KCl) kg 2.71E-19
FAE A pyrite ore kg 4.65E-13
Fd= Rl raffinate kg 1.74E-18
FA=E 2+ sand(Si02) kg 1.30E-11
FA=E 2+ shale kg 3.19E-16
FUE 242 silver(Ag) kg 1.41E-18
FAE A sodium chloride(NaCl) kg 4.33E-09
FU= 2 sodium(Na) kg 5.98E-14
FU= 2 soft coal kg 2.03E-10
FAE 2 sulfur(S) kg 6.79E-11
FUE 2 titanium dioxide(TiO2) kg 3.65E-42
FA=E 2+ uranium(U) kg 2.44E-09
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Life Cycle Inventory

Path | Catagory

substance unit amount
FAE 2+ water(unspecified) kg 3.96E-05
FA=E 2+ wood kg 5.65E-10
FE 2 zinc ore kg 1.88E-15
FUE 242 zinc(Zn) kg 1.24E-15
FE | 4/FAA 1-amino—-2-propanol kg 8.15E-23
FAE | A/5FAA aluminum sulfate(Al2(S04)3) kg 4.58E-14
FAE | 4/H5AA ammonia(NH3) kg 3.01E-16
FAE | 4/5AA ammonium hydroxide(H5NO) kg 6.08E-15
F9E | 4/FAA ancillary material(unspecified) kg 1.00E-06
FAE | A/5AA barium chloride(BaCl2) kg 5.13E-13
FUE | A/FAA | calcium hypochlorite(Ca(OCD2) | kg 1.22E-21
FAE | 4/FAA cellulose((C6H1005)n) kg 1.03E-18
FE | 4/FAA cyclohexyl amine kg 8.03E-23
FE | 4/FAA ethylene glycol kg 2.46E-19
FAE | 4/H5AA ferric chloride(FeCl3) kg 8.83E-15
FAE | 4/5AA ferrous sulfate(FeSO4) kg 2.01E-18
FUE | A/5AA hydrazine(H4N2 ) kg 9.31E-17
FYUE | A/5AA hydrogen chloride(HCI) kg 2.18E-11
EAE | A/5-AA hydrogen chloride(Hcl,12.5%) kg 8.94E-14
FAE | 4/FAA hydrogen chloride(HC1,35%) kg 1.56E-12
FE | 4/FAA hydrogen peroxide(H202) kg 6.78E-14
Ed& | 4/%AA | magnesium hydroxide(H2MgO2) | kg 6.23E-15
FJE | 4/%AA | poly aluminium chloride(PAC) kg 1.94E-24
EAE | 4/FAA potassium chloride(KCl) kg 4.65E-14
EAE | A/5AA potassium hydroxide(KOH) kg 4.96E-19
FAE | A/5FAA raffinate kg 2.85E-12
FAE | A/FEAA sodium carbonate(Na2CO3) kg 2.93E-12
EAE | A/5-AA sodium hydrogensulfite kg 5.03E-15
FE | 4/FAA sodium hydroxide(NaOH) kg 7.74E-15
FAE | A/5FAA sodium hydroxide(NaOH,32%) kg 2.38E-16
FAE | /5 AA | sodium hydroxide(NaOH,50%) kg 2.42E-11
FAE | /5 AA | sodium metaphosphate(NaPO3) kg 5.82E-16
EAE | A/5EAA sodium pyrosulphite kg 8.56E-16

_25_



Life Cycle Inventory

Sk | CREEy substance unit amount
FAE | A/5FAA sodium sulfate(Na2S04) kg 1.31E-13
FAE | A/5FAA sodium sulfite(Na2S03) kg 3.67E-13
FAE | 4/FAA sulfuric acid(H2SO 4,55%) kg 8.33E-21
FAE | 4/5FAA sulfuric acid(H2SO 4,6%) kg 6.13E-16
FAE | A/5FAA sulfuric acid(H2SO 4,96%) kg 1.72E-13
FAE | 4/5FAA sulfuric acid(H2S04) kg 6.43E-14
FAE | 4/5FAA Sulfuric acid(H2504,98%) kg 1.91E-13
FAE | 4/5AA tetra butyl merchaptan kg 151E-17
FAE | A/5FAA tetrachloroethylene kg 2.17E-19
FAE | 4/5FAA tetrahydrothiophene kg 3.52E-17
FAE SIRERY energy(unspecified) kg 1.38E-08
AEE (AE/ A air m3 1.00E+00
AEE | O7EE acetaldehyde kg 3.02E-11
AEE | OVMEE acetic acid kg 1.89E-19
AEE | O7NEE acetone kg 1.23E-15
AEE | O7IEE acetylene kg 8.72E-19
dEE | U7IMEE air kg 1.46E-09
dEE | U7IMEE air emission(unspecified) kg 1.30E-06
dEE | U7IHEE aldehydes kg 2.05E-16
dEE | U7 EE alkanes kg 2.82E-12
AEE | O7MEE alkenes kg 7.71E-14
AEE | O7EE alkynes kg 4.74E-19
AEE | O7MEE aluminium(Al) kg 3.66E-17
AEE | O7NEE ammonia(NH3) kg 2.22E-10
=S | Y7]wlEE | ammonium nitrate(NH4NO3) kg 4.10E-20
MEE | UNEE antimony(Sb) kg 6.80E-19
dEE | U7IMEE AOX kg 1.40E-29
AdEE | U7IMEE aromatic matter kg 4.30E-13
AEE | O7MEE arsenic(As) kg 4.08E-16
AEE | O7MEE barium(Ba) kg 1.78E-13
AEE | O7NEE benzaldehyde kg 854E-23
AEE | O7MEE benzene kg 8.82E-14
MEE | UNEE benzolalpyrene kg 4.06E-17
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Life Cycle Inventory
Path | Catagory

substance unit amount
dEE | U7MEE beryllium(Be) kg 1.95E-19
EE | U7MEE boron(B) kg 2.03E-15
dEE | U7IMEE bromine(Br) kg 4.03E-17
dEE | U7IMEE but-1-ene kg 1.79E-15
AEE | O7MEE butadiene rubber kg 1.24E-18
AEE | O7MEE cadmium(Cd) kg 1.70E-15
AEE | O7MEE calcium(Ca) kg 2.64E-15
AEE | O7NEE carbon dioxide(CO2) kg 9.86E-05
dEE | U7MEE carbon disulfide(CS2) kg 8.86E-25
dEE | U7MEE carbon monoxide(CO) kg 1.75E-07
AdEE | U7IMEE CFC-11 kg 6.71E-18
AdEE | U7IMEE CFC-114 kg 6.87E-18
AdEE | U7IMEE CFC-12 kg 1.44E-18
AdEE | U7IMEE CFC-13 kg 9.06E-19
AdEE | U7IMEE CFCs kg 441E-18
AEE | O7IMEE chloride(Cl-) kg 3.94E-17
FEE | U7MEE chlorinated matter kg 3.78E-19
FEE | U7MEE chlorine(Cl) kg 4.13E-14
AdEE | U7IMEE chromium(Cr) kg 5.16E-16
AdEE | U7 EE coal tar kg 5.33E-18
AEE | OVMEE cobalt(Co) kg 1.01E-15
AEE | OVMEE copper(Cu) kg 1.52E-15
AdEE | U7IWMEE cyanide(CN-) kg 2.31E-19
AEE | O7NEE dichloroethylene kg 451E-25
FEE | U7MEE dioxins(TCDD) kg 5.07E-21
FEE | U7MEE dissolved organic matter kg 1.05E-12
AdEE | U7IMEE dust kg 2.17E-08
dEE | U7IMEE ethane kg 4.18E-12
AEE | O7MEE ethanethiol kg 1.60E-21
AEE | O7MEE ethanol kg 2.45E-15
AEE | O7EE ethylbenzene kg 1.73E-14
AEE | O7IEE ethylene kg 1.58E-09
dEE | U7MEE exhaust kg 1.26E-08
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Life Cycle Inventory
Path | Catagory

