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# # 4870512321 : MAJOR CHEMICAL ENGINEERING
KEY WORD . LIFE CYCLE ASSESSMENT / TITANIUM DIOXIDE
NANOPARTICLES / ENVIRONMENTAL IMPACTS
SITTHIKORN PHOLPORTON: LIFE CYCLE ASSESSMENT OF
SYNTHESIZING TITANIUM DIOXIDE NANOPARTICLES.  THESIS
ADVISOR: ASSOC. PROF. CHAIRIT SATAYAPRASERT, Dr.Ing., THESIS
CO-ADVISOR: SOORATHEP KHEAWHOM, Ph.D., 78 pp.

The objective of this research is to estimate the environmental impacts of the
synthesis of titanium dioxide nanoparticles. In this study, Life Cycle Assessment (LCA) is
used as an environmental tool. The system boundary is defined to include materials
acquisition, transportation and preduction. The functional unit of this study is 25 g. of
TiO; nanoparticles produced. Their average size is 5 — 25 nm. Three types of solgel
method and three types of solvothermal method of TiO; nanoparticles production are
investigated. The first solgel method(SG1) uses TTIP, i-propanol and nitric acid as raw
materials. The second solgel method(SG2) uses TTIP, i-propanol, water and nitric acid as
raw materials. The third solgel method(SG3) use TTIP, ethanol, water, hydrochloric acid
and methylcellulose as raw materials. The first solvothermal method(SV1) uses TNB and
toluene as raw materials. The second solvothermal method(SV2) uses TTIP and toluene as
raw materials. The third solvothermal method(SV3) uses TTIP andethanol as raw
materials. SimaPro®6.0, LCA software tool, with Eco-Indicator 95 and Eco-Indicator 99
methods is used to estimate the environmental impacts. From the results obtained,
SG3method has higher environmental impacts than SG1 and SG2 methods. The
environmental impacts come mainly from manufacturing phase contributing to climate
change and respiration of inorganic substance. Moreover, TiO; nanoparticles synthesized
by SV3method create environmental problems more than that of SV2 and SV1 methods.
The manufacturing phase of TiO; production also contributes to climate change and
respiration of inorganic substance. Moreover, solgel method creates the environmental

impacts lower than that of solvothermal method.
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Type Unit SG1 SG2 SG3
TTIP 97 88.94 88.94
i-propanol 390 44.56
Ethanol e e 362.18
HNO, g 2.8 0.85
o=
Input HCI ’:h 97.37
H,0 5900 533.63 871.61
Methylcellulose o= 17.79
Transportation kgkm 19.924 19.924 19.836
Electricity kWh 24 223 27.8
i-propanol 472.036 119.67 75.23
H,0 889.964 522.34 860.33
HNO, 2.8 0.85
Emission to air g
HC1 97.37
Ethanol 362.18
Methylcellulose 17.79
Emission to water H,0 g 5000
Product TiO, g 25 25 25
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Impact Category Unit SG1 SG2 SG3 SVl | sv2 ‘ Sv3

Carcinogens DALY 6.45E-06 | 6.57E-06 | 7.52E-06 | 2.35E-05 | 2.45E-05 | 3.92E-05
Resp. organics DALY | 490E-07 | 141E-07 | 1.11E-06 | 4.46E-08 | 4.50E-08 | 3.46E-08
Resp. inorganics | DALY | 5.18E-05 | 5.22E-05 | 5.97E-05 | 1.86E-04 | 1.95E-04 | 3.09E-04
Climate change DALY | 2.22E-05 | 2.22E-05 | 2.55E-05 | 8.07E-05 | 8.43E-05 | 1.32E-04
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M1 4.5 naaadoyadisvidazarsvivenveanmswana Wihlulszmalnelag1d

anludlunmsnan
‘ Type Amount Unit
Lignite 0.898 kg
Diesel 0.001 kg
Input
Lime stone 0.060 kg
Electricity 0.071 kWh
CO 1.34E-5 kg
CoO, 8.67 E-2 kg
N,O 2.69 E-6 kg
NO, 3.97 E-4 kg
Emission to Air
NMVOC 1.35 E-6 kg
CH, 1.03 E-6 kg
SO, 2.11 E-4 kg
Dust 3.44 E-6 kg
Product Electrical 1 kWh

111 : JEMAI- Thailand Final Report Electricity (2001)
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MANUIN N AN NIND3 Y99 Eco-Indicator 95

