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A Study on the Environmental Performance of Products- Establishing an

Ecological Footprints Conversion Framework for Environmental | mpacts

Abstract

For achieving business sustainability, enterprises are looking for suitable tools to evaluate product’s
sustainability. Traditiorally, life cycle assessment (LCA) is using for assessing product’s
environmental attributes. However, LCA suffers from the subjective weighting judgment when
environmental impact assessment is involved. Using the concept of ecological footprint (EF), which

isaconversion of resource consumption to land, to assess the product could resolve the controversy
mentioned above. In the past, EF assessments were concentrated on evaluating resources
consumption rather than pollution or environmental impact. In order to appraise the environmental

attributes of products, a framework based on the carrying capacity of lands and the purification

capacity of vegetations to convert pollution into land was developed. Using the methodology
developed, severa environmental impacts are able to convert into EF, these include global warming,
atmospheric acidification, photochemical ozone (smog), eutrophication and heavy metal

contamination of soil. Results from a LCA study of lead acid battery were utilized to estimate the
EF of environmental impacts mentioned above, they are 3.58ha, 28.55ha, 1.01ha, 0.0003ha and

0.05ha for globa warming, atmospheric acidification, photochemical ozone (smog), eutrophication

and heavy metal contamination of soil, respectively. It is believed that the conversion framework

developed in this study should be able to boost the study of evaluating the sustainability of products,
and to differentiate the products based on the environmental attributes.

Keyword: Ecologica footprint analysis, environmental impact, conversion factors, product
evaluation, environmental attributes
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11

1991
2000
(Chambers & Lewis,
2001)
(Design for Environment, DfE) (Environmentally
Friendly) (sustainability)

2002

(Life Cycle Assessment, LCA)

(Ecological Footprint, EF)

LCA

Wackernagel and Rees 1996
CO,
Frey, Harrison and Billett 2000 2000

(Chambers & Lewis, 2001;
ECOTEC-U.K., 2001)
(Wackernagel & Rees, 1996)

(non+linear assimilation capacities) (Chambers &

1



Lewis, 2001)
uvB
(Wackernagel & Rees,
1996/2000)

2000

Wackernagel and Rees

2000

(conversion
factors)

Wackernagel and Rees 1996

LCA
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1.3

Chambers and Lewis 2001

(Krotscheck and Narodoslawsky 1996, Folke et al. 1997;
Chambers and Lewis, 2001)

Wackernagel and Rees 1996
Wackernagel and Rees

1-2
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Wackernagel and Rees 1996

1997

2002

2002



SimaPro
LCA



2000

ICl

2.1

(Sustainable Development)
(Commission on Conservation) 1915

(Sitarz, 1998 1999) Rachel Carson
1962 (Silent Spring)
(WCED) 1987 (the
Brundtland Report)
WCED, 1987 1999
1992
(Agenda 21)

(The Natural Step)

(ES) (Systems Models) (EIA and CL)
(CEPE) (LCA) (Energy and “eMergy” Anaysis)
(MIPS) (EF (Chambers, Simmons & Wackernagel,

2001)

1999



211

(NAMEA) (SDI) (HDI)
(MFA) (TMR) (GS) (ISEW) (EF)
ECOTEC-U.K. 2001 8 2-1
2-1
el
- i A
~ 3 # " o .
EF P L,
.-"'.-" "
£ Y,
£ il b1
NAMEA | \~
I '}ﬁ
/ \
SDI / \
HDI 1! o ]
§ ]
MFA \ 1/
y !
‘5.‘ a'llll_
ES "W\ A
R 77
TMR e
e VA
- il
T -
Ho ” [1] ”

ECOTEC-U.K., 2001

2-1

Wackernagel and Rees 1996

10




212

WWEF, 1991; Chambers & Lewis, 2001)

2001)

(Chambers & Lewis, 2001)

2002

(Environmental Labeling)

1.
) (MIPS)
MIPS (meterial accounting)
(ecological rucksack)
(Chambers & Lewis, 2001)
2 (EMFA & MBA)
EMFA MBA (input/output)

(materia flows)

(Chambers & Lewis, 2001)
©) (LCA)

LCA

(ISO)  LCA 1SO 14040
11

(IUCN UNEP,

(Chambers & Lewis,



ISO 1997

(Goal and scope definition)
(Life Cycle Inventory Analysis)
(Life Cycle Impact Assessment)
(Interpretation)

4 (Eco-Efficiency)
2001
®) (SP1)
SPI
SPI (Krotscheck
& Narodoslawsky, 1996)
Ac= At AT AT AT A
SHl Atot Atot
AR AE Al As
Ap n?
2.
1)
LCA
1999 2001 2002
. LCA



. LCA

LCA
(Classification)
(Characterization)
(Vauation)
(Weighting) SO, 1997 1999
1999 2002
LCA
1998
)
2001 2002
. (Anite, 1999) (value-added)

2002

13



©)

(Chambers & Lewis, 2001; ECOTEC-U.K., 2001)

« EF
« EF

. EF

LCA
LCA

Chambers and Lewis 2001
Wackernagel and Rees 1996

14



2.2

1960 (Carrying Capacity)

1977 1986 1999
Odum, 1983 1999 1996

1999

1999
(Wackernagel & Rees, 1996/2000)

2.2.1

Wackernagel and Rees 1996

(Wackernagel, 1994;
Wackernagel & Rees, 1996)

(Wackernagel & Rees, 1996/2000) 2-1

15
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2-1
Wackernagel & Rees, 1996/2000

(earth share)
1999

2.2.2

Wackernagel and Rees 1996/2000

@D
2

16



©)

4)
©)
2.
(TUCN) Wackernagel 1994
Wackernagel and Rees 1996 2-2
2-2 8
D a
c,d e f
2 (consumed land) |b.
(€) c.
d.
e.
f.
(4) g
h.
Wackernagel, 1994; Wackernagel & Rees, 1996/2000
3.
Wackernagel 1994 5 8
2-3