substance unit amount
FEE | U7MEE fluoride(F-) kg 1.27E-16
dEE | U7MEE fluorine(F) kg 2.45E-20
dEE | U7 EE formaldehyde kg 4.80E-15
AdEE | U7 EE halogenated matter kg 2.81E-18
AEE | O7MEE halon-1301 kg 5.60E-15
AdEE | U7IMEE HCFC-22 kg 1.58E-18
AEE | O7EE heavy metals kg 6.24E-15
AEE | O7IEE heavy oil kg 2.81E-09
dEE | U7MEE helium(He) kg 1.12E-12
FEE | U7IMEE hydrocarbons kg 1.99E-07
AEE | O7MEE hydrogen chloride(HCI) kg 1.30E-12
AEE | O7MEE hydrogen cyanide(HCN) kg 5.72E-21
AEE | O7MEE hydrogen fluoride(HF) kg 9.83E-13
AEE | O7EE hydrogen sulfide(H2S) kg 2.88E-13
AEE | O7EE hydrogen(H2) kg 1.45E-12
AEE | O7NEE industrial waste kg 7.96E-17
dEE | U7IMEE iodine(I) kg 5.29E-19
dEE | U7IMEE iron(Fe) kg 6.42E-15
dEE | U7IMEE lanthanide kg 4.14E-19
AdEE | U7IMEE lanthanum(La) kg 5.30E-21
AdEE | U7IMEE lead(Pb) kg 3.46E-15
AEE | O7EE magnesium(Mg) kg 1.47E-17
AEE | O7IEE manganese(Mn) kg 3.11E-16
AEE | O7EE mercury(Hg) kg 1.96E-16
NdEE | U7MEE metals kg 3.11E-14
FEE | U7IMEE methane kg 7.04E-08
AdEE | U7IMEE methanol kg 4.16E-15
dEE | U7IMEE mica kg 7.95E-17
AEE | OVMEE molybdenum(Mo) kg 5.01E-16
AdEE | U7IMEE n—butane kg 9.86E-13
AEE | O7EE n-heptane kg 1.79E-14
AEE | O7INEE n-hexane kg 3.56E-14
FEE | U7MEE nickel(Ni) kg 3.70E-14
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Life Cycle Inventory

Path

substance unit amount
AEE nitric acid(HNO3) kg 6.48E-18
MNEE nitrogen oxides(NOx) kg 2.40E-07
A5 nitrogen(N2) kg 854E-17
NEE nitrous oxide(N20) kg 1.12E-09
NEE NMVOC kg 7.37E-10
ArEE n-pentane kg 1.02E-13
A5 off-gas kg 5.34E-09
NEE oil kg 7.61E-18
NEE PAHs kg 3.45E-16
NEE perfluoromethane(CF4) kg 6.86E-20
MEeE phenol kg 3.40E-13
A5 phosphorus oxide(P205) kg 1.01E-22
NEE phosphorus(P) kg 461E-19
NEE potassium(K) kg 1.50E-16
MEE propane kg 1.33E-12
AEE propene kg 357E-15
MNEE propionaldehyde kg 2.35E-22
NEE propionic acid kg 7.65E-17
NEE scandium(Sc) kg 2.37E-19
AEE selenium(Se) kg 4.23E-16
AEE sodium(Na) kg 1.70E-14
MNEE strontium(Sr) kg 7.12E-18
NEE sulfur dioxide(SO2) kg 2.80E-10
NEE sulfur oxides(SOx) kg 3.23E-07
AEE sulfuric acid(H2S04) kg 2.19E-19
A5 t-butyl acetate kg 6.52E-15
NEE thallium(T1) kg 1.12E-19
NEE thiols kg 2.05E-20
NEE thorium(Th) kg 3.39E-21
MEE tin(Sn) kg 1.57E-18
MNEE titanium(T1) kg 4.21E-17
NEE toluene kg 1.07E-13
MNEE uranium(U) kg 3.29E-21
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Life Cycle Inventory

Path | Catagory

substance unit amount
AdEE | U7IWMEE vanadium(V) kg 8.05E-14
AEE | O7IEE vinyl chloride kg 3.01E-25
AdEE | U7IMEE VOCs kg 3.46E-09
EE | YeEE water emission(unspecified) kg 1.80E-21
FEE | U7MEE xylene kg 6.92E-14
AEE | O7NEE zinc(Zn) kg 2.10E-11
AEE | O7MEE zirconium(Zr) kg 2.52E-21
NEE | FAMEE acid(H+) kg 4.40E-13
NdEE | FAMEE aldehydes kg 1.58E-18
EE | FANMEE alkanes kg 1.22E-13
AEE | FANEE alkenes kg 1.13E-14
AEE | FANEE aluminium(Al) kg 2.06E-10
NEE | FANEE aluminium3 +(AlI3+) kg 6.82E-20
dEE | FAMEE ammonia(NH3) kg 2.06E-12
dEE | FANMEE ammonium(NH4+) kg 5.96E-11
&5 | FAEE | ancillary material(unspecified) kg 2.60E-15
dEE | FAMEE AOX kg 2.21E-15
NdEE | FAMEE aromatic matter kg 5.31E-13
dEE | FAMEE arsenic(As) kg 4.27E-15
AEE | FANEE barium(Ba) kg 2.62E-12
dEE | TFAWMEE baryte(BaSO4) kg 5.25E-14
AEE | FANEE benzene kg 3.48E-13
NdEE | FAMEE beryllium(Be) kg 2.35E-20
dEE | FANMEE bod kg 2.82E-10
AEE | FANEE boron(B) kg 153E-14
AEE | FANEE cadmium(Cd) kg 2.66E-13
AEE | FANEE calcium(Ca) kg 3.15E-11
NEE | FAMEE calcium++(Ca++) kg 3.46E-17
dEE | FAMEE carbonate(CO3--) kg 4.26E-15
AEE | FANEE cesium(Cs) kg 9.40E-16
AEE | FANEE chlorate ion(ClO3-) kg 8.34E-15
NdEE | FAMEE chloride(Cl-) kg 2.60E-07
MEE | FANMEE chlorinated matter kg 5.29E-17
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Life Cycle Inventory

Path | Catagory

substance unit amount
AEE | FANEE chlorine dioxide(ClO2) kg 7.63E-23
AEE | FANEE chlorine(Cl) kg 8.41E-16
AEE | FANEE chromium oxide(Cr203) kg 1.55E-25
NEE | FANEE chromium(Cr) kg 1.28E-11
dEE | FANMEE chromium3+(Cr3+) kg 1.62E-18
AEE | FANEE coal tar kg 7.62E-20
AEE | FANEE cobalt(Co) kg 2.40E-18
NdEE | FAMEE COD kg 1.94E-09
NEE | FANEE copper(Cu) kg 1.31E-14
dEE | FANMEE crude oil kg 1.25E-12
dEE | TFAWMEE cyanide(CN-) kg 4.15E-14
AEE | FANEE dichloroethylene kg 9.05E-28
NdEE | FAMEE dichloromethane kg 2.56E-17
dEE | FANMEE dissolved inorganic matter kg 8.66E-15
dEE | FANMEE dissolved organic matter kg 1.69E-14
AEE | FANEE dissolved solids kg 6.24E-07
MEE | FANEE ethylbenzene kg 6.37E-14
NdEE | FAMEE fluoride(F-) kg 1.44E-10
dEE | FANMEE fluorine(F) kg 1.50E-15
AEE | FANEE formaldehyde kg 1.14E-22
MEE | FANMEE heavy metals kg 1.25E-15
AEE | FANEE hexachloroethane kg 1.58E-26
NdEE | FAMEE hydrocarbons kg 1.33E-11
NEE | FAMEE hydrogen chloride(HCI) kg 2.04E-17
AEE | FAWMEE | hydrogen chloride(Hcl,12.5%) kg 2.69E-18
MEE | FANEE hydrogen fluoride(HF) kg 7.99E-25
MEE | FANEE hydrogen(H2) kg 5.27E-19
NdEE | FAMEE hypochlorite(C1O-) kg 2.69E-18
dEE | FANMEE industrial waste kg 4.75E-13
dEE | TFAWMEE iodine(I) kg 9.40E-14
AEE | FANEE iron(Fe) kg 5.60E-11
NEE | FANEE iron++(Fe++) kg 755E-19
dEE | FAMEE lead(Pb) kg 1.04E-14
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Life Cycle Inventory