J 4 %) a o
M1319 N1 ﬂTLW‘Iﬂlﬁ@ﬁsll@\iﬂ']"]fﬁﬂuﬂigﬂﬂ‘llﬂﬂ Eco-Indicator 95 (ﬂT'ﬂﬂﬂJ COZ)

Component Substance Factor Unit
Airborne emission 1,1,1-trichloroethane 100 kg
Airborne emission CFC-11 3400 kg
Airborne emission CFC-113 4500 kg
Airborne emission CFC-114 7000 kg
Airborne emission CFC-115 7000 kg
Airborne emission CFC-116 6200 kg
Airborne emission CFC-12 7100 kg
Airborne emission CFC-13 13000 kg
Airborne emission CFC-14 4500 kg
Airborne emission CFC (hard) 7100 kg
Airborne emission CFC (soft) 1600 kg
Airborne emission CO, 1 kg
Airborne emission CO, (soft) 1 kg
Airborne emission Dichloriomethane 15 kg
Airborne emission HALON-1211 4900 kg
Airborne emission HALON-1301 4900 kg
Airborne emission HCFC-123 90 kg
Airborne emission HCFC-141b 440 kg
Airborne emission HCFC-141b 580 kg
Airborne emission HCFC-142b 1800 kg
Airborne emission HCFC-22 1600 kg
Airborne emission HFC-125 3400 kg
Airborne emission HFC-134a 1200 kg
Airborne emission HFC-143a 3800 kg
Airborne emission HFC-152a 150 kg
Airborne emission Methane 11 kg
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Component Substance Factor Unit
Airborne emission N,O 270 kg
Airborne emission Tetrachloromethane 1300 kg
Airborne emission Trichloromethane 25 kg

1 4 o’j a o
M319 12 Munmesvosnsanasvestu 1o lyuvee Eco-Indicator 95 (ﬂT'ﬂﬂﬂJ CFC)

Component Substance Factor Unit
Airborne emission 1,1,1-trichloroethane 0.12 kg
Airborne emission CEC-11 1 kg
Airborne emission CFC-113 1.07 kg
Airborne emission CFC-114 0.8 kg
Airborne emission CFC-115 0.5 kg
Airborne emission @re-12 1 kg
Airborne emission CFC-13 1 kg
Airborne emission CFC (hard) 1 kg
Airborne emission CFC (soft) 0.055 kg
Airborne emission HALON-1201 1.4 kg
Airborne emission HALON-1202 1.25 kg
Airborne emission HALON-1211 4 kg
Airborne emission HALON-1301 16 kg
Airborne emission HALON-2311 0.14 kg
Airborne emission HALON-2401 0.25 kg
Airborne emission HALON-2402 7 kg
Airborne emission HCFC-123 0.02 kg
Airborne emission HCFC-124 0.022 kg
Airborne emission HCFC-141b 0.11 kg
Airborne emission HCFC-142b 0.065 kg
Airborne emission HCFC-22 0.055 kg
Airborne emission HCFC-225ca 0.025 kg
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Component Substance Factor Unit
Airborne emission HCFC-225¢cb 0.033 kg
Airborne emission Methyl bormide 0.6 kg
Airborne emission Tetrachloromethane 1.08 kg

1 4 1 Y a 1 <3 . a [
M319 13 Munmesvosmsne l¥iNae1snoN 15989 Eco-Indicator 95 (ﬂIaﬂﬂJ B(a))

Component Substance Factor Unit
Airborne emission Benzene 0.000044 kg
Airborne emission CxHy aromatic 0.000044 kg
Airborne emission Metals 0.0001786 kg
Airborne emission Ni 0.0044 kg
Airborne emission PAH’s 0.4792 kg
Airborne emission Acrylonitrile 0.00022 kg
Airborne emission As 0.044 kg
Airborne emission Bebzo(a)pyrene 1 kg
Airborne emission Cr(VI) 0.44 kg
Airborne emission Ethylbenzene 0.000044 kg
Airborne emission Floranthene 1 kg
Airborne emission Tar 0.000044 kg
Airborne emission Vinyl chloride 0.000011 kg

M9 04 AuvlnmesvesmsnelfinarNTAY84 Eco-Indicator 95 (A Tansu SO,)

Component Substance Factor Unit
Airborne emission Ammonia 1.88 kg
Airborne emission HCk 0.88 kg
Airborne emission HF 1.6 kg
Airborne emission NO, 0.7 kg
Airborne emission No_(as NO,) 0.7 kg
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Component Substance Factor Unit
Airborne emission SO, 1 kg
Airborne emission SO, 1 kg
Airborne emission NO 1.07 kg
Airborne emission NO, 0.7 kg