(Wackernagel & Rees, 1996/2000)

17



2-3

(halcap)

Wackernagel & Rees, 1996

2.2.3
Wackernagel & Rees, 1996
1998 1999
1.
2. (i)
(aa) (G) (1)
aa=c/p,
/ kg/ha
3. (n) (aa)
(€f)
e =4 aa

i 1ton

18

1997



4. (N) (EFp)

EF,=N “&f
2.24
1.
. Wackernagel and Rees 1995, 1997 |, Wackernagel et al. 1999
Simmons, Lewis and Barrett 2000 , WWF 2000 , Barrett and Scott 2001 , BFF 2002a |,
1996 1998 1998
. / Roth, Rosenthal and Burbridge 2000 , Chambers and Lewis 2001 |
2001
. Flint 1999 | Venetoulis 2001
. Lewis, Simmons and Chambers 1998 , Frey, Harrison and Billett 2000
Chambers, Simmons and Wackernagel 2001
. 1999 2002 2002
Hansson and Wackernagel 1999 BFF 2002b
1998 1999
2002
2.
LCA
(1) BFF (Best Foot Forward), 1998
BFF Vizcarra 1995 LCA (per baby
year)

2-4 Vizcarra
19



0¢

EF EF ”
EF EF EF EF EF EF
( ) )
/ (ha) (ha) (ha),: (ha) (ha) (ha)
0.0164 0.027 |/«
hGI halG | -__8.216GJ 0.135 0.222 | 0.832GJ | 0.014 0.023 | 1.768GJ | 0.029 0.048
."J f 0 0 0 8.788GJ | 0.154 '-.."-.0.238 4.88GJ 0.08 0.132
0.0002 0.0009 . 3 3
halm? halm | 21.58m 0.004 0.02 8.008m 0.002 0.008 | 10.97m 0.002 0.01
| 0 0 0 41.65m | 0008 | 10.039 | 17.06m> | 0.003 0.016
00019 | 000351 ]
halkg nalkg \ -.I..159.64kg 0.3 0.558 0 0 J 0 0 0 0
0.0033 0.0058 |\ Fy'
halkg halkg 0 0 2.6kg 0.009 0.015 4.16kg 0.014 0.024
0.44 0.8 048" | 032 0.13 0.23

Chambers, Smmons & Wackernagel, éOOEL.:_-_-. -

-




2-4

0.8
0.32 0.23
(20 Lewis, Smmons & Chambers, 2000
Lewis, Simmons and Chambers 2000 LCA
(EFA) (SP)
2-5 (EF 1) BFF (EF 2)
Krotscheck and Narodoslawsky 1996
2-5
EF1 EF 2
(- yeer) (rP-yeer)
25& 33
33cl 1,535 10,877
33cl 1,653 19,921
25 cl 1,703 12,436
33cl 2,014 21,775
33cl 2,514 22,134
33cl 3,898 27,804
50
489 7,392
1,496 28,391
1,994 17,837
3,945 21,714
150
388 6,043
799 16,596
Lewis, Simmons & Chambers, 2000
EF 2 EF 1 SPI EFA Chambers
SPI

SPI (double counting)

21



(3) Frey, Harrison & Billett, 2000

Frey, Harrison and Billett 2000 LCA
(bottom-up)
(bioproductive space)
2-6
2-6
() ()
0.687 699
0.579 1,070
0.0327 711
1.3 1,770 0.18

Frey, Harrison & Billett, 2000

0.18
9%

Wackernagel and Rees
1996
Chambers, Simmons and Wackernagel
2001
Frey, Harrison and Billett 2000

2001

(Chambers & Lewis, 2001)
LCA

LCA



2.2.5

2002

Wackernagel and Rees 1996

2002

2002

23

2002

2002

CO,

CO,



2.3

231

(Imperial Chemical Industries, ICl) 1990
(Environmental Burden, EB)

(ICl, 1996)

2.3.2

3 (ICl, 1996)

1. ICI

2. (potency)
(factor)
3. ICl

2.3.3

(ICl, 1996)

EB=aW. PF..

24



W PF (potency factors)

2.34
(PF)
ICI 1996
ICl Brixham
Zenecaplc
1
SO,
1
1 SO, 1.88
NO; 0.7
ICl

2.35

ICl

LCA
2-7
2-7
pH

(dissolve)

25




CO,

1997

CO,

1952

4000

10

SimaPro User manual, 2001

26

1999

2001




Wackernagel and Rees 1996

(Wackernagel & Rees, 1996/2000)

Wackernagel and Rees
Wackernagel and Rees 1996
1,000 1.8 CO,

CO 1.8 1

Wackernagel and Rees
1996

2002
CO,

Wackernagel and Rees 1996

ICl

31

27
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ICl
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A
31
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ICl
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312

120007g/kg

1989
1998

32

22

720 1989

12

5.5mg/nt

1989 1997

90%

32~-80
68 /ha

1989
100mg/nt

89 297 321

31

20mg SO, 1
3000nykg
1989
42
364 /ha
68
850mg/nt
1997
4
104
1998
1998
1999
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1997

1997

32



3.2

(Stomata)
1991 1993 1997 1997
1998
(SO2) (NG)) (Os) (HF) (HCl)  (NHs)
(Peroxyacetyl nitrate PAN) (CaHy) (Formaldehyde) (H29)
(HCN) (Ch) (Benzene) (Toluene) (Xylene) (C3Hs)
(Acrolein) ? (Acrylonitrile) (HNO3) (H2S04)
1993
3.2.1
CO; CO,
CO; CO;
CO,
CO,
1. CO,
Wackernagel and Rees 1996 CO2
3,591,500 2,102,400 59%
37 CO, 1998 1999
CO,
45~16 27~11.2 1.8~9
(http://www.pzhsteel .com.cn/pglys/hjr.htm) Wackernagel and Rees 1996
50 80
CO, 1.8



