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( Solid Waste
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NOx Acidification
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coD Heavy Metals
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Greenhouse Effect

Ozone layer depl.

Human Toxicity

Eco-Toxicity

Land Use

O U 2 7 WA U U 7 0%

Resource Depletion
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Abiotic Resources Depletion
Resources

ADP (1/yr)

Global Warming

GWP (COreq./g). 20, 100, 500year

Ozone Layer Depletion.

ODP (CFC11-eq./g)

Acidification AP SOz—eq /)
Ecosystem Eutrophication NP(T) (N-eq./q). NP(A)(POs-eq./q)
Photochemical Oxidant Formation POCP (Ethene-eq./q)
Eco-Toxicological Impacts ECA (m’ water/g), ECT(kg soil/g)
Biodiversity Not defined
Human Human Toxicological Impact HCA (kg body wi/kg)

HCW (kg body wi/kg)
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R
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Tl FelFolA| et =3, Reserveto-Use
s -4 BF A9 S Jehlle 9 (FA
F3))of] wel £431 Aol 2jo)E 1A
i\?} A 517 W= wid AlA A o) g
ZAPste] st = World Resource
1996~9Td % AR E 71522 Reserve basis

(B 7) XD gFo WY M+t
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uhi o g equivalent factorgts =&3Hq (&
7ol U} e #E AE4e 4 I, World
ResourcedlAl Crude Oil& T A ¥t}

1. 2] 7-233HGlobal Warming)

ATF-dshe WATA EFAR I+
o F@skaL, vhet A7kl whe} g3ke] HErt
geRith, mEx 543 gl e 243} 7k
o] di7lF AFAINE 712 §5/940] 1
el "o, A t2d3ts fiske £49 4
IH FF THE oL E V|FoR AF
slate] Yehdlo] o]& GWP(Global Warming
Potential) 2} ¥}, GWPE t-3 2| 2JajA
T8 4= ok

Sa; - M; dt

71N, GWP = —————
/acog : Mcoz dat

aj=xHL sbicl ) Al A%
;= Az me Hle) FE
aco: = 00pe] ASIH F5= A%

Copper 3.23E-16 World Resource 1996-97
Coal 5.47E-19 World Resource 1996-98
Zinc 7.14E-15 World Resource 1996-99

Aluminum 4.35E-17 World Resource 1996-100
Cadminum 1.85E-12 World Resource 1996-101

Mercury 7.69E-12 World Resource 1996-102
Nickel 213614 World Resource 1996-103
Lead 1.69E-14 World Resource 1996-104
Tin 1.43E-13 World Resource 1996-105

Uranium 4 48E-13 World Resource 1996-106

Iron ore 6.67E-13 World Resource 1996-107

EX © World Resource 1996-97, reserve basis
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Carbon Dioxide(CO2)

Methane(CHa)* 21 1995
Nitrous Oxide(N:0) 310 1995
CFC-11(trichlorofluoromethane, CFCls) 4,000 1994
CFC-12(dichlorodifluoromethane, CF2Cl) 8,600 1994
CFC-13(chlorotriflusromethane, CCIFs) 11,700 1994
CFC-14(tetrafluoromethane,CFa) 4,500 1992
CFC-113(trichlorotrifluoroethane, C2FsCls) 5,000 1994
CFC-114(dichlorotetrafluoromethane, C2F4Cl) 9,300 1994
CFC-1156(chloropentafluoroethane, CFs,Cl) 9,300 1994
CFC-116(hexafluoroethane, CFCsCFs,CzFe) 6,200 1992
HCFC-22(chlorodifluoromethane, CFzHCI) 1,700 1994
HCFC-123(CoFsHCl2) 93 1994
HCFC-124(CoFaHCI) 480 1994
HCFC~141b{(C2FHsCl2) 630 1994
HCFC-142b(C2F2HsCl) 2,000 1994
HCFC-225¢ca(CsFsHCk) 170 1994
HCFC-225¢b{CaFsHCl2) 530 1994
Carbon Tetrachloride(CCls) 1,400 1994
Methylchloroform(CHsCCls) 110 1994
H-1301 (bromotrifiuoromethane, CFsBR) 5,600 1994
HFC-23(CHFs) 11,700 1995
HFC-32(CH:F2) 650 1995
HFC-41(CHsF) 150 1995
HFC-43-10mee(CsHzF10) 1,300 1995
HFC-125(CzHFs) 2,800 1995
HFC-134(CaHaF) 1,000 1995
HFC-134a(CH2FCFs) 1,300 1995
HFC-162a(CaHaF2) 140 1995
HFC-143(CzHsFs) 300 1995
HFC-143a(CaHsFs) 3,800 1995
HFC-227¢a(CsHF) 2,900 1995
HFC-236fa(CaHzFs) 6,300 1995
HFC-246¢a(CsHsFs) 560 1995
Chloroform(CHCl)* b 1994
Methylene chloride(CH:Cl2)* 9 1994
Sulfur hexafluoride(SFs) 23,900 1995
Perfluoromethane(CF.) 6,500 1995
Perfluoroethane(CzFe) 9,200 1995
Perfluoropropane(CsFs) 7,000 1995
Perfluorobutane(CsF1o) 7,000 1995
Perfluorocyclobutane(c-CaFs) 8,700 1995
Perfluoropentane(CsF) 7,500 1995
Perfluorohexane(CsF14) 7,400 1995