Path | Catagory

substance unit amount
AEE | FANEE limestone kg 4.94E-15
MEE | FANEE magnesium(Mg) kg 8.54E-13
MEE | FANEE magnesium++(Mg++) kg 1.84E-19
NdEE | FAMEE manganese(Mn) kg 1.67E-11
NEE | FAMEE mercury(Hg) kg 1.99E-15
AEE | FANEE metal ions kg 1.87E-12
AEE | FANEE metals kg 1.61E-11
NdEE | FAMEE methanol kg 6.13E-17
NEE | FAMEE methyl chloride kg 3.46E-14
dEE | FANMEE molybdenum(Mo) kg 4.08E-16
AEE | FANEE neutral salt kg 7.49E-14
AEE | FANEE n-hexane kg 8.04E-15
NdEE | FAMEE nickel(Ni) kg 2.13E-12
dEE | FANMEE nickel++(Ni++) kg 2.550E-19
dEE | FAMEE nitrate(NO3-) kg 361E-11
dEE | TFAWMEE nitrite(NO2-) kg 6.67TE-19
MEE | FANEE nitrogen(N2) kg 1.18E-12
NdEE | FAMEE nitrogenous matter kg 1.34E-10
dEE | FAMEE oil kg 5.19E-09
NEE | TFAMEE PAHs kg 1.81E-13
dEE | TFAWMEE phenol kg 3.04E-12
AEE | FANEE phoshorous matter kg 3.74E-12
NdEE | FAMEE phosphate(PO43-) kg 8.30E-13
NEE | FAMEE phosphorus oxide(P205) kg 5.74E-18
MEE | FANMEE phosphorus(P) kg 4.07E-16
AEE | FANEE potassium(K) kg 4.70E-12
AEE | FANEE potassium+(K+) kg 7.93E-21
NdEE | FAMEE rubidium(Rb) kg 9.40E-15
dEE | FAMEE sand(Si02) kg 9.23E-18
AEE | FANEE selenium(Se) kg 3.94E-16
MEE | FANMEE silver(Ag) kg 1.59E-15
NdEE | FAMEE sodium chloride(NaCl) kg 1.01E-15
dEE | FAMEE sodium(Na) kg 4.10E-10
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Life Cycle Inventory

Path | Catagory

substance unit amount
AEE | FANEE sodium+(Na+) kg 459E-11
AEE | FANEE solvent kg 1.60E-14
AEE | FANEE strontium(Sr) kg 2.66E-11
NdEE | FAMEE sulfate(SO4--) kg 5.82E-08
dEE | FANMEE sulfide(S--) kg 1.81E-14
AEE | FANEE sulfur(S) kg 3.87E-17
MEE | FANEE sulphite(So3--) kg 1.09E-17
NdEE | FAMEE suspended solid(SS) kg 4.96E-09
NEE | FAMEE tetrachloroethylene kg 3.85E-23
dEE | FAMEE thallium(T1) kg 1.97E-23
dEE | TFAWMEE tin(Sn) kg 6.37TE-22
AEE | FANEE titanium(T1) kg 9.86E-17
NEE | FAMEE TOC kg 2.3bE-11
dEE | FANMEE toluene kg 2.92E-13
dEE | FANMEE trichloroethylene kg 2.39E-21
AEE | FANEE trichloromethane(CHCI3) kg 9.06E-21
MEE | FANEE triethylene glycol kg 2.95E-15
NdEE | FAMEE vanadium(V) kg 3.96E-16
dEE | FANMEE vinyl chloride kg 4.75E-45
dEE | TFAMEE VOCs kg 3.29E-13
AEE | FANEE water emission(unspecified) kg 4.12E-06
MEE | FANEE water(unspecified) kg 9.81E-06
NdEE | FAMEE xylene kg 2.49E-12
dEE | FAMEE zinc(Zn) kg 7.80E-12
AEE | FANEE zinc++(Zn++) kg 8.59E-22
AEE | EYHEE aluminium(Al) kg 3.70E-15
AEE | EYHEE arsenic(As) kg 1.48E-18
AEE | ESEE cadmium(Cd) kg 6.69E-22
ANEE | ESEE calcium(Ca) kg 1.48E-14
MEE | EYHEE carbon(C) kg 1.11E-14
AEE | EYHEE chromium(Cr) kg 1.86E-17
AEE | ESEE cobalt(Co) kg 6.79E-22
AEE | EYHEE copper(Cu) kg 3.39E-21
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Life Cycle Inventory

Path | Catagory

substance unit amount
MEE | EYHEE dust kg 9.89E-12
AEE | EYHEE iron(Fe) kg 7.39E-15
MEE | EYEE lead(Pb) kg 1.56E-20
ANEE | EYHEE manganese(Mn) kg 1.48E-16
AEE | EYHEE mercury(Hg) kg 1.23E-22
MEE | EYIEE nickel(Ni) kg 5.10E-21
AEE | EYHEE nitrogen(N2) kg 5.79E-20
NEE | EdaEE oil kg 2.20E-17
AEE | ESEE phosphorus(P) kg 1.86E-16
ANEE | ESEE sulfur(S) kg 2.22E-15
MEE | EYHEE zinc(Zn) kg 5.56E-17
MNEE H71&E hazardous waste kg 2.66E-06
EE | AVE industrial waste kg 5.90E-05
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Table 6. Results of LCI in Cy-bag filter process

Life Cycle Inventory
Path | Catagory

substance unit amount
U= 2 air kg 2. 15E-08
FUE 2 aluminium(Al) kg 1.52E-10
FUE A ancillary material(unspecified) kg 9.66E-10
FU= 2+ barium(Ba) kg 1.99E-14
FUE A baryte(BaSO4) kg 2.00E-11
FE 2 bentonite kg 1.28E-12
FUE 2 calcium carbonate(CaCO3) kg 1.75E-43
FU= 2 calcium fluoride(CaF2) kg 953E-15
FU= 2+ calcium sulfate(CaSO4) kg 3.50E-15
FUE 2 carbon(C) kg 1.59E-15
FU= A chromium(Cr) kg 3.83E-18
FU= 2+ clay kg 2.45E-11
FU= 2 copper(Cu) kg 8.85E-17
FE 2 crude oil kg 3.18E-06
4= A dolomite(CaMg(CO3)) kg 6.04E-14
FU= 2 ethanol amine kg 9.37E-23
FU= 2+ feldspar kg 2.09E-49
FUE 2 ferro manganese(Fe-Mn) kg 1.39E-17
FE 2 ferrous sulfate(FeSO4) kg 2.17E-19
U= 24 fluorspar(CaF2) kg 5.74E-18
FU= 2 fossil energy kg 9.05E-14
FE 2 granite kg 3.17E-21
4= A gravel kg 477E-13
FU= 2 hard coal kg 2.42E-05
FHdE 2 industrial waste m3 1.47E-11
FUE 2 iron ore kg 2.15E-13
FE 2 iron(Fe) kg 2.04E-12
FUa= 2+ kaolin kg 6.16E-16
FU= 2 lead ore kg 1.97E-17
FU= 2 lead(Ph) kg 9.13E-17
FUE 2 limestone kg 6.31E-11
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Life Cycle Inventory

Path | Catagory

substance unit amount
FE 2 manganese ore kg 2.23E-18
FUE A natural gas kg 3.11E-06
FUE 2 nickel ore kg 1.30E-18
FU= 2+ nickel(Ni) kg 6.53E-18
FUE A nitrogen(N2) kg 1.57E-13
FUE 2 olivin kg 1.70E-17
FU= 24 olivin kg 1.15E-16
FU= A oxygen(02) kg 2.55E-16
FU= 2 peat kg 5.78E-17
Y= A phosphate(PO43-) kg 1.71E-12
FUE A phosphorus oxide(P205) kg 8.79E-20
4= A9l potassium chloride(KCl) kg 1.87E-20
FUE 2 pyrite ore kg 3.20E-14
FU= 2+ raffinate kg 1.20E-19
FE il sand(Si02) kg 1.73E-12
FU= 2 shale kg 2.19E-17
FU= 2+ silver(Ag) kg 9.70E-20
FE 2 sodium chloride(NaCl) kg 2.07E-09
FU= 2 sodium(Na) kg 4.11E-15
FUE 2 soft coal kg 1.40E-11
FHdE 2 sulfur(S) kg 467E-12
FE 2 titanium dioxide(TiO2) kg 2.51E-43
FUE 2 uranium(U) kg 1.69E-09
FUa= 2+ water(unspecified) kg 5.30E-06
T E 2 wood kg 3.92E-11
FU= 2 zinc ore kg 1.29E-16
FUE 2 zinc(Zn) kg 851E-17
FUE | A/FAA 1-amino-2—-propanol kg 5.61E-24
FUE | /FEAA air m3 1.00E+00
FAE | /5FAA aluminum sulfate(Al2(S04)3) kg 3.15E-15
FAE | /FAA ammonia(NH3) kg 2.07E-17
FAE | /FAA ammonium hydroxide(H5NO) kg 4.18E-16
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Life Cycle Inventory