2. CO,

Wackernagel and Rees 1996

1.8
/ CO, 0.56 37
/ CO; CO; 0.03 CO;
Wackernagel and Rees 1996
CO,
CO,
CO,
CO,
3.
ICI ICI CO;
1 CO; CO;
31
31
PF - -
1 0.56 0.03
3 1.68 0.09
1,400 784 42
4 2.24 0.12
21 11.76 0.63
9 5.04 0.27
310 173.6 9.3
(NOy) 40 224 1.2
11 6.16 0.33
(VOC)
ICl ,1996; |ChemE, 2002
3.22
SO, NO 1997 1999




pH 5.6

1995
1 SO,
SO, O
1997 1999
2 SO,
1 3 SO,
1993 1997 20
720 1989 20mg SO
SO, 3.5~7. 5mg SO, 1991
1997
SO, 1997
SO,
3 SO,
1997
100 4~8 10-20
5 100
85 6 12
27,432 2.16 / 0.837
/ 2041 |/
162,151 1,285 / 140.4 /
55 /
1997
SO,
SO,



(stand density)
Farnden 1996 , B.C. Ministry of Forests 1997a, 1997b, 2001 and Mitchell 2000
3-3
Wackernagel and Rees 1996
50~80
1966 Lamb and Borschmann 1998

1100 / 1,100

Stand Density Management Diagram
Lodgepele Pine (Matural Stands)

Verskon 1.20, Feb. 26, 1908

- — — Guadratic Mean Diameter

''''' Top Height

I:l Density Range For Maximizing CAl
-- -- - TASS-Predicted Mortality Curves

= e [W2an and Loweer Limits of the
Ry Zong of Imminznt Compstition Mortality
7
s
.‘-m-_\
- v
e R
= | : -,1‘\;
i ' ', A
E Sl NN
o : PR N
= i A
= e J: Ny % Y
0 i »
£ | IS
= il A iy
5 . S :\h 3 k'{f \\
= It i s B P
N % ol .Y
T
! 1 2™ k)
I ALY \'\
Y 1 ‘\‘ 1 .
n ] T T T '
! | L L BN
3 )
N ' L
{‘_—‘:_h"':-..__; I| | %“"
N o O A Y
o 1 o T Y
i 2y I i ] Y
. I 1 A% ) ! IR 1Y
T A s
er— i1 ' 0 TE LT LI =
0005 e e
200 400 i 1000 2000 4000 000 10,000

Trees Per Hectare

Farnden, 1996
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1997 1,100 /
SO, SO, 32
3-2
- - / / -
2.16 1,100 2,376 0.00042
NOy 0.84 1,100 924 0.0011
SO, 0.02 1,100 22 0.045
1997
0.
ICI SO
3-3
3-3
PF / -
SO, 1 0.045
HCI 0.88 0.04
NO, 0.7 0.032
Ammonia 1.88 0.085
HF 1.6 0.072
H,SO4 mig 0.65 0.029
ICl ,1996; IChemE, 2002
3.2.3
SO, SO,
SO,
SO, SO, 0.045 /
ICI 1996 SO, 0.048
1 20.83 0.045%x20.83=0.94 /

ICl 1996
3-4

37




PF /
SO, 0.048 0.045
Ethylene 1 0.94
Toluene 0.771 0.725
CO 0.027 0.025
Methane 0.034 0.032
Acetaldehyde 0.65 0.611

ICl ,1996; IChemE, 2002




33

2001
2001
(ecotone) 2002
2001
2002 2002
2002
(emergent macrophytes)
(free-floating macrophytes)
(floating-leaved , bottom:-rooted)
(constructed wetlands for water pollution control)

Metcalf & Eddy, Inc., 1991; IWA, 2000

2001

2002 2002

2002

Wackernagel & Rees, 1996/2000

39



331

1998
PO,
PO43- e e
—_ R,
1. PO& i T
1998 N
:; 1998
.'rl "
/ 1998 22.5kg/nt '\
/] s125kgnt 1908 W\
T-N  1.34g/n?-day NH4*-N
0.99g/nf-tlay PO,>-N  0.31g/nf-day BOD 6.47g/nf-day SS  18|1g/n-day

q.

T-N 4,891kg/ haﬁJ jear NH,*-N
3,6135kghayear PO N 1,131.5kg/ha-year BOD 23,615.5l§?ﬂwa-year SS
66,065kg/ha—yee{”~\ /

Y 4
“'\-_ i, d __.-".
b 4 '___.-'
PO43- : %, %5 ¥ ¥ ' i
b '\-\._-'\""\-\. __.-" __-""
s é-:_s"'-\-_\_ __'_,_,.,-"""F_-;.-"' =
e

-/ -/ / -
T-N 1.34 4,891 0.0002
NH.*-N 0.99 3,613.5 0.00028
PO, >-N 0.31 1,131.5 0.00088
BOD 6.47 23,615.5 0.00004
SS 18.1 66,065 0.00002

1998




IC PO,
3-6
3-6

PF /-
NO, 0.2 0.00018
NO 0.13 0.00012
N Oy 0.13 0.00012
Ammonia 0.33 0.00029
Nitrogen 0.42 0.00037
PO 1 0.00088
Phosphorus 3.06 0.00271
COD 0.022 0.00002

ICl ,1996; |ChemE, 2002

41
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1999
1998
1998
Wackernagel and Rees
34.1
1997 2002
3-7
3-8