J 4 2
MIN N5 AWNAADTVOINTANAIVOINAINHUB Eco-Indicator 95 (liJﬂﬂZi],a LHV)

Component Substance Factor Unit
Raw Material Coal ETH 18 kg
Raw Material Crude oil ETH 42.6 kg
Raw Material Lignite ETH 8 kg
Raw Material Natural gas (vol) 36.6 m
Raw Material Natural gas ETH 35 m’
Raw Material Pot.energy hydropower 1 MlJ
Raw Material Unspecfied energy 1 MIJ
Raw Material Uranium (in ore) 45100 kg
Raw Material Wood 15.3 kg
Raw Material Wood (feed stock) 15.3 kg
Raw Material Crude oil (feed stock) 41 kg
Raw Material Energy (undef.) 1 MJ
Raw Material Energy from hydro power 1 MJ
Raw Material Natural gas (feed stock) 35 kg
Raw Material Steam from waste incineration 1 MJ
Raw Material Barrange water 0.01 kg
Raw Material Biomass (feed stock) 1 MJ
Raw Material Energy from coal 1 Ml
Raw Material Energy from lignite 1 MIJ
Raw Material Energy from natural gas 1 MJ
Raw Material Energy from oil 1 MIJ




Component Substance Factor Unit
Raw Material Energy from uranium 1 MJ
Raw Material Energy from wood 1 MJ
Raw Material Energy recovery 1 MJ
Raw Material Gas from oil production 1 m’
Raw Material Lignite 10 kg
Raw Material Methane 359 kg
Raw Material Natural gas 30.3 kg
Raw Material Natural gas FAL 46.8 kg
Raw Material Uranium (ore) 1110 kg
Raw Material Uranium FAL 2291 g
Raw Material Wood and wood waste FAL 9.5 kg
Raw Material Petroleum gas ETH 35 m’

9
1 4 ] Cd . .
MIN N6 ANNNNOTVIIUUIAVINANTZN (Normalization) 48% AUIUN (Weighting)

U943 Eco-Indicator 95

Impact category Normailization Weighting
Greenhouse 0.0000765 2.5
Ozone layer 1.08 100

Acidification 0.00888 10

Eutrophication 0.0262 5
Heavy metal 18.4 5

Carcinogens 92 10

Winter smog 0.0106 5

Summer smog 0.0558 2.5
Pesticides 1.04 25

Energy resource 0.00000629 0
Solid waste 0 0




MANYIN ¥ Munnesvad Eco-Indicator 99

J 4 . a
f1319 U1 ﬂ?!kﬂﬂlﬁ@ﬁﬂl@ﬂﬂ'lﬁ!,‘]_]aﬂut!ﬂaﬂﬁﬂ'lW{]iJ’ﬂTﬂTﬁ‘U@ﬂ Eco-Indicator 99 (DALYSs)
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Compartment Substance Factor Unit
Airborne emission CO, 2.1E-7 kg
Airborne emission CO, (non-fossil) 2.1E-7 kg
Airborne emission HOLON-1301 -0.0071 kg
Airborne emission Methane 4.4E-6 kg
Airborne emission N,O 6.9E-5 kg
Airborne emission CFC-14 1.4E-3 kg
Airborne emission 1,1,1-trichloroethane -0.000043 kg
Airborne emission CF31 2.1E-7 kg
Airborne emission CFC-11 2.2E-4 kg
Airborne emission CFC-113 6.3E-4 kg
Airborne emission CEFC-116 2.0E-3 kg
Airborne emission CEC-12 1.4E-3 kg
Airborne emission CO2 (fossil) 2.1E-7 kg
Airborne emission dichloromethane 1.9E-6 kg
Airborne emission HCFC-123 6.6E-6 kg
Airborne emission HCFC-124 8.5E-5 kg
Airborne emission HCFC-141a 5.2E-5 kg
Airborne emission HCFC-142b 3.4E-4 kg
Airborne emission HCFC-22 2.8E-4 kg
Airborne emission HFC-125 5.7E-4 kg
Airborne emission HFC-134 2.1E-4 kg
Airborne emission HFC-134a 2.7E-4 kg
Airborne emission HFC-143 6.3E-5 kg
Airborne emission HFC-143a 7.5E-4 kg
Airborne emission HFC-152a 2.9E-5 kg
Airborne emission HFC-227ea 5.9E-4 kg
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Compartment Substance Factor Unit
Airborne emission HFC-23 2.6E-3 kg
Airborne emission HFC-236fa 1.4E-3 kg
Airborne emission HFC-245ca 1.2E-4 kg
Airborne emission HFC-32 1.4E-4 kg
Airborne emission HFC-41 3.1E-5 kg
Airborne emission HFC-4310 mee 2.7E-4 kg
Airborne emission Perfluorbutane 1.5E-3 kg
Airborne emission Perfluorcyclobutane 1.9E-3 kg
Airborne emission Perfluorhexane 1.6E-3 kg
Airborne emission Perfluorpropane 1.7E-3 kg
Airborne emission Perfluorpentane 1.5E-3 kg
Airborne emission SF, 5.3E-3 kg
Airborne emission Tetrachloromethane -0.00026 kg
Airborne emission trichloromethane 8.3E-7 kg