*EAlE Indirect effect 242 Z&IUS

£# : IPCClIntergovernmental Panel on Climatic Chang 1994/5, direct effect), the Time horizon 100 year COz-equivalents.
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GWP#-& thH-3 IPCCell 2314 e 3k
o] Aty o=z ALYy a2y JIEER
2 XAFE COxe ti7|oAe] o] EokAs)
7] W Eol] o] Z Q13 QWP #So] A& e
o] ik mWEhA CO29l 4920, 1004,
5009)9l met BE B9 GWP #Eo] t&
#oZ = AL G Aok

LCAdAM & T8 CO29] 4] 100d9-&
7Vt ol M2 HES ke Ao] BHg)
ol i}, (F 8)2 UN Atsle] IPCCelA
199530l =X 3 Direct Effect 3& 71502
8la &3 B4l tisie 19940l EEg
Indirect effect@t-e EF31= equivalent factor

(2 9) 2E5 L=d

]
>
oo
_o|£
£
T
hul
N
gl
S
£
=
=
¢
2
5.
S
rlo

o}, 2&Z 99(Ozone Depletion)

&% g tF FeAs LEFS B
3l B4 H=E CFC11Y o3 o2& 4
AEE 7IF22 Yy, ODP(Ozone
Depletion Potential)g} gt} ODP= T
Z& A o) 78 4 U

JRe B8l g 4SE eE A

CFC11el 93 438 & e

ODP =

&3 93 HE= WMO(World Mete-
orological Organization)®t UNEP (united

CFC-11(trichlorofluor , 1
CFC-12(dichlorodifluoromethane, CF2Clz) 0.82
CFC-113(trichlorotrifluoroethane, C2FsCls) 0.9
CFC-114(dichlorotetrafluoromethane, C:FsCl) 0.8
CFC-115(chloropentaflucrosthane, CaFsCl) 0.4
HCFC-22(chlorodiflucromethane, CF2HCI) 0.034
HCFC-123(C2FsHCl2) 0.12
HCFC-124(C2F.HCI) 0.026
HCFC-141b(C2FHsCl2) 0.086
HCFC-142b(C2F2HsCl) 0.043
HCFC-225¢a(CsFsHCl2) 0.017
HCFC-225¢b(CsFsHCl) 0.017
Carbon Tetrachloride(CCla) 1.2
Methylchioroform(CHsCCls) 0.11
Halon-1301(bromotrifluoromethane, CFsBr) 12
Halon-1211(CF:CIBr) 5.1
Halon-1202(CF:Br2) 1.25
Halon-2402(CF:BrCF2Br) 7
HBFC-1201(CF.HBr) 1.4
HBFC-2401(CFsCHFBr) 0.25
HBFC-2311(CFsCHCIBr) 0.14
Meth! bromide{CHsBr) 0.37

&4 | WMO(World Meteorological Organization, 1998)
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Nations Environment Program)o|A 1998
ol FE 3t equivalent factorE AHEE = Qlth.
1 #2 o (9l Y.