3-9
42



mg/kg

37
20 100 200 40
20 1 100 100 1 60 150 200
20 5 250 375 4 125 150 700
1 100 50 1 30 50 150
3 150 140 | 15 75 300 300
55 | 12 380 190 10 210 530 720
1 100 50 1 30 50 150
2 2 80 100 | 05 15 56 185
0.4 30 40 0.3 30 40 75
0.8 25 50 0.8 50 50 200
5.0<pH<5.5 80 50 200
5.5<pH<6.0 100 60 250
50 3 400 1 300
60 pH 7.0 135 75 300
pH>7.0 200 110 450
5-75 | 10-85 1,000 1,000 10-57 | 200-420 300 12,000
D -3,000 | -4,300 -1,000 | -7,500
1-3 | 100-500| 50-140 | 1-1.5 | 30-75 | 50-300 | 150-300
50 5 500 200 50 200 | 1,000 | 600
80 | 15 600 600 15 250 | 2,000 | 3,000
150 | 20 800 | 1,000 | 20 500 | 2,000 | 3,000
20 3 750 150 | 0.8 150 200 600
30 5 250 100 2 100 | 2,000 | 500
50 | 20 800 500 10 500 | 1,000 | 1,500
pH<6.5 75 5 600 250 15 5 300 500
pH>6.5 75 | 20 1000 500 20 1,000 | 1,000
15 100 75 100 300
20 4 100 300 1,500 | 120 300
40 | 20 200 500 1,000 | 500 | 1,000
50 | 60 625 500 10 | 1,000 | 1,000 | 1,000
2




PH 55 40 5 400 200 200 500 500
PH 55 30 5 300 150 1 150 400 400
50 5 250 400 200 2,000 | 1,000
50 20 800 500 10 500 2,000 | 1,500
5 200 5 500 600
60 20 250 400 20 200 2,000 | 2,000
2.5 120 2 300 260
30 10 175 220 10 130 1,000 | 1,000

New Hampshire, Vermont, Massachusetts, New Y ork, Rhode Island, Maine,

Connecticut
1994 1999 2002
mg'kg
38

(As) 4 4~9 10~60 60 60

4 4~15 16~60 60 60
(Cd) 0.05 | 0.05~0.39 | 0.40~10" 10 10
(Cr) 0.10 0.10~10 11~16 16 40
(Cu) 1 1~11 12~20 21~100 100 180
(Hg) 0.10 | 0.10~0.39 | 0.40~20" 20 20°
(Ni) 2 2~10 11~100 100 200
(Pb) 1 1~15 16~120 120 200
(Zn) 15 | 1.5~10 11~25 26~80 80 300

As Hg Cd Cr Cu Ni Pb Zn O0.AN

1mg/kg

http://ww?2.epa.gov.tw/soilgw/page0l/
-asp




3-9

1mg/kg

3-7

3-8

1997
0~30

2,650 kg/nt

http://ww2.epa.gov.tw/soil gw/page0l/

-asp

2002

Hillel 1998
2,650kg/n?




(mg/n)

(mg/kg)x

(kg/nT)

21 (mg/kg)” 2,650 (kg/m*)=55,650 (my/m°)= 556.5 (kg/ha)

310

3-10

ma/kg kg/nt kg/ha halkg
A9 10 2,650 265 0.0038

16 2,650 424 0.0024
(Cd) 0.4 2,650 10.6 0.0943
(Cr) 11 2,650 291.5 0.0034
(Cu) 21 2,650 556.5 0.0018
(Ho) 0.4 2,650 10.6 0.0943
(Ni) 11 2,650 291.5 0.0034
(Pb) 16 2,650 424 0.0024
(zn) 26 2,650 689 0.0015




342

1998

Reganold et al. 1987
2002

1987 2002

2,650 kg/nt 312

47



1514

3-11

RCRA
(Ppm) /
0.05 0.5 5 1 0.5-20 1 1 5

0.1 5 50 50 70-500 8,000 100 250
0.1 5 30 100-500 20,000 100 500
0.1 5 50 25 500-1,000 200,000 500 500

2,4- 1-10 200 10

1 1
0.5 5 50 1 0.05-1 0.09 1 1 0.09
60 1-60 60 60 60

5 5-25 2,000 5 200

40 20-100 50000 200 40
0.04 0.04 0.04
0.04 0.04 0.02 0.04

4-100 100

2002




3-12

ma/kg kg/nt kg/ha ha'kg

5 2,650 132.5 0.00755
5 2,650 132.5 0.00755
100 2,650 2,650 0.00038
1,2- 8 2,650 212 0.00472
-1,2- 7 2,650 185.5 0.00539
-1,2- 50 2,650 1325 0.00075
1,2- 0.5 2,650 13.25 0.07547
1,2- 100 2,650 2,650 0.00038
1,3- 100 2,650 2,650 0.00038
33- 2 2,650 53 0.01887
250 2,650 6,625 0.00015
500 2,650 13,250 0.00008
200 2,650 5,300 0.00019
10 2,650 265 0.00377
500 2,650 13,250 0.00008

1,000 2,650
TPH 26,500 0.00004
60 2,650 1,590 0.00063
2,45 350 2,650 9,275 0.00011
2,4,6- 40 2,650 1,060 0.00094
10 2,650 265 0.00377
500 2,650 13,250 0.00008
0.04 2,650 1.06 0.94340
0.5 2,650 13.25 0.07547

3 2,650
oo™ 795 0.01258
0.04 2,650 1.06 0.94340
20 2,650 530 0.00189
0.2 2,650 53 0.18868
0.6 2,650 15.9 0.06289
60 2,650 159 0.00629

49




ma/kg kg/nt kg/ha ha'kg

0.001 2,650 0.0265 37.74

0.09 2,650 2.385 0.41929

http://w3.epa.gov.tw/Epal aw/doc/140120.doc

3-12

343 i -'~:H

\\\ 2002 /




3.5

1997 1996
1998
1996 1996
1998~2001
1. SOx
1999 2000 2001 2002
SO, 2000
2001 1996
SO, SO, 0.045(halkg)
1998~2001 SO, 3-13
(EF)= (W)x (CF)
3-13 SOy
1996
W (kg/cap.) CF (halkg) EF=WxCF (ha/cap.)