M5 v2 Muvlnnesvoansanasvedla Tsuvad Eco-Indicator 99 (DALYS)

Compartment Substance Factor Unit
Airborne emission CoO, 2 1E=7 kg
Airborne emission CO, (non-fossil) 2.1E-7 kg
Airborne emission HOLON-1301 -0.0071 kg
Airborne emission Methane 4.4E-6 kg
Airborne emission N,O 6.9E-5 kg
Airborne emission CFC-14 1.4E-3 kg
Airborne emission 1,1,1-trichloroethane -0.000043 kg
Airborne emission CFC-11 2.2E-4 kg
Airborne emission CFC-113 6.3E-4 kg
Airborne emission CFC-116 2.0E-3 kg
Airborne emission CFC-12 1.4E-3 kg
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Compartment Substance Factor Unit
Airborne emission CO, (fossil) 2.1E-7 kg
Airborne emission dichloromethane 1.9E-6 kg
Airborne emission HCFC-123 6.6E-6 kg
Airborne emission HCFC-124 8.5E-5 kg
Airborne emission HCFC-141a 5.2E-5 kg
Airborne emission HCFC-142b 3.4E-4 kg
Airborne emission HCFC-22 2.8E-4 kg
Airborne emission HFC-125 5.7E-4 kg
Airborne emission HEC-134 2.1E-4 kg
Airborne emission HFC-134a 2.7E-4 kg
Airborne emission HEFC-143 6.3E-5 kg
Airborne emission HFC-143a 7.5E-4 kg
Airborne emission HFC-152a 2.9E-5 kg

' ' a 1 <
M1319 U3 ﬂnlci/\lﬂl@'l@{q]@\iﬂ1§ﬂﬂiﬁlﬂﬂﬁ15ﬂﬂﬂ$ﬁ\ﬁ]ﬂﬂ Eco-Indicator 99 (DALYSs)

Compartment Substance Factor Unit
Airborne emission 1,2-dibromoethane 2.6E-4 kg
Airborne emission 1,2-dichloroethane 2.9E-5 kg
Airborne emission 1,3-butadiene 1.58E-5 kg
Airborne emission 1,4-dioxane 1.39E-7 kg
Airborne emission 2,4,6-trichlorophenol 2.05E-6 kg
Airborne emission Acetaldehyde 2.16E-7 kg
Airborne emission Acrylonitrile 1.69E-5 kg
Airborne emission Alpha-HCH 3.00E-4 kg
Airborne emission BCME 7.48E-3 kg
Airborne emission Benzene 2.50E-6 kg
Airborne emission Benzo(a)anthracene 5.86E-2 kg
Airborne emission Benzo(a)pyrene 3.98E-3 kg
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Compartment Substance Factor Unit
Airborne emission Benzotrichloride 6.6E-3 kg
Airborne emission Benzylechloride 1.04E-5 kg
Airborne emission Beta-HCH 9.99E-5 kg
Airborne emission Bromodichloromethane 8.76E-6 kg
Airborne emission Cd 1.35E-1 kg
Airborne emission Cr(VD) 1.75 kg
Airborne emission di(2-ethylehexyl)phthalate 3.38E-5 kg
Airborne emission dibenz(a)anthracene 3.1E1 kg
Airborne emission Dichlrvos 4.36E-7 kg
Airborne emission Dioxin(TEQ) 3.15E-5 kg
Airborne emission Epichlorohydrin 1.79E2 kg
Airborne emission Ethylene oxide 3.02E-7 kg
Airborne emission Formadehyde 1.83E-4 kg
Airborne emission Gamma-HCH(Lindane) 9.91E-7 kg
Airborne emission Heavy metals 0.0006969 kg
Airborne emission Hexachlorobenzene 8.25E-2 kg
Airborne emission Metals 0.0006969 kg
Airborne emission Ni 2.35E-2 kg
Airborne emission Ni-subsulfide 9.48E-2 kg
Airborne emission PAH’s 1.7E-4 kg
Airborne emission Particle diesel soot 9.78E-6 kg
Airborne emission PCB’s 1.97E-3 kg
Airborne emission Pentachlorophenol 7.21E-3 kg
Airborne emission Propyleneoxide 1.17E-5 kg
Airborne emission Styrene 2.44E-8 kg
Airborne emission Tetrachloroethane 4.82E-7 kg
Airborne emission Tetrachloromethane 8.38E-4 kg
Airborne emission Trichloromethane 2.63E-5 kg
Airborne emission Vinyl chloride 2.09E-7 kg