Path | Catagory

substance unit amount
F9E | 9/2xA4 | ancillary material(unspecified) kg 6.89E-08
FUE | /FAA barium chloride(BaCl2) kg 3.53E-14
FAE | 9/5%A | calcium hypochlorite(Ca(OC1)2) kg 8.41E-23
FAE | /FAA cellulose((C6H1005)n) kg 7.10E-20
FAE | /FAA cyclohexyl amine kg 5.52E-24
FAE | /5FAA ethylene glycol kg 1.69E-20
FAE | /FAA ferric chloride(FeCl3) kg 6.03E-16
FAE | A/FAA ferrous sulfate(FeSO4) kg 1.38E-19
FAE | /FAA hydrazine(H4N2 ) kg 6.41E-18
FAE | /5FAA hydrogen chloride(HCI) kg 1.50E-12
FAE | /FAA hydrogen chloride(Hcl,12.5%) kg 6.15E-15
FAE | /FAA hydrogen chloride(HCI,35%) kg 1.07E-13
FUE | A/FAA hydrogen peroxide(H202) kg 4.67E-15
E9d5 | 9/%xA4 | magnesium hydroxide(H2MgO2) | kg 4.29E-16
FUE | 4/53AA | poly aluminium chloride(PAC) kg 1.34E-25
FAE | /FAA potassium chloride(KCl) kg 3.20E-15
FAE | /FAA potassium hydroxide(KOH) kg 3.41E-20
FAE | /FAA raffinate kg 1.96E-13
FUE | /FAA sodium carbonate(Na2CO3) kg 2.02E-13
FAE | /5FAA sodium hydrogensulfite kg 3.46E-16
FAE | /FAA sodium hydroxide(NaOH) kg 5.32E-16
FdE | 9/3&A | sodium hydroxide(NaOH,32%) kg 1.63E-17
FAE | 9/52%A | sodium hydroxide(NaOH,50%) kg 1.66E-12
F9E | /324 | sodium metaphosphate(NaPO3) kg 4.01E-17
FAE | /FAA sodium pyrosulphite kg 5.89E-17
FUE | /FAA sodium sulfate(Na2S04) kg 9.01E-15
FUE | A/FAA sodium sulfite(Na2S03) kg 2.52E-14
FYUE | A/FAA sulfuric acid(H2SO 4,55%) kg 5.73E-22
FUE | 4/FAA sulfuric acid(H2SO 4,6%) kg 4.21E-17
FUE | A/FAA sulfuric acid(H2SO 4,96%) kg 1.18E-14
FYUE | A/FAA sulfuric acid(H2S04) kg 4.42E-15
FAE | A/5FAA Sulfuric acid(H2504,98%) kg 1.32E-14
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Life Cycle Inventory

Path | Catagory

substance unit amount
FAE | /FAA tetra butyl merchaptan kg 1.04E-18
FUE | /FAA tetrachloroethylene kg 1.49E-20
FAE | /5FAA tetrahydrothiophene kg 2.42E-18
FYE o 4 %] energy(unspecified) kg 9.47E-10
AEE (AE/ A air m3 1.00E+00
MAEE | U7HEE acetaldehyde kg 2.10E-11
dpEE d7IEE acetic acid kg 1.30E-20
dEE | UVINEE acetone kg 8.43E-17
MEE | UMEE acetylene kg 6.00E-20
AdEE (U7 EE air kg 1.01E-10
MAEE | UMEE air emission(unspecified) kg 8.95E-08
MEE | H7IMEE aldehydes kg 1.41E-17
AdEE | U7INEE alkanes kg 1.94E-13
dbEE (d7IEE alkenes kg 5.31E-15
dEE | U7INEE alkynes kg 3.26E-20
AEE | O7HMEE aluminium(Al) kg 2.52E-18
dEE (dVIMEE ammonia(NH3) kg 1.54E-10
A= |di7]vlE%E | ammonium nitrate(NH4NO3) kg 2.82E-21
MEE | UIMEE antimony (Sh) kg 4.68E-20
AdEE (U7 EE AOX kg 9.64E-31
dpEE (d7IEE aromatic matter kg 5.75E-14
MAEE | UMEE arsenic(As) kg 2.81E-17
MAEE | U7HEE barium(Ba) kg 1.23E-14
dEE | UVIMEE benzaldehyde kg 5.87E-24
dEE | U7INEE benzene kg 1.36E-14
MEE | UEE benzolalpyrene kg 2.80E-18
AEE | UVIMEE beryllium(Be) kg 1.34E-20
dpEE (dVIEE boron(B) kg 1.40E-16
AEE | U7HMEE bromine(Br) kg 2.77E-18
MAEE | U7HEE but-1-ene kg 1.23E-16
dbEE (d7IEE butadiene rubber kg 8.53E-20
dEE | U7INEE cadmium(Cd) kg 5.49E-16
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Life Cycle Inventory

Path

substance unit amount
NEE calcium(Ca) kg 1.82E-16
NEE carbon dioxide(CO2) kg 6.72E-05
NEE carbon disulfide(CS2) kg 6.09E-26
NEE carbon monoxide(CO) kg 1.80E-08
NEE CFC-11 kg 4.62E-19
NEE CFC-114 kg 4.73E-19
NEE CFC-12 kg 9.92E-20
VEE CFC-13 kg 6.23E-20
NEE CFCs kg 3.03E-19
NEE chloride(Cl-) kg 2.71E-18
NEE chlorinated matter kg 2.60E-20
NEE chlorine(Cl) kg 2.86E-14
NEE chromium(Cr) kg 3.55E-17
NEE coal tar kg 3.67E-19
NEE cobalt(Co) kg 6.96E-17
MEE copper(Cu) kg 1.04E-16
NEE cyanide(CN-) kg 1.59E-20
NEE dichloroethylene kg 3.10E-26
NEE dioxins(TCDD) kg 3.49E-22
NEE dissolved organic matter kg 7.23E-14
NEE dust kg 1.49E-08
NEE ethane kg 2.87E-13
NEE ethanethiol kg 1.10E-22
NEE ethanol kg 1.69E-16
VEE ethylbenzene kg 1.19E-15
MEE ethylene kg 1.09E-10
NEE exhaust kg 8.67E-10
NEE fluoride(F-) kg 8.71E-18
NEE fluorine(F) kg 1.69E-21
NEE formaldehyde kg 3.30E-16
NEE halogenated matter kg 1.96E-18
NEE halon-1301 kg 5.27E-16
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Life Cycle Inventory

Path

substance unit amount
NEE HCFC-22 kg 1.09E-19
MEE heavy metals kg 4.29E-16
AEE heavy oil kg 1.94E-10
NEE helium(He) kg 7.70E-14
MEE hydrocarbons kg 1.39E-07
NEE hydrogen chloride(HCI1) kg 6.79E-13
NEE hydrogen cyanide(HCN) kg 3.93E-22
NEE hydrogen fluoride(HF) kg 6.43E-13
MEE hydrogen sulfide(H2S) kg 1.98E-14
rEE hydrogen(H2) kg 1.00E-13
NEE industrial waste kg 5.47E-18
NEE iodine(I) kg 3.64E-20
NEE iron(Fe) kg 4.42E-16
NEE lanthanide kg 2.85E-20
NEE lanthanum(La) kg 3.65E-22
MNEE lead(Pb) kg 1.28E-15
NEE magnesium(Mg) kg 1.01E-18
NEE manganese(Mn) kg 1.83E-16
MEE mercury (Hg) kg 850E-17
NEE metals kg 8.60E-15
NEE methane kg 4.86E-08
NEE methanol kg 2.86E-16
NEE mica kg 5.47E-18
NEE molybdenum(Mo) kg 3.45E-17
NEE n-butane kg 6.78E-14
MEE n-heptane kg 1.23E-15
NEE n-hexane kg 2.45E-15
NEE nickel(Ni) kg 1.30E-14
NEE nitric acid(HNO3) kg 4.46E-19
NEE nitrogen oxides(NOx) kg 1.64E-07
NEE nitrogen(N2) kg 5.88E-18
NEE nitrous oxide(N20) kg 2.67E-10
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Life Cycle Inventory

Path

substance unit amount
NEE NMVOC kg 5.07E-11
MEE n-pentane kg 7.02E-15
AEE off-gas kg 3.68E-10
NEE oil kg 5.23E-19
NEE PAHs kg 9.24E-17
AEE perfluoromethane(CF4) kg 4.72E-21
NEE phenol kg 2.37E-13
NEE phosphorus oxide(P205) kg 6.94E-24
MEE phosphorus(P) kg 3.17E-20
AEE potassium(K) kg 1.04E-17
NEE propane kg 9.12E-14
MEE propene kg 2.46E-16
rEE propionaldehyde kg 1.62E-23
NEE propionic acid kg 5.26E-18
NEE scandium(Sc) kg 1.63E-20
NEE selenium(Se) kg 291E-17
NEE sodium(Na) kg 1.17E-15
NEE strontium(Sr) kg 490E-19
NEE sulfur dioxide(SO2) kg 1.93E-11
NEE sulfur oxides(SOx) kg 2.24E-07
NEE sulfuric acid(H2S04) kg 1.51E-20
NEE t-butyl acetate kg 4.49E-16
NEE thallium(T1) kg 71.67E-21
NEE thiols kg 1.41E-21
NEE thorium(Th) kg 2.33E-22
MNEE tin(Sn) kg 1.08E-19
NEE titanium(T1) kg 2.90E-18
NEE toluene kg 7.36E-15
NEE uranium(U) kg 2.26E-22
NEE vanadium(V) kg 5.54E-15
NEE vinyl chloride kg 2.07E-26
NEE VOCs kg 2.41E-09
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Life Cycle Inventory