1998 18.4 0.045 0.83

1999 194 0.045 0.87

2000 15.7 0.045 0.71

2001 15.7 0.045 0.71

1999 2000 2001 2002
SOy 1998~2001 0.83 0.71
SOy 0.83 0.71
2.
1996 NOy CO N.O CO;
1.2 0.09 9.3 0.03(halton)

51



1999 2000 2001 2002 NO, CO

2000 2001 N.O CO 1998
2000 1998
22 CO, 1.965
CO, 8.93 2000 22.3 CO;
2.389 CO, 10.71
N2O 3.8 N2O 0.002
1998~2001 NO, CO N,O CO; 3-14
3-14
1996
W(ton/cap.) CF (halton) EF=WxCF (ha/cap.)
NO, | CO | N2O | CO2 | NOx | CO | N2O | CO2 | NOk | CO | N2O | COo
1998 | 0.032 | 0.045 893 | 12 | 0.09 | 93 | 0.03 |0.039| 0.004 0.268
1999 | 0.024 | 0.083 12 | 009 | 93 | 0.03 | 0.029 | 0.007
2000 | 0.023 | 0.073| 0.002| 10.71| 12 | 0.09 | 9.3 | 0.03 | 0.028 | 0.007 | 0.186 | 0.321
2001 | 0.023 | 0.073 12 | 009 | 93 | 0.03 | 0.028| 0.007

1999 2000 2001 2002

NoO 2000 0.186 NOy 1998~2001
0.039 0.028 CO 1998~2001 0.004 0.007
CO; 1998 2000 0.268 0.321 NO

CO CO
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LCA 2001
SimaPro 6V4Ah

2001 6V4An

4.1
2001
6V4Ah
SO 14001 400,000
2001 6V4AnN
2001
1.
Epoxy
(So)  (As) (Sn)
2.
200
600



« ABS
16

28
47,000

Simsmetal
20 ton/h
2001

Pb=10ppm

28

250
10 60
200
60 200
26,000 26
1,250
200 600
50 13.8
60%
600
Simsmetal
1980
15 360nt/h 3.1GJh
2 35 15 5 8GJh
10 ton/h
55 COD=200ppm SS=300ppm =1,500ppm

2,215 /min - Pb=50pg/m®



4.2

1,000 400
800 1,000 ( 800 )
2001
1
4-1
%
600 75
24 3
120 15
ABS 56 7
2001
2.
4-2
1,250ton 3.125ton
700,000 (kwnh) 1,750 (kwh)
600kg 1.5kg
(pb) 200kg 0.5kg
1,250ton 3.125ton
2001
3.
4-3
(tkm)
28 156
7.2
ABS 16 8
28 208
0.0355
0.025
0.75




2001

4.
6V4Ah
2001 600
/ 60% 24whx 600times/0.6=24,000wh/pc
24,000x1,000 =24,000 (kwh)
5.
2001 SimaPro 4 IDEMAT 96 50%
84.43% ABS 80%
4-4
20 /

10ton/h 400kg
15 3.1GJh 0.124GJ
15 360 n? 0.514GJ
55 4.8GJh 0.192GJ

NaOH 1,000kg/day 16kg
(2,500ppm) 55tons/day 1.320kg

(10ppm) 55tons/day 0.5kg

COD(200ppm) 55tons/day 1.76kg

SS(300ppm) 55tons/day 2.64kg

(50pg/nT) 2,215m*/min 0.266g

0.42% 3.369

1980 2001




4.3

2001 275
108 85 9
56 2 9
40
480
(EF)= (W)x (CF)
431
1.
108
5 28.55 H,SO,
-0.002
2001
4-5
CF W
I - - EF=WxCF -
SO, 0.045 615.6 27.702
NO, 0.032 23.99975 0.768
Ammonia 0.085 0.1122 0.01
HF 0.072 1.014 0.073
H,SO, mist 0.029 -0.0852 -0.002
Total 28.55
2.
108
6 4-6 CO,
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3.58

4-6
CF W
/- - EF=WxCF
CcO 0.09 0.031 0.003
CO; 0.03 105.6 3.17
methane 0.63 0.205 0.13
NO 12 0.206 0.25
NOy (as NO») 12 0.015 0.02
N2O 9.3 0.001 0.01
Total 3.58
3.
108
8 4-7 benzal dehyde -0.053
101
4-7

CF w

/- - EF=WxCF
acetaldehyde 0.611 0.03012 0.02
acetic acid 0.147 0.1884 0.03
benzal dehyde -0.053" 0.0000031 -0.0000002°
ethylbenzene 0.76 0.10212 0.08
propane 0.386 1.0896 0.42
propionic acid 0.033 0.008952 0.0003
vinyl chloride 0.256 0.0001212 0.00003
toluene 0.725 0.6396 0.46
Total 1.01

*




432

1.
85
0.0003
4-8
CF W
/ - - EF=WxCF
COD 0.00002 15.12 0.0003
4.3.3
1.
6
0.05
4-9
CF w
/- - EF=WxCF
Cd 0.0943 2.16E-07 2.04E-08
Hg 0.0943 1.81E-06 1.71E-07
Pb 0.0024 20.16 0.05
Zn 0.0015 2.11E-10 3.17E-13
Total 0.05
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4.4

4-10

4-10

275




LCA LCA

5.1

511

CO,
0.03 0.56
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6. 0.03-351ha/ton
0.03-0.09halkg
0.002~1.25ha/kg
0.00002~0.003ha/kg 0.002~0.1ha/kg
0.00004~37.74halkg