73

Compartment Substance Factor Unit
Emission to soil 1,2-dibromoethane 3.81E-3 kg
Emission to soil 1,2-dichloroethane 4.58E- kg
Emission to soil 1,3-butadiene 41.2E-5 kg
Emission to soil 1,4-dioxane 3.1E-7 kg
Emission to soil 2,4,6-trichlorophenol 2.71E-6 kg
Emission to soil Acetaldehyde 4.77E-7 kg
Emission to soil Acrylonitrile 7.01E-5 kg
Emission to soil Alpha-HCH 2.32E-2 kg
Emission to soil As 1.32E-2 kg
Emission to soil BCME 1.68E-2 kg
Emission to soil Benzene 1.33E-5 kg
Emission to soil Benzo(a)anthracene 1.6E-1 kg
Emission to soil Benzo(a)pyrene 2.06E-3 kg
Emission to soil Benzotrichloride 1.32E-1 kg
Emission to soil Benzylechloride 4.16E-5 kg
Emission to soil Beta-HCH 7.36E-3 kg
Emission to soil Bromodichloromethane 7.82E-5 kg
Emission to soil Cd 3.98E-3 kg
Emission to soil Cr(VI) 2.71E-1 kg
Emission to soil di(2-ethylehexyl)phthalate 3.18E-7 kg
Emission to soil dibenz(a)anthracene 2.44E1 kg
Emission to soil Dichlrvos 2.25E-5 kg
Emission to soil Dioxin(TEQ) 7.06 kg
Emission to soil Epichlorohydrin 1.3E-6 kg
Emission to soil Ethylene oxide 2.38E-3 kg
Emission to soil Formadehyde 1.83E-6 kg
Emission to soil Gamma-HCH(Lindane) 8.64E-3 kg
Emission to soil PCB’s 2.04E-2 kg
Emission to soil Pentachlorophenol 1.26E-5 kg
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Compartment Substance Factor Unit
Emission to soil Propyleneoxide 1.4E-4 kg
Emission to soil Styrene 2.09E-8 kg
Emission to soil Tetrachloroethane 6E-6 kg
Emission to soil Tetrachloromethane 3.99E-2 kg
Emission to soil Trichloromethane 4.12E-6 kg
Emission to soil Vinyl chloride 7.67E-7 kg