2}, 3318 AHsE A A (Photochemical
Oxidant Creation)
ket AR 32 NO2U VOC S0) 5

B %J—E’Vﬂ &Fd WA APE 2
%oﬂ '4 r—_' T-l——’- EaL,
ATEAAE FEFE 7

. BEE AslES AAdske B4 digte
ethene(CoHa) < 7T o2 A<l Faldhs
AR =g Fat=d, o|& POCP(Photo-
chemical Oxidant Creation Potential)2} &

(E 10-a) 515} M3t2 WA BFO| BY Mgt

Alkanes Cyclohexanol 0.446
Methane 0.006 Alkenes

Ethane 0.123 Ethylene 1.000
Propane 0.176 Propylene 1.123
Neopentane 0.173 But-1-ene 1.079
n-Hexane 0.482 cis-But-2-ene 1.146
2-Methylpentane 0.420 trans-But-2-ene 1.132
3-Methylpentane 0.479 Methylpropene 0.627
2,2-Dimethylbutane 0.241 cis-Pent-2-ene 1121
2,3-Dimethylbutane 0.541 trans-Pent-2-ene 1117
n-Butane 0.3562 Pent-1-ene 0.977
i-Butane 0.307 2-Methylbut-1-ene 0.7
2-Methylhexane 041 3-Methylbut-1-ene 0.671
3-Methylhexane 0.364 2-Methylbut-2-ene 0.842
n-Pentane 0.3% Butyraldehyde 0.795
i-Pentane 0.405 i-Butyraldehyde 0514
n-Octane 0.453 Pentanaldehyde 0.765
n-Heptane 0.494 Benzaldehyde -0.092
n-Nonane 0.414 Ketones

n-Decane 0.384 Acetone 0.094
n-Undecane 0.384 Methylethylketone 0.373
n-Dodecane » 0.367 Methyl-I-butylketone 0.490
Cycloalkanes Methylpropylketone 0.548
Cyclohexane 0.290 Diethylketone 0.414
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y . 0.364
Hexan-2-one 0.672 Diisopropylether 0.476
Hexay-3-oney 0.599 Hex-1-ene 0.874
Meth 1-t-butlketone 0.323 cis-Hex-2-ene 1.069
Alcohols trans-Hex-2-ene 1.073
Methanol 0.131 Styrene 0.142
Ethanol 0.384 Dialkenes
n-propanol 0.543 1,3-Butadiene 0.851
n-Butanol 0.612 Isoprene 1.092
[-propanol 0.140 Alkynes
I-Butanol 0.375 Acetylene 0.085
s-Butanol 0.400 Aromatics
t-Butanol 0.123 Benzene 0.218
3-Pentanol 0.422 Toluene 0.637
2-Methylbutan-1-ol 0.407 o-Xylene 1.053
3-Methylbutan-1-ol 0.412 m-Xylene 1.108
3-Methylbutan-2-ol 0.366 p-Xylene 1.010
2-Methylbutan-2-ol 0.142 Ethylbenzene 0.730
Diacetone alcohol 0.262 Propylbenzene 0.636
Glycols I-Propylbenzene 0.500
Ethylene glycol 0.382 1,2,3-Trimethylbenzene 1.267
Propylene glycol 0.457 1,2,4-Trimethylbenzene 1.278
Ethers 1,3,6-Trimethylbenzene 1.381
Dimethylether 0.174 oEthyltoluene 0.898
Methyl-t-butylether 0.162 m-Ethyltoluene 1.019
Diethylether 0.467 p-Ethyltoluene 0.906
3,b-Dimethylethylbenzene 1.320 Esters
3,5-Diethyltoluene 1.295 Methyl formate 0.033
Aldethydes Methy! acetate 0.046
Formaldehyde 0.519 Ethyl acetate 0.213
Acetaldehye 0.641 I-Propyl acetate 0.213
Propionaldehyde 0.798 n-Butyl acetate 0.241
Ethyl-t-butylther 0.214 s—Butyl acetate 0.267
Alcohol and glycol ethers t-Butyl acetate 0.065
2-Methoxyethanol 0.300 Halocarbons
2-Ethoxyethanol 0.387 Methy chloride 0.005
1-Butoxypropanol 0.436 Methylene chloride 0.068
2-Butoxyethanol 0.438 Chloroform 0.023
1-Methoxy-2-propanol 0.368 cis-Dichloroethylene 0.447
Carboxylic acids trans-Dichloroethylene 0.392
Formic acid 0.032 Tetrachloroethylene 0.029
Acetic acid 0.097 Trichloroenthylene 0.325
Propanoic acid 0.150 Methy! chloroform 0.009