7. 1998~2001
SO« 1998~2001 0.83 0.71
8. N.O 2000 0.186 NOx
1998~2001 0.039 0.028 CO 1998~2001
0.004 0.007 CO; 1998 2000 0.268 0.321
NOx CO CO;
512
1. /
/
2. 108
5 28.55 6 3.58 8
1.01 19 33.14
3 SO,
SO, 21.7 H2SO, -0.002
benzaldehyde -0.053
4. 85 1

0.0003
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0.05

ICl



5.2

SimaPro

SLCA(Streamlined LCA)



5.3

SLCA(Streamlined LCA)

SimaPro

5-1

ICl

SLCA



SLCA

SimaPro

\ 4

\ 4

\ 4

]

\ 4

r———

L — —

Frey

Chambers

LCA
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51

1,1 1,2 1,3 1,4 1,5 1,6 Alt

2,1 2,2 2,3 2,4 2,5 2,6 A2t

31 3,2 3,3 34 3,5 3,6 A3t

4,1 4,2 4,3 4,4 4,5 4,6 Adt

5,1 5,2 53 54 55 5,6 A5t

Al A2 A3 A4 A5 Ai6 EFtot
Graedel, 1998 2002

At
Ar
Ae
Awaste

Awater

Aair

A=A AT Avce® A Aict A

i=12,...
i=12,...

EFtot

EF.=a A
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2030

1999

1999 47 7,8

227-234

1999

2000

2002

2002 2003 4 16
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1995 41 10 25-29
1997
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1999
2001
40 17-24
2001 2001
2002
2002 64 18-23
2003 4 24
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1993 41 7,8 463-176

1997
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2002
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CF

PF / -

SO, 1 0.045
HCI 0.88 0.04
NO, 0.7 0.032
Ammonia 1.88 0.085
HF 16 0.072
H.SO4 migt 0.65 0.029

PF - /-
Carbon dioxide 1 0.56 0.03
Carbon monoxide 3 1.68 0.09
Carbon tetrachloride 1,400 784 42
Chlorodifluoromethane, R22 1,700 952 51
Chloroform 4 2.24 0.12
Chloropentafluoroethane, R115 9,300 5,208 279
Dichlorodifluoromethane, R12 8,500 4,760 255
Dichlorotetrafluoroethane, R114 9,300 5,208 279
Difluoroethane 140 78.4 4.2
Hexafluoroethane 9,200 5,152 276
Methane 21 11.76 0.63
Methylene chloride 9 5.04 0.27
Nitrous Oxide 310 173.6 9.3
Nitrogen Oxides (NOx) 40 22.4 1.2
Pentafluoroethane, R125 2,800 1,568 84
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PF

Perfluoromethane 6,500 3,640 195
Tetrafluoroethane 1,300 728 39
Trichloroethane (1,1,1) 110 61.6 3.3
Trichlorofluoromethane, R11 4,000 2,240 120
Trichlorotrifluoroethane, R113 5,000 2,800 150
Trifluoroethane, R143a 3,800 2,128 114
Trifluoromethane, R23 11,700 6,552 351
Volatile Organic Compounds 11 6.16 0.33
CF
PF / -
Alkanes
Methane 0.034 0.032
Ethane 0.14 0.132
Propane 0.411 0.386
n-Butane 0.6 0.564
i-Butane 0.426 04
n-Pentane 0.624 0.587
i-Pentane 0.598 0.562
n-Hexane 0.648 0.609
2-Methylpentane 0.778 0.731
3-Methylpentane 0.661 0.621
2,2-Dimethylbutane 0.321 0.302
2,3-Dimethylbutane 0.943 0.886
n-heptane 0.77 0.724
2-Methylhexane 0.719 0.676
3-Methylhexane 0.73 0.686
n-Octane 0.682 0.641
2-Methylheptane 0.694 0.652
n-Nonane 0.693 0.651
2-Methyloctane 0.706 0.664




CF

PF /
n-Decane 0.680 0.639
2-Methylnonane 0.657 0.618
n-Undecane 0.616 0.579
n-Dodecane 0.577 0.542
Cyclohexane 0.595 0.559
Methyl cyclohexane 0.732 0.688
Alkenes
Ethylene 10 0.94
Propylene 1.08 1.015
1-Butene 1.13 1.062
2-Butene 0.99 0.931
2-Pentene 0.95 0.893
1-Pentene 1.04 0.978
2-Methylbut-1-ene 0.83 0.78
3-Methylbut-1-ene 1.18 1.109
2-Methylbut-2-ene 0.77 0.724
Butylene 0.703 0.661
| soprene 1.18 1.109
Styrene 0.077 0.072
Alkynes
Acetylene 0.28 0.263
Aromatics
Benzene 0.334 0.314
Toluene 0.771 0.725
o- Xylene 0.831 0.781
m-Xylene 0.08 0.075
p- Xylene 0.948 0.891
Ethylbenzene 0.808 0.76
n-Propylbenzene 0.713 0.67
i-Propylbenzene 0.744 0.699
1,2,3-Trimethylbenzene 1.245 1.17
1,2,4- Trimethylbenzene 1.324 1.245
1,3,5- Trimethylbenzene 1.299 1221
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CF

PF /
o-Ethyltoluene 0.846 0.795
m: Ethyltoluene 0.985 0.926
p-Ethyltoluene 0.935 0.879
3,5-Dimethylethylbenzene 1.242 1.167
3,5-Diethyltoluene 1.195 1.123
Aldehydes
Formalhyde 0.554 0.521
Acetaldehyde 0.65 0.611
Propionaldehyde 0.755 0.71
Butyraldehyde 0.77 0.724
i-Butyraldehyde 0.855 0.804
Valeradehyde 0.887 0.834
Benzaldehyde -0.056° -0.053
Ketones
Acetone 0.182 0.171
Methylethylketone 0.511 0.48
Methyl- i -butylketone 0.843 0.792
Cyclohexanone 0.529 0.497
Alcohols
Methy! alcohol 0.205 0.193
Ethyl alcohol 0.446 0.419
i-Propanol 0.216 0.203
n-Butanol 0.628 0.59
i-Butanol 0.591 0.556
s-Butanol 0.468 0.44
t-Butanol 0.191 0.18
Diacetone alcohol 0.617 0.58
Cyclohexanaol 0.622 0.585
Esters
Methyl acetate 0.046 0.043
Ethyl acetate 0.328 0.308
n-Propyl acetate 0.481 0.452
i-Propyl acetate 0.291 0.274