Path

substance unit amount
MEE water emission(unspecified) kg 1.24E-22
MEE xylene kg 4.76E-15
NEE zinc(Zn) kg 1.46E-11
NEE zirconium(Zr) kg 1.74E-22
NEE acid(H+) kg 3.03E-14
AEE aldehydes kg 1.09E-19
NEE alkanes kg 841E-15
NEE alkenes kg 7.76E-16
NEE aluminium(Al) kg 1.43E-10
NEE aluminium3 +(Al3+) kg 4.69E-21
NEE ammonia(NH3) kg 1.42E-13
NEE ammonium(NH4+) kg 4.14E-11
NEE ancillary material(unspecified) kg 1.79E-16
NEE AOX kg 2.58E-16
NEE aromatic matter kg 6.20E-14
MNEE arsenic(As) kg 2.39E-15
NEE barium(Ba) kg 3.38E-13
NEE baryte(BaSO4) kg 3.61E-15
NEE benzene kg 2.40E-14
rEE beryllium(Be) kg 1.62E-21
NEE bod kg 1.79E-10
NEE boron(B) kg 1.06E-15
NEE cadmium(Cd) kg 1.85E-13
NEE calcium(Ca) kg 2.17E-12
NEE calcium++(Ca++) kg 2.38E-18
NEE carbonate(CO3--) kg 2.93E-16
NEE cesium(Cs) kg 6.47E-17
NEE chlorate ion(C103-) kg 5.74E-16
VEE chloride(Cl-) kg 1.80E-07
NEE chlorinated matter kg 3.62E-17
NEE chlorine dioxide(Cl102) kg 5.25E-24
VEE chlorine(Cl) kg 5.79E-17
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Life Cycle Inventory

Path | Catagory

substance unit amount
NEE | FANEE chromium oxide(Cr203) kg 1.06E-26
MEE | FANMEE chromium(Cr) kg 8.92E-12
NEE | FANEE chromium3+(Cr3+) kg 1.11E-19
EE | FANEE coal tar kg 5.24E-21
NEE | FANEE cobalt(Co) kg 1.65E-19
NEE | FANEE COD kg 1.27E-09
NEE | FANEE copper(Cu) kg 6.14E-15
NEE | FANEE crude oil kg 8.59E-14
MEE | FANMEE cyanide(CN-) kg 2.76E-14
NEE | FANMEE dichloroethylene kg 6.22E-29
NEE | FANMEE dichloromethane kg 1.76E-18
MEE | FAMEE dissolved inorganic matter kg 5.96E-16
NEE | FANMEE dissolved organic matter kg 1.16E-15
EE | FANEE dissolved solids kg 4.34E-07
NEE | FANMEE ethylbenzene kg 4.38E-15
NEE | FANMEE fluoride(F-) kg 9.93E-11
dEE | FANEE fluorine(F) kg 1.03E-16
NEE | FANMEE formaldehyde kg 7.82E-24
MEE | FAMEE heavy metals kg 8.61E-17
NEE | FANEE hexachloroethane kg 1.09E-27
dEE | FANEE hydrocarbons kg 9.13E-13
MEE | FAMEE hydrogen chloride(HCI) kg 1.40E-18
AMEE | FAWEE | hydrogen chloride(Hel,12.5%) kg 1.85E-19
NEE | FANMEE hydrogen fluoride(HF) kg 550E-26
NEE | FANMEE hydrogen(H2) kg 3.62E-20
NEE | FANMEE hypochlorite(C10-) kg 1.85E-19
NEE | FANMEE industrial waste kg 3.27E-14
dEE | FANEE iodine(I) kg 6.47E-15
NEE | FANMEE iron(Fe) kg 3.86E-11
NEE | FANMEE iron++(Fe++) kg 5.20E-20
dEE | FANEE lead(Pb) kg 6.61E-15
dEE | FANEE limestone kg 3.40E-16
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Life Cycle Inventory

Path | Catagory

substance unit amount
MEE | FAMEE magnesium(Mg) kg 5.88E-14
MEE | FAMEE magnesium++(Mg++) kg 1.27E-20
MEE | FANMEE manganese(Mn) kg 1.15E-11
NEE | FANMEE mercury(Hg) kg 1.37E-15
NEE | FANMEE metal ions kg 1.29E-13
NEE | FANMEE metals kg 2.87E-12
EE | FANEE methanol kg 4.21E-18
NEE | FANMEE methyl chloride kg 2.38E-15
NEE | FANEE molybdenum(Mo) kg 2.81E-17
NEE | FANMEE neutral salt kg 5.15E-15
NEE | FANMEE n-hexane kg 5.53E-16
NEE | FANMEE nickel(Ni) kg 1.48E-12
NEE | FANEE nickel++(Ni++) kg 1.75E-20
dEE | FANEE nitrate(NO3-) kg 2.42E-11
NEE | FANEE nitrite(NO2-) kg 4.59E-20
MEE | FAMEE nitrogen(N2) kg 8.12E-14
dEE | FANEE nitrogenous matter kg 1.64E-11
NEE | FANEE oil kg 3.61E-09
NEE | FANEE PAHs kg 1.29E-14
MEE | FAMEE phenol kg 2.17E-13
dEE | FANEE phoshorous matter kg 2.58E-13
MEE | FAMEE phosphate(PO43-) kg 461E-13
MEE | FAMEE phosphorus oxide(P205) kg 3.95E-19
NEE | FANMEE phosphorus(P) kg 2.80E-17
MEE | FAMEE potassium(K) kg 3.24E-13
MEE | FANMEE potassium+(K+) kg 5.46E-22
NEE | FANMEE rubidium(Rb) kg 6.47E-16
dEE | FANEE sand(Si02) kg 6.35E-19
NEE | FANMEE selenium(Se) kg 2.71E-17
MEE | FAMEE silver(Ag) kg 1.10E-16
dEE | FANEE sodium chloride(NaCl) kg 6.94E-17
NEE | FANMEE sodium(Na) kg 2.82E-11
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Life Cycle Inventory

Path | Catagory

substance unit amount
NEE | FANEE sodium+(Na+) kg 3.19E-11
NEE | FANMEE solvent kg 1.10E-15
NEE | FANMEE strontium(Sr) kg 9.53E-12
dEE | FANEE sulfate(SO4--) kg 4.05E-08
NEE | FANEE sulfide(S--) kg 2.15E-15
NEE | FANMEE sulfur(S) kg 2.66E-18
dEE | FANEE sulphite(So3--) kg 751E-19
NEE | FANMEE suspended solid(SS) kg 3.34E-09
MEE | FAMEE tetrachloroethylene kg 2.65E-24
NEE | FANEE thallium(T1) kg 1.35E-24
NEE | FANMEE tin(Sn) kg 4.38E-23
NEE | FANMEE titanium(T1) kg 6.78E-18
NEE | FANEE TOC kg 2.92E-12
dEE | FANEE toluene kg 2.37E-14
NEE | FANMEE trichloroethylene kg 1.65E-22
MEE | FAMEE trichloromethane(CHCI3) kg 6.23E-22
NEE | FANMEE triethylene glycol kg 2.03E-16
NEE | FANEE vanadium(V) kg 2.73E-17
MEE | FAMEE vinyl chloride kg 3.27E-46
NEE | FANEE VOCs kg 2.26E-14
dEE | FANEE water emission(unspecified) kg 2.83E-07
NEE | FANMEE water(unspecified) kg 6.75E-07
MEE | FAMEE xylene kg 1.71E-13
dEE | FANEE zinc(Zn) kg 542E-12
NEE | FANMEE zinc++(Zn++) kg 5.91E-23
MNEE | EYHEE aluminium(Al) kg 2.55E-16
MNEE | EYHEE arsenic(As) kg 1.02E-19
ANEE | EYHjEE cadmium(Cd) kg 4.60E-23
NEE | EYHNEE calcium(Ca) kg 1.02E-15
MNEE | EYHEE carbon(C) kg 7.64E-16
NEE | EdEE chromium(Cr) kg 1.28E-18
MNEE | EYHEE cobalt(Co) kg 4.67E-23
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Life Cycle Inventory