&% : Derwent R.G.et.al., 1998 Photochemical Ozone Creation Potential for Organic Compounds in Northwest Europe Calculation
with a Master Chemical Mechanism. Atmospheric Environment
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(E 11) M3} FUER| AP(Acidification Potentials)

Surfur trioxide(S0s) SOv+H20—H:504—2H* +504* 80.06 0.80
Nitrogen dioxide(NOz) NO241/2H20+1/40:-H*+NO* 46.01 0.70
nitrogen oxide(NO) NO+1/2H20+0s—H"+NOs +3/40: 30.01 1.07
Hydrogen chioride(HCD HCl—H*+Cl 36.46 0.88
Hydrogen nitrate(HNO3) HNOs—H*+NQOs 63.01 0.51
Hydrogen sulfate(H2S04) H2504—2H"+504* 98.07 0.65
Hydrogen phosphate(HsPO4) HaPO4—3H*+P0." 98.00 0.98
Hydrogen fluoride(HF) HF—=H"+F- 20.01 1.60
Hydrogen sulfide(H=S) H2S+3/202-2H*+50s" 34.03 1.88
Ammonium(NHs) NHs+20-—H*+NOs +H:0 17.03 1.88

1) % source : Hauschild & Wenzel (1997)

t}. POCP: thg 2dl| <J8] & 4= sict.

1998 Derwent R.G.et.al7} th7]&s]of] @
3 =F A AAISEL Y= equivalent factor
£ (& 10} Jelddt. o] g2 Aa7A &
249 B35 et 7P H29
Aoy, A9 ¢le] EPD(Environmental
Product Declaration) Programol]A % ©] H]
olEl& AjEste] AMS-PTt. 18y VOC Ee
Bl E dukz oz AMSEHE HEYEL
B A ke dde] .

u}, AH 8 Acidification)

A sl tigt -3k AH3EHE sk
EZM WEEE proton(H)Y 5 S029|
FRoZ YehyH, o|& AP(Acidification
Potential)o|2} 319, oef gt 4] oh5-3 2
1, 2 A= (11D Yehie.

32g SOz-eq
gX-eq

APofE8 X =

1}, 2 %3} (Eutrophication)

B ¢FdA e dFol A &
F w3l | 53 HA S A A EE Y
dE oAz

Rgd3lE 2oshke dUEARE HWFL
2 w2d Ak g} E, FFoR HEEHe 2
&, 2 {7184 Fo] 3ok A7IM e I
FE EY FAgsle} o5 B3k AT W
F2 U7t BY FIgsks d7|5eE o)
Z5& NOx9t BEY o] 49l 93 A
olt}, AFga} wj717t27F NOx9] F8 9o
=3 9.

% e seEiY e Aa
U oloj) of] wAEtH, Holuh g9 22
Ay FHolA] dojdrt.

HodokslZH(EP : Eutrophication potential)
E total-N, total-P F¥& NOs9| 3#Fo.2 e}
d SE g, Oz, POsS] 922 Yehlle 7
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(E12) T-N, T-P £= NOs9| 2Zo= LIEHH EP
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NOs~ 62 0.23 0 1
NO: 46 0.30 0 1.35
NO2~ 46 0.30 0 1.3
NO 30 0.47 0 2.07
NHs 17 0.82 0 3.64
CN™ 26 0.54 0 2.38
Total-N 14 1 0 4.43
PO#& 95 0 0.33 10.45
P20+* 174 0 0.35 11.41
Total-P 31 0 1 32.03
¥ source - WWw.eea.eu.int
(E 13) 02, POsQ| 2202 LIEJH EP
.
"N to air 20 0 0 20 20 0.42
NOx to air 6 0 0 6 6 0.13
NHs to air 16 0 0 16 16 0.35
N to water 0 0 20 20 20 0.42
NOs™ to water 0 0 4.4 4.4 4.4 0.1
NH4* to Water 0 0 15 15 15 0.33
P to water 0 140 0 0 140 3.06
PO+ 0 46 0 0 46 1
CoD 0 1 1 1 1 0.022
¥ source * www.eea.eu.int
A}, eAl ZA4 (Ecotoxicological Impacts) noll WiEse 82 i &
e A B4 318t - EEE Edo| AH E = 2714 EY, FFolghs mi7/lAI mol
]°ﬂ JaZ 7 ]——i Yehted), AeisSAdx did 24 i dEAF
e 0 EE B9 T/ gl &t F = 29| oj7iA] nollA moz HgHE of
A o}, J&F ]-r(S)‘—:— thee] Aoz vepd HiEHE B o gt =&AL HI S
F Stk o} QIZF=EAl] 3-g-1A}
QIZFEA ] de=d] Ye] ALeEE A
S?m:EszmeIH 0—10 u‘l‘] oE:]
4hA-© Heijjungs et al.(1992)¢] #|ket Wy
714, 2 Fate Analysis® ¥3eHK gedth At &
M = 71V EY FFolgis & a/iA Ao g dgeixke t7], £2 2 EF T
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=
QIR AME o edEe A
E d