7




CF

PF /
n-Butyl acetate 0.511 0.48
s-Butyl acetate 0.452 0.425
Organic Acids
Formic acid 0.003 0.003
Acetic acid 0.156 0.147
Propionic acid 0.035 0.033
Ethers
Butyl glycol 0.629 0.591
Propylene glycol methyl ether 0.518 0.487
Dimethy! ether 0.263 0.247
Methyl- t -butyl ether 0.268 0.252
Halocarbons
Methyl chloride 0.035 0.033
Methylene chloride 0.031 0.029
Methylchloroform 0.002 0.002
Tetrachloroethylene 0.035 0.033
Trichloroethylene 0.075 0.071
Vinyl chloride 0.272 0.256
1,1-Dichloroethylene 0.232 0.218
cis 1,2- Dichloroethylene 0.172 0.162
trans 1,2- Dichloroethylene 0.101 0.095
Other Pollutants
Nitric oxide -0.427 -0.401"
Nitrogen dioxide 0.028 0.026
Sulphur dioxide 0.048 0.045
Carbon monoxide 0.027 0.025

*




PF

Acrylamide 53.3
Acrylonitrile 3.6
Antimony & compounds except stibine, as Sb 32
Arsenic & compounds except arsine, as As 160
Azodicarbonate 16
Benzene 1
Berylium & Compounds 8,000
Bis (chloromethyl) ether 3,200
Buta-1,3-diene 0.73
Cadmium & Compounds 640
Cadmium oxide fume 640
Carbon disulphide 0.5
1-Chloro-2,3-epoxypropane 84
Chromium (V1) compounds 320
Cobalt & Compounds 160
Cotton dust 6.4
1,2-dibromoethane 41
1,2-dichloroethane 0.76
Dichloromethane 0.05
2-2'-Dichloro-4,4’-methylene dianiline (MbOCA) 3,200
Diethyl sulphate 50
Dimethyl sulphate 3.8
2-Ethoxyethanol 0.43
2-Ethoxyethyl acetate 0.3
Ethylene oxide 17
Formaldehyde 6.4
Grain dust 1.6
Hardwood dust 3.2
Hydrazine 533.3
lodomethane 13

I socyanates, all 800
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PF

Maleic anhydride 16
Man made mineral fibre 3.2
2-Methoxyethanol 1
2-Methoxyethy| acetate 0.64
4-4’ -methylenedianiline 200
Nickel & inorganic compounds 160
2-Nitropropane 0.8
Phthalic anhydride 4
Polychlorinated biphenyls 160
Propylene oxide 1.33
Rubber fume 26.7
Rubber process dust 2.6
Silicarespirable crystalline 53.3
Softwood dust 3.2
Styrene 0.04
o-Toluidine 18
Triglycidyl isocyanurate (TGIC) 160
Trimellite anhydride 400
Vinylidene chloride 04
Wool process dust 1.6
PF
CFC-11 1.0
CFC- 12 1.0
CFC - 113 0.8
CFC- 114 1.0
CFC- 115 0.6
CFC- 13 1.0
CFC- 111 1.0
CFC- 112 1.0
CFC- 212 1.0
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PF

CFC- 213 1.0
CFC- 214 1.0
CFC- 215 10
CFC- 216 10
CFC - 217 1.0
halon-1211 3.0
halon-1301 10.0
hal on-2402 6.0
Carbon tetrachloride 11
1,1,1-trichloroethane 0.1
Methyl bromide 0.7
HCFC-21 0.04
HCFC-22 0.055
HCFC-31 0.02
HCFC-121 0.04
HCFC-122 0.08
HCFC-123 (3) 0.02
HCFC-124 (3) 0.022
HCFC-131 0.05
HCFC-132 0.05
HCFC-133 0.06
HCFC-141 0.07
HCFC-141b (3) 0.11
HCFC-142 0.07
HCFC-142b (3) 0.065
HCFC-151 0.005
HCFC-221 0.07
HCFC-222 0.09
HCFC-223 0.08
HCFC-224 0.09
HCFC-225 0.07
HCFC-241 0.025
HCFC-235 0.033




PF

HCFC-225¢ca (3) 0.1
HCFC-225¢h (3) 0.09
HCFC-226 0.1
HCFC-231 0.23
HCFC-232 0.28
HCFC-233 0.52
HCFC-234 0.09
HCFC-242 0.13
HCFC-243 0.12
HCFC-244 0.14
HCFC-251 0.01
HCFC-252 0.04
HCFC-253 0.03
HCFC-261 0.02
HCFC-262 0.02
HCFC-271 0.03




CF

PF / -
NO, 0.2 0.00018
NO 0.13 0.00012
NO 0.13 0.00012
Ammonia 0.33 0.00029
Nitrogen 0.42 0.00037
PO 1 0.00088
Phosphorus 3.06 0.00271
COD 0.022 0.00002

PF

Acetic acid 1.07
Acetone 2.09
Ammonium nitrate in solution 0.8
Ammonium sulphate in solution 1
Chlorotrifluoroethane 0.54
1,2 — Dichloroethane (EDC) 0.81
Ethylene 1
Ethylene glycal 1.29
Ferrous ion 0.14
Methanol 15
Methyl methacrylate 15
Methylene Chloride 0.47
Phenol 2.38
Vinyl chloride 1.28