substance

unit

amount

copper(Cu)

kg

2.33E-22

dust

kg

6.80E-13

iron(Fe)

kg

5.09E-16

lead(Pb)

kg

1.07E-21

manganese(Mn)

kg

1.02E-17

mercury (Hg)

kg

8A4TE-24

nickel(Ni)

kg

3.51E-22

nitrogen(N2)

kg

3.99E-21

oil

kg

1.51E-18

phosphorus(P)

kg

1.28E-17

sulfur(S)

kg

1.53E-16

zinc(Zn)

kg

3.82E-18

hazardous waste

kg

1.85E-06

A Nl Nl N oAl N DAl N Dl 2l N 2 N 2l N 2l N DR R DR 2R
O T R O T N O
M | T | | | e | e | e | e | e | e | e | e | e | e

industrial waste

kg

4.10E-05
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o 5 3R EAs A79= A3 EY Bag filter 7]&0] RE 33
oA ARSI ¢ We AL & = Ak 53], AF2HEA5(GWP)

o A% ATz Tl A Bag filter 7ol 4T o B

Table 7. Characterization results of Bag filter and Cy-bag filter process

Impact Category unit Bag filter | Cy-bag filter
s kg antimony— 6.92E-07 4.46E-07
(Abiotic depletion, ADP) | & @mumony=ed 0. '
A e st kg CO2- 1.00E-04 6.83E-05
(Global Warming, GWP) & «d ' '
LETDY kg CFCI1 6.72E-14 6.32E-15
(Ozone depletion,ODP) & d ’ '
g 5 kg SO2 1.69E-0 1.15E-0
(Acidification, AP) & ed O9E-0T ASE-07
gl ) ) )
(Brtrophication EF) kg PO43-eq 3.14E-08 2.15E-08
33}t x| 2k A A
(Photo-oxidant kg C2H4-eq 8.22E-08 5.32E-08
formation,POCI)

:l'l ! |
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2 AoAes JANE bAE As] fs FdEs A, 4
To 3 tEARe] A=Al T (Trade off)S FHetatirzt 671X
ARAY WEE 7 e mas FaEgde A

4.2.2.1 A9 A2 X (Abiotic depletion, ADP)

T T o AU A K (Abiotic depletion, ADP)2] Z 3= Figure 13.] YEY
3L, Bag filter®} Cy-bag filter&d 2] AYAE] st =2 &4 (Key

substance)2 #2433t}

6.92E-07

4.48E-07

Cy=bag filter

Bagfilter  WCy-bag filter

Figure 13. ADP result of Bag filter and Cy-bag filter process

Bag filter 71%¢ 7z} 24d F2 7)o EZ9 w|E%& Hard coal’}
466E-07 kg, Crude oil2 1.40E-07 kg, Natural gas= 8.60E-08 kg< W=
stal 9lom, Cy-bag filter 7|9 24 4 F9 7o E49 wjEZFS
Hard coal 3.24E-07 kg, Crude oil<> 6.39E-08 kg, Natural gast 5.81E-08
kgolth. 1 ZA3gtS Table 8. Table 9.2 YER| AT,
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Table 8. Substance results of ADP in Bag filter process

Substance Category Unit Amount
aluminium(Al) 2 kg antimony-eq 1.22E-17
barium(Ba) 2 kg antimony-eq 3.07E-23
soft coal 2 kg antimony-eq 1.36E-12
chromium(Cr) A4 kg antimony-eq 4.78E-20
copper(Cu) A4 kg antimony-eq 2.50E-18
crude oil 24 kg antimony-eq 1.40E-07
fossil energy A kg antimony-eq 6.33E-16
hard coal A4 kg antimony-eq 4.66E-07
iron(Fe) A kg antimony-eq 8.33E-19
lead(Pb) 24 kg antimony-eq 1.79E-17
natural gas A4 kg antimony-eq 8.60E-08
nickel(Ni) A4 kg antimony-eq 1.02E-20
silver(Ag) 24 kg antimony-eq 2.60E-18
sodium(Na) 2 kg antimony-eq 492E-24
sulfur(S) 2 kg antimony-eq 2.43E-14
uranium(U) 24 kg antimony-eq 6.99E-12
zinc(Zn) 214 kg antimony-eq 1.23E-18
Table 9. Substance results of ADP in Cy-bag filter process

Substance Category Unit Amount
aluminium(Al) 24 kg antimony-eq 1.52E-18
barium(Ba) 2 kg antimony-eq 2.11E-24
soft coal A4 kg antimony-—eq 9.38E-14
chromium(Cr) 2 kg antimony-eq 3.29E-21
copper(Cu) 214 kg antimony-eq 1.72E-19
crude oil 24 kg antimony-eq 6.39E-08
fossil energy A kg antimony-eq 4.35E-17
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Substance Category Unit Amount
hard coal 2 kg antimony-eq 3.24E-07
iron(Fe) A kg antimony-eq 1.72E-19
lead(Pb) 2 kg antimony-eq 1.23E-18
natural gas A4 kg antimony-eq 5.81E-08
nickel(Ni) A4 kg antimony-eq 7.02E-22
silver(Ag) A4 kg antimony-eq 1.79E-19
sodium(Na) A4 kg antimony-eq 3.39E-25
sulfur(S) A4 kg antimony-eq 1.67E-15
uranium(U) A4 kg antimony-eq 4.86E-12
zinc(Zn) A4 kg antimony-eq S.44E-20

4.2.2.2 AT233(Global Warming, GWP)
T A AF233H(Global Warming,GWP)e] A4S Figure 14. o 4
EF a2, Bag filter$} Cy-bag filters 3¢ A F2y3lo] th3t Fo 52

(Key substance)< 43}t

1.00E-D3

=

Bagfllter WCy-bag filier

G.B3E-05

Cy-bag filter

Figure 14. GWP result of Bag filter and Cy-bag filter process
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Bag filter 71%9] 72+ 34 £ 7] B4 9] vjE& %S carbon dioxide(CO2)2
9.86E-05 kg, methane< 1.48E-06 kg, nitrous oxide(N20)2 3.47E-07 kgo|H,
Cy-bag filter 7|&2] 2} T4 F9 7]o] B4 w|& %2 carbon dioxide(CO2)-
6.72E-05 kg, methane< 1.021E-06 kg, nitrous oxide(N20)2 8.27E-08 kg©]t}.
A3k Table 10, Table 11. 22 UERJ ST

Table 10. Substance results of GWP in Bag filter process

Substance Category Unit Amount
carbon dioxide(CO2) Q7| EE kg CO2-eq 9.86E-05
CFC-11 7 vl =& kg CO2-eq 2.68E-14
CFC-114 7 vl =& kg CO2-eq 6.39E-14
CFC-12 7 E= kg CO2-eq 1.23E-14
CFC-13 7 E= kg CO2-eq 1.06E-14
halon-1301 g7 EE kg CO2-eq 3.14E-11
HCFC-22 g7 E= kg CO2-eq 2.68E-15
methane 7 EE kg CO2-eq 1.48E-06
nitrous oxide(N20) 7 EE kg CO2-eq 3ATE-07
perfluoromethane 7] = 2 ke CO2-eq AAGE-16
(CF4)

Table 11. Substance results of GWP in Cy-bag filter process

Substance Category Unit Amount
carbon dioxide(CO2) o EE kg CO2-eq 6.72E-05
CFC-11 7] a) & kg COZ-eq 1.85E-15
CFC-114 7 vl =& kg CO2-eq 4.40E-15
CFC-12 7 vl =& kg CO2-eq 8.43E-16
CFC-13 7 E= kg CO2-eq 7.29E-16
halon-1301 g7 EE kg CO2-eq 2.95E-12
HCFC-22 g7 vl & & kg CO2-eq 1.84E-16
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Substance Category Unit Amount

methane g7 EE kg CO2-eq 1.02E-06

nitrous oxide(N20) g EE kg CO2-eq 8.27E-08

perfluoromethane SR Ee) ke CO2-eq 3 07E-17
(CF4)

4.2.2.3 &% %93 (0zone depletion, ODP)