TSR] e
T3 EYQAES A9t thE wix| <o)
ko]

o|2 s 8RR Aot EFAS 9
g A=, dee Al 7R FEPEF tis)
&AL 22 &9 (kg Body- Weight / kg
Substance) & 7| 8171 918t AR&-gh),

A7|Ae 7] WEES A F4S st
7] Y984 HCA(Air Emission for Human
Toxicity) Bhe B-8AAE ARSI, &3t 2
< IAITE o83t & 5 Uk

- Tolerabel Concentration in Air(TCL) by
RIVM

- Air Quality Guide-Lines(AQG) by WHO

* Tolerable Daily Intake(TDI) by RIVM

- Acceptable Daily Intank(ADI) by WHO

FAMEES 54 4-8UA= HCA(Water
Emission for Human Toxity)7} 220]at, A
$UAE TDI & ADIE o] &3l +&

o

(E 14) 1995U12 7|1ZHER 8 Brisl 3t

Abiotic ResoUrce Depletion

gAY 2387 L /;\ A

fouk e

Ak,

agla EGHEEY SA= HCS (Soil
Emission for Human Toxity)2hs 4391217}
AREEL

® A3+ Normalization)

g7ddgke] AiEQl Ao Ui BEe A
HE A7) 93, Fsl dAlE 338 E.

ZAaldA M 54935 dAAN 78 AF
W3 Effect Score® A3} gHo 2 U] 7}
Jeprg 2 Hskd dFaE T He
o, A3} GAE S A FYA BAH B
24e] ARl Z1AEE & 5 YA At

73} g2 AR 717HETo] SR Gl 3
2Rl el g3 oprlHE FFE Ariske
Aoz Fitsls s3] Halxe HA &2
29| A5t3t gk(Normalization Score: NS)
< gololgit},

A7E e GPATEE BRE 55 I5
9] 373 kg adehe F-AAE F3
Y9I FER TE3T)

Ni = Z(Load, - eqvi.)

2.94E+03 g/person - yr*

Global Warming 5.66E+06 g CO: eg/person - yr
Stratospheric Ozone Depletion 8.26E+01 g CFC11 eg/person - yr
Photochemical Oxidant Creation 7.37E+03 g.CaHa eq/person - yr
Air Acidification 5.64E+04 g SOz eq/person - yr
Eutrophication 2.83E+04 g PO+ eq/person - yr
Ecotoxicity _ Water A17E+04 m?® water eq/person - yr
Human toxicity _ Air 6.67E+04 body wt eq/person - yr
Human Toxicity Water 8.41E+00 body wt eg/person - yr
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( Normalization D

gEHF ES | NF | NS

ES : Effiect Score  NF : Normalization Factor

NS : Normalized effect Score

(. Weighing )

WF Indicator

WF : Weighting Factor
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T4 (Identification)
EE(Input)
tiEE (Output)

AN g

(Potential Impact)

Y

TJ}H(Evaluation)
NN ZHAL

(Completeness check)
AUTEA HAL
(Sensitivity analysis check)
BN HAL

(Consistency check)

4

dg, 9 H1u
(Conclusion, Recommendation, Reporting)
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