PF

Arsenic 0.2
Cadmium 2.0
Chromium 0.33
Copper 1
Iron 0.005
Lead 0.2
Manganese 0.1
Mercury 16.67
Nickel 0.17
Vanadium 0.05
Zinc 0.125
PF
Ammonia 0.24
Benzene 0.17
Carbon tetrachloride 0.42
Chloride 0.5
Chlorobenzene 1.0
Chloroform 0.42
Cyanide 1.0
1,2-Dichloroethane (EDC) 0.5
Formaldehyde 10
Hexachlorobenzene 166.67
Hexachlorobutadiene 50
Methylene chloride 0.5
Nitrobenzene 0.25
Nitrophenol 0.5
Toluene 0.125




PF

Tetrachloroethylene (PER) 0.5
Trichloroethylene (TRI) 0.5
Xylenes 0.17
PF
Sulphuric acid 0.02
Hydrochloric acid 0.027
Hydrogen fluoride 0.05

Acsetic acid

0.02
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6V4An

No Total
1 | 1,2-dichloroethane Air mg 17.6 1.28 175 -1.15
2 | acetaldehyde Air g 251 0.184 2.52 -0.203
3 | aceticacid Air g 15.7 1.13 15.5 -0.928
4 | acetone Air g 2.46 0.181 2.48 -0.202
5 | acrolein Air ug 754 54.3 744 -44.4
6 | acrylonitrile Air g 1.69 1.69 X X
7 | Al Air g 76.5 5.63 77.3 -6.43
8 | adehydes Air mg 466 170 1.96 293
9 | akanes Air g 23 1.69 23.2 -1.88
10 | alkenes Air g 7.66 0.564 7.73 -0.633
11 | ammonia Air g 9.35 3.15 134 -7.23
12 | As Air mg 266 23.7 264 -21.6
13 |B Air g 59.2 4.35 59.7 -4.88
14 | Ba Air g 1.04 0.0767 1.05 -0.0878
15 | Be Air mg 104 0.768 10.5 -0.874
16 | benzaldehyde Air Mg 259 18.6 256 -15.2
17 | benzene Air g 38.6 19.3 195 -0.208
18 | benzo(a)pyrene Air mg 7.3 0.508 6.97 -0.181
19 | Br Air g 3.7 0.273 3.74 -0.315
20 | butane Air g 64.3 4.55 62.4 -2.71
21 | butene Air mg 559 41 562 -43.2
22 | Ca Air g 49.9 3.67 50.4 -4.12
23 | cadmium oxide Air mg -76.4 X X -76.4
24 | Cd Air mg 57.7 12.6 103 -57.9
25 | CFC (hard) Air mg 450 X X 450
26 | CFC-11 Air mg 125 125 X X
27 | CFC-116 Air mg 26.6 2.3 315 -1.24
28 | CFC-12 Air mg 117 117 X X
29 | CFC-14 Air mg 212 184 252 -57.9
30 | Cl Air mg 411 X X 411
31 | CO Air Ib 5.76 1.79 39 0.0693
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32 | CO, Air kg | 8.80E+03 | 1.93E+03 | 7.20E+03 -334
33 | cobdt Air mg 597 43.9 603 -49.1
34 | Cr Air mg 600 60.7 587 -47.3
35 | Cu Air g 1.44 011 1.45 -0.116
36 | CxHy Air Ib 2.8 2.87 1.59E-06 -0.0618
37 | CxHy aromatic Air mg 526 351 119 56.7
38 | CxHy chloro Air ng 389 328 X 61.6
39 | CxHy haogenated Air ng 121 X X 121
40 | cyanides Air mg 10.9 0.757 10.4 -0.246
41 | dioxin (TEQ) Air ng 165 121 166 -13.2
42 | dust Air g 28.3 235 X 4.76
43 | dust (coarse) Air Ib 26 1.87 25.6 -1.46
44 | dust (SPM) Air g 311 306 X 4.9
45 | ethane Air g 183 12.7 175 -4.28
46 | ethanol Air g 4,92 0.362 4.96 -0.405
47 | ethene Air g 7.65 0.806 7.08 -0.24
48 | ethylbenzene Air g 8.51 157 7.58 -0.631
49 | ethyne Air mg 236 16.6 227 -7.43
50 | Fe Air g 41 3.02 41.4 -3.43
51 | formaldehyde Air g 49.5 4.88 46.1 -1.56
52 | H Air g 31.2 0.4 X 30.8
53 | H2S Air g 221 1.58 21 -0.473
54 | HySO4 Air g -7.1 5.06 X -12.2
55 | HALON-1301 Air mg 83.3 9.89 78.7 -5.25
56 | HCI Air g 804 62.4 810 -68.6
57 | heavy metds Air g 5.59 041 5.62 -0.432
58 | heptane Air g 11.8 0.862 11.8 -0.91
59 | HF Air g 84.5 6.27 85.5 -7.24
60 | Hg Air mg 143 10.5 143 -10.9
61 | I Air g 1.81 0.133 1.83 -0.152
62 | K Air g 9.31 0.686 941 -0.785
63 | La Air mg 304 2.24 30.7 -2.52
64 | metals Air mg 926 891 X 35
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65 | methane Air Ib 37.6 2.79 36.1 -1.29
66 | methanol Air g 4.94 0.363 4.98 -0.405
67 | Mg Air g 275 2.03 27.8 -2.3
68 | Mn Air mg 606 44.2 605 -42.7
69 | MO Air mg 174 12.8 175 -14.3
70 | N2O Air g 69.2 6.07 61.5 1.59
71 | Na Air g 13.2 0.969 13.3 -1.09
72 | naphthalene Air mg 174 174 X X
73 | Ni Air g 5.67 0.446 5.68 -0.455
74 | NO, Air Ib 4.41 4.4 X 0.0128
75 | non methane VOC Air Ib 