=
R I

F

%93 (Ozone depletion,ODP)®] A& Figure 15. o e}
H3lar, Bag filter® Cy-bag filter& Aol 2FZ3kd st Fo =54

o © TaE=
(Key substance)S #2413}t

6.72E-14

6.32E-15

0.00E+00
Bayg filker

Cy-bag filter

Bag filter W Cy-bag filter

Figure 15. ODP result of Bag filter and Cy-bag filter process

Bag filter 7]&9¢ 74
6.72E-14 kg, CFC-11<

f
o
oxl
&

T8 7] E49 wEZE halon-1301&
6.71E-18 kg, CFC-114 5.84E-18kg °]™, Cy-bag
filter 719 ZF 4% F8 719 EF9 &2 halon-13012 6.32E-15
kg, CFC-112 4.62E-19 kg, CFC-114 4.02E-19kg ©°|t}. 21 A 3kS Table
12, Table 13 °f e SATh

5 &8

n



Table 12. Substance results of ODP in Bag filter process

Substance Category Unit Amount
CFC-11 g EE kg CFCll-eq 6.71E-18
CFC-114 7 vl =& kg CFCll-eq 5.84E-18
CFC-12 7 vl =& kg CFCll-eq 1.18E-18
halon-1301 o EE kg CFCll-eq 6.72E-14
HCFC-22 o) 7] vl = & kg CFCll-eq 5.36E-20
Table 13. Substance results of ODP in Cy-bag filter process

Substance Category Unit Amount
CFC-11 7 vl & & kg CFCll-eq 4.62E-19
CFC-114 7 vl =& kg CFCll-eq 4.02E-19
CFC-12 o7 vl & & kg CFCll-eq 8.14E-20
halon-1301 g7l & & kg CFCll-eq 6.32E-15
HCFC-22 o) 7] ol = = kg CFCll-eq 3.69E-21

4.2.2.4 A 3} (Acidification,AP)

T 3749 2k 3 Acidification,AP)2] A3}E Figure 16.91 YEFH A 3L, Bag

filter®} Cy-bag filtera A 2] 2k 3ol 3k =2 E 2 (Key substance)<

shelo.

160E-07

;1.535-&]7

1.15E-07

Bag filker W Cy-bag filter

Figure 16. AP result of Bag filter and Cy-bag filter process

i
¥ [

.-'-\.\.I -ll'

=]
24



Bag filter 7149 7} A F2 7]o] B4 i
1.68E-07 kg, ammonia(NH3)> 4.17E-10 kg, sulfur dioxide(SO2)< 2.80E-10
kgol™, Cy-bag filter 719 2 T4 FQ 7]o] E49] &
oxides(NOx)+= 1.15E-07 kg, ammonia(NH3)< 2.90E-10 kg, sulfur dioxide(SO2)

< nitrogen oxides(NOx)2

< nitrogen

< 1.93E-11 kgelth. = A#gk-& Table 14, Table 15. & YERHSITH

Table 14. Substance results of AP in Bag filter process

Substance Category Unit Amount
ammonia(NH3) 7 EE kg SO2-eq 4.18E-10
hydrogen = _ _
chloride(HCD) o 7] =5 kg SO2-eq 2.72E-12
hydrogen = _ _
fluoride(HF) o7& kg SO2-eq 2.12E-12
hydrogen = _ _
sulfide(H12S) g7 vl =& kg SO2-eq 542E-13
nitric acid(HNO3) g7 EE kg SO2-eq 1.68E-07
nitrogen oxides(NOx)| W7|vj&E kg SO2-eq 1.68E-07
sulfur dioxide(SO2) o EE kg SO2-eq 2.80E-10
sulfuric acid(H2S04) T1H7] W &= kg SO2-eq 3.88E-12
ammonia(NH3) FAMEE kg SO2-eq 3.88E-12
hydrogen = _ _
chloride(HCI) TFAMEE kg SO2-eq 1.80E-17
hydrogen . = o _ _
fluoride(HF) FAMEE kg SO2-eq 1.28E-24
Table 15. Substance results of AP in Cy-bag filter process
Substance Category Unit Amount
ammonia(NH3) I EE kg SO2-eq 2.90E-10
hydrogen = _ _
chloride(HCD) 7wl & & kg SO2-eq 5.97E-13
hydrogen = _ _
fluoride(HF) o7 =5 kg SO2-eq 1.03E-12
hydrogen = _ _
sulfide(H2S) g7l & & kg SO2-eq 3.73E-14
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Substance Category Unit Amount
nitric acid(HNO3) g7 & & kg SO2-eq 2.27E-19
nitrogen oxides(NOx)| ®7|wj&E& kg SO2-eq 1.15E-07
sulfur dioxide(SO2) g7l & & kg SO2-eq 1.93E-11
sulfuric acid(H2S04) g7l EE kg SO2-eq 9.80E-21
ammonia(NH3) TFAMEE kg SO2-eq 2.67E-13
hydrogen - . B B
chloride(HCD) TFANEE kg SO2-eq 1.24E-18
hydrogen o =5 _ -
fluoride(HF) TANEE kg SO2-eq 8.80E-26

4.2.2.5 9 ¥ 3} (Eutrophication,EP)

=

T 349 ¥ %3} (Eutrophication,EP) 2] A3Z Figure 179 YERH S 3L, Bag
filtere} Cy-bag filters 3¢ F< %3l 3t F 252 (Key substance)2

24 s,

3.50E-DE

3.00E-08

2,15E-08

1.50E-08

1.00E-08

5.00E-D9

0.00E+00

Bag filer WCy-bag filter

Figure 17. EP result of Bag filter and Cy-bag filter process
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Bag filter 71%9] z} ¥4 FQ 7|0 B4 wjE%
3.12E-08 kgo]™, ammonia(NH3)+= 7.76E-11 kg©]al, nitrogenous matter<
563E-110]3191.2.H, Cy-bag filter 71=2] 2t 48 58 7]o] =49 W&
nitrogen oxides(NOx)+ 2.14E-08 kgo]™, ammonia(NH3)+= 5.40E-11 kgo] it
COD< 2.80E-11°1tt. 1 A3k Table 16, Table 174 WERY ST,

< nitrogen oxides(NOx)+=

Table 16. Substance results of EP in Bag filter process

Substance Category Unit Amount
ammonia(NH3) g7 EE kg PO43-eq 7.76E-11
nitric acid(HNO3) g7 EE kg PO43-eq 6.48E-19
nitrogen oxides(NOx)| ®7]vj&E kg PO43-eq 3.12E-08
f;‘éz‘zgggu; o} 7] Wl kg PO43-eq 1.35E-22
ammonia(NH3) FAMNEE kg PO43-eq 7.22E-13
ammonium(NH4+) TFAMEE kg PO43-eq 1.97E-11
COD TFAMEE kg PO43-eq 4.26E-11
nitrate(NO3-) TAMEE kg PO43-eq 3.61E-12
nitrogenous matter TFAMEE kg PO43-eq 5.63E-11
phoshorous matter TAMEE kg PO43-eq 1.15E-11
phosphate(PO43-) TAMEE kg PO43-eq 8.30E-13
(f’;‘fe‘z};ggu; A EE kg PO43-eq 7.69E-18

Table 17. Substance results of EP in Cy-bag filter process
Substance Category Unit Amount
ammonia(NH3) 7 e EE kg PO43-eq 5.40E-11
nitric acid(HNO3) W EE kg PO43-eq 4.46E-20
nitrogen oxides(NOx)| 7w &E& kg PO43-eq 2.14E-08
5232212(2)355) o 7] i kg PO43-eq 9.30E-24
ammonia(NH3) TANEE kg PO43-eq 497E-14
ammonium(NH4+) TAMEE kg PO43-eq 1.37E-11
COD TAMEE kg PO43-eq 2.80E-11
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Substance Category Unit Amount
nitrate(NO3-) TAMEE kg PO43-eq 2.42E-12
nitrogenous matter TFANEE kg PO43-eq 6.90E-12
phoshorous matter TFANEE kg PO43-eq 7.88E-13
phosphate(P0O43-) TAMNE=E kg PO43-eq 461E-13
f}gfgfgggug) A EE kg PO43-eq 5.29E-19

4.2.2.6 33}82 A3 E A A (Photo-oxidant formation, POCI)

o
o

T 349 33} A2ksHE A A (Photo-oxidant formation,POCI) 9] 2 3}+& Figure
18.9] eI AL, Bag filtere} Cy-bag filter& A 2] 33} sH4 23} & A A o

3t Q2 &2 (Key substance)g #43}%th

O

9.00E-DB

ﬁi-ﬂs

Bag filar W Cy-bag filer

Figure 18. POCI result of Bag filter and Cy-bag filter process

Bag filter 7]&2] Z} &4 F2 7]o] E7 9] wl& %S hydrocarbons 752E-03
kg, carbon monoxide(CO)2 4.72E-09 kg, ethylene= 1.58E-09 kgo]t}. Cy-bag
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filter 71=9] Zt 34 F2 7|9 29| &% hydrocarbons< 5.23E-08
kg, carbon monoxide(CO)2 4.87E-10 kg, methane< 292E-10 kgo]t}. I ATzt
< Table 18, Table 19 YRS