Waterborne emission 1,2-dibromoethane 1.24E-3 kg
Waterborne emission 1,2-dichloroethane 2.98E-5 kg
Waterborne emission 1,3-butadiene 3.37E-4 kg
Waterborne emission 1,4-dioxane 9.21E-7 kg
Waterborne emission 2,4,6-trichlorophenol 1.05E-5 kg
Waterborne emission Acetaldehyde 9.23E-7 kg
Waterborne emission Acrylonitrile 4.16E-5 kg
Waterborne emission Alpha-HCH 6.85E-3 kg
Waterborne emission As 6.57E-2 kg
Waterborne emission BCME 1.54E-2 kg
Waterborne emission Benzene 4.12E-6 kg
Waterborne emission Benzo(a)anthracene 6.58E-1 kg
Waterborne emission Benzo(a)pyrene 2.99 kg
Waterborne emission Benzotrichloride 9.46E-3 kg
Waterborne emission Benzylechloride 1.98E-5 kg
Waterborne emission Beta-HCH 5.75E-3 kg
Waterborne emission Bromodichloromethane 9.36E-6 kg
Waterborne emission Cd 7.12E-2 kg
Waterborne emission Cr(VD 3.43E-1 kg
Waterborne emission di(2-ethylehexyl)phthalate 6.64E-4 kg
Waterborne emission dibenz(a)anthracene 4.07E1 kg
Waterborne emission Dichlrvos 1.17E-5 kg
Waterborne emission Dioxin(TEQ) 2.02E3 kg
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Compartment Substance Factor Unit
Waterborne emission Epichlorohydrin 9.9E-7 kg
Waterborne emission Ethylene oxide 1.39E-4 kg
Waterborne emission Formadehyde 4.97E-6 kg
Waterborne emission Gamma-HCH(Lindane) 4.16E-3 kg
Waterborne emission Ni 3.11E-2 kg
Waterborne emission Ni-subsulfide 5.02E-3 kg
Waterborne emission PAH’s 1.00E-2 kg
Waterborne emission PCB’s 3.91E-2 kg
Waterborne emission Pentachlorophenol 2.99E-2 kg
Waterborne emission Propyleneoxide 1.74E-5 kg
Waterborne emission Styrene 1.22E-6 kg
Waterborne emission Tetrachloroethane 4.27E-7 kg
Waterborne emission Tetrachloromethane 8.29E-4 kg
Waterborne emission Trichloromethane 2.6E-5 kg
Waterborne emission Vinyl chloride 2.84E-7 kg

' 4 J a <
1313 v4 aurlnmesveamsna liinan1izauilunsaves Eco-Indicator 99 (PDF*m’)

Compartment Substance Factor Unit
Airborne emission Ammonia 15.57 kg
Airborne emission NO, 5.713 kg
Airborne emission NO, (as NO,) 5.713 kg
Airborne emission SO, 1.041 kg
Airborne emission SO, (as SO,) 1.041 kg
Airborne emission NO 8.789 kg
Airborne emission NO, 5.713 kg
Airborne emission SO, 0.8323 kg




J 4 [
M319 U5 A NNBTUINITAAAINAIIUYBY Eco-Indicator 99 (MJ surplus)
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Compartment Substance Factor Unit
Raw material Coal ETH 0.155 kg
Raw material Crude oil ETH 6.13 kg
Raw material Natural gas (vol) 5.49 m
Raw material Naturl gas ETH 5.25 m’
Raw material Crude oil (feed stock) 5.90 kg
Raw material Natural gas (feed stock) 5.25 m
Raw material Coal 0.252 kg
Raw material Crude oil 5.90 kg
Raw material Crude oil FAL 6.04 kg
Raw material Crude oil IDEMAT 6.15 kg
Raw material Energy from coal 8.59E-3 Ml
Raw material Energy from natural gas 1.50E-1 MJ
Raw material Energy from coal 0.144 MIJ
Raw material Natural gas 4.55 kg
Raw material Natural gas FAL 7.02 kg
Raw material Natural gas (feed stock) 7.02 kg
Raw material Crude oil (feed stock) 6.04 kg
Raw material Coal FAL 0.227 kg

1 4 1 v 4
M3 U6 AMUVNADTVDINANILNUABAUEVNINNYYE YDA Eco-Indicator 99

Impact Category Unit Factor
Carcinogens DALY 1
Resp.organics DALY 1
Resp.inorganics DALY 1
Climate change DALY 1
Radiation DALY 1
Ozone layer DALY 1
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1 4 1 J a
1319 Y7 ﬂ“!‘i/\lﬂ!ﬁ]ﬂiellﬂ\iNaﬂi%ﬂﬂﬁ@ﬂﬁqﬂi%ﬂﬂuﬂﬁ U8 Eco-Indicator 99

Impact Category Unit Factor
Ecotoxicity PAF xm’ x yr 0.1
Acidification/Eutrophication PAF x m’ x yr 1
Land use PAF x m’ x yr 1

1 4 1 1 [
M1319 U8 ﬂ“!‘i/\lﬂ!@]@iellﬂ\iNaﬂigﬂﬂﬁ@ﬂquﬂﬁaﬂﬁﬁlﬂﬂﬂiWﬂTﬂi U9 Eco-Indicator 99

Impact Category

Unit

Factor

Minerals

MJ surplus

1

Y
1 4 ! o L3 . .
M9V AWNARBTUBIVUIAVDINANTENY (Normalization) bz ALK (Weighting)

U9 Eco-Indicator 99

Damage Category Normalization Weighting
Human Health 121 400
Ecosystem quality 2.22E-4 400
Resources 6.77E-3 200
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