Table 18. Substance results of POCI in Bag filter process

Substance Category Unit Amount
acetaldehyde g7l =& kg C2H4-eq 1.94E-11
acetic acid 7 &E & kg C2H4-eq 1.83E-20
acetone 7l &5 kg C2H4-eq 1.15E-16
acetylene 7l EE kg C2H4-eq 7.41E-20
benzaldehyde =& kg C2H4-eq ~7.86E-24
benzene g7l EE kg C2H4-eq 1.92E-14
but-1-ene 7l EE kg C2H4-eq 1.93E-15
carbon monoxide(CO)| H7|vj&E kg C2H4-eq 4.72E-09
ethane g7l EE kg C2H4-eq 5.14E-13
ethanol g7 e &= kg C2H4-eq 9.78E-16
ethylbenzene 7= & kg C2H4-eq 1.26E-14
ethylene 7l EE kg C2H4-eq 1.58E-09
formaldehyde =& kg C2H4-eq 2.49E-15
hydrocarbons g7 EE kg C2H4-eq 752E-08
methane g7 EE kg C2H4-eq 4.22E-10
methanol o EE kg C2H4-eq 5.82E-16
n-butane g7 EE kg C2H4-eq 3.47E-13
n-heptane 7 e &E & kg C2H4-eq 8.82E-15
n-hexane g7 el & & kg C2H4-eq 1.72E-14
NMVOC 7] vl =& kg C2H4-eq 3.06E-10
n-pentane 7 e &E & kg C2H4-eq 4.03E-14
propane g7 EE kg C2H4-eq 2.33E-13
propene 7 EE kg C2H4-eq 5.36E-16
propionaldehyde o EE kg C2H4-eq 1.88E-22
sulfur dioxide(SO2) g7l EE kg C2H4-eq 1.34E-11
t-butyl acetate g EE kg C2H4-eq 3.46E-16
toluene g7l & & kg C2H4-eq 6.82E-14

:l'l ! |
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Table 19. Substance results of POCI in Cy-bag filter process

Substance Category Unit Amount
acetaldehyde 7 &= kg C2H4-eq 1.35E-11
acetic acid g EE kg C2H4-eq 1.26E-21
acetone g7 EE kg C2H4-eq 7.92E-18
acetylene =& kg C2H4-eq 5.10E-21
benzaldehyde &5 kg C2H4-eq -5.40E-25
benzene Q7| EE kg C2H4-eq 2.97E-15
but-1-ene g7l EE kg C2H4-eq 1.33E-16
carbon monoxide(CO)| H7|vj&E kg C2H4-eq 4.87E-10
ethane 7 e E= kg C2H4-eq 354E-14
ethanol g7 EE kg C2H4-eq 6.73E-17
ethylbenzene g7l EE kg C2H4-eq 8.69E-16
ethylene o EE kg C2H4-eq 1.09E-10
formaldehyde g7 E=E kg C2H4-eq 1.72E-16
hydrocarbons g7 EE kg C2H4-eq 5.23E-08
methane g7l EE kg C2H4-eq 2.92E-10
methanol &= & kg C2H4-eq 4.01E-17
n-butane =& kg C2H4-eq 2.39E-14
n-heptane 7 EE kg C2H4-eq 6.07E-16
n-hexane g7 EE kg C2H4-eq 1.18E-15
NMVOC 7 E= kg C2H4-eq 2.11E-11
n-pentane 7 E & kg C2H4-eq 2.77E-15
propane 7 EE kg C2H4-eq 1.61E-14
propene g7 EE kg C2H4-eq 3.69E-17
propionaldehyde g7 &5 kg C2H4-eq 1.29E-23
sulfur dioxide(SO2) 7l &= & kg C2H4-eq 9.25E-13
t-butyl acetate g7l EE kg C2H4-eq 2.38E-17
toluene g7l EE kg C2H4-eq 4.69E-15
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5. 1%

5.1 Bag filter 713 Cy-bag filter 71&

FPET 94

o &7

‘T”]' CY bag filter 7]3_/] X“'J,}- \“5]7}_% %éﬁ
]_oﬂ ) 1::1

1]_5_

ANz 3 715 475

el =,

1.20E-04
1.00E-04

B.ODE-05

6.00E-05
4 00E-0:
2.00E-0!
D0E+00
PP ” = o i e
o G T F2HE 2EFEY thgsr 2Ty HETHUEEEY
g sneimeny $2/150 | (g coz eq lairim3] | Ikg crctt ea/lair 1m3] | [hg 502 eqJlsir tm3] | [kg P43 eq.sir tm3] | [kg c2a eq s tms]
| Bag filter 6.92E-07 1.00€-04 6.72E-14 1.69E07 3.14E-08 8.22E-08
|IC‘(-hagﬂItEr 4.45E-07 6.83E-05 6.32E-15 1.15E07 2.15E-08 5.32E-08

Bag filter  WICy-bag filter

Figure 19. Total result of Impact Category in Bag filter and Cy-bag filter process
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Abstract

A Study on the Greenhouse Gas
Reduction of Green Certification
in Korea using Life Cycle

Assessment

Cho, Sun Young
Department of Environmental Health

The Graduate School of Public Health

Seoul National University

Republic of Korea introduced a new certification system, Green
Certification which promotes to utilize green technology on sites as well
as to reduce energy and resources. The certification system define technology
fields as Green technology, and assess degree of energy/resource saving,
reduction of climate change, environmental damage and etc. for supporting

industrialization of the technology.

Fine dust like as PM10 and PM2.5 is major issue as well as the effect
of fine dust on environment and control of ultra—fine dust are crucial matter
on international society. Coal-fired electrical power plant is considered

important national infrastructure according general tendency. Each air
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pollutant treatment in coal—fired electrical power plant leads different outputs
such as amount of waste materials and has so efficiencies, as usage of
filter and energy consumption. With that, it is expected that the inputs
and outputs to reduce air pollutant in the process of air pollutant treatments

cause other environmental contaminations.

The study was driven with LCA(Life Cycle Assessment) in order to
derive an analyzation and comparison of potential environmental effects
between Bag filter process and Cy-bag filter process which got Green
Certification. Each level of operation was set as system boundary and
LCIA(Life Cycle Impact Analysis) by inputs and outputs was carried on.
Specialized extruded values were obtained with the results of LCIA. These
values were used to compare and analysis various ranges on environmental
effect such as Abiotic depletion, Global Warming, Ozone depletion,
Acidification, Eutrophication and Photo—oxidant formation between the two
treatments. In order to apply the range on environmental effect on Green
Efficiency of Green Certification, Global Warming index which can be a
major issue allowing for characteristics of air pollutant treatment
technologies was selected. Moreover, a plan for selection of index on
environmental effect for assessment Green Efficiency of Green Certification

in other field was proposed.

As a result of LCIA, Bag filter process has slightly higher environment
load then Cy-bag filter process with GWP value of 1.00E-04 kg for the
former and 6.83E-05 kg for the later. It means Bag filter process has
about 1.5 times bigger effect on global warming then Cy-bag filter process,
this was understood as Bag filter process consumes more electricity than

Cy-bag filter process.

It is concluded that secondary contaminant from COZ can be passing
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out easily if electricity was included in cost. In other words, global-warming
can be passing out easily. As the results represented, GWP index is selected
as a Green Efficiency of Green Certification in air pollutant treatment
technologies fields. it means that assessment on Green Efficiency considers
total-range environment effect of each process as well as processing
efficiency. This was understood as a way that leads sustainable improvement

in the coal-fired electrical power plant which is one of national base facility.

For assessment Green Efficiency of Green Certification using LCA, firstly
each technology field has own guideline including research scope for
procuring objectivity. Secondly date collecting needs same or similar level
about time frame, local frame and technical frame when comparing two
technologies. Lastly, selected assessment group examines analyzation of
LCA, validity of environmental effect index and applicability of guideline.
This can be proposed that Green Efficiency on process can be assessed
validly and also accumulated data on guideline of technology field can be
understood as trends on industry. Moreover it is expected that inventory
of environmental effect index using LCA can built for analyze greenhouse

gas emission.

keywords : Green Certification, Green Efficiency, Life Cycle
Assessment(LCA), Greenhouse Gas Reduction,
Air Pollution Prevention Facility, Bag filter
process, Cy-bag filter process

Student Number: 2013-23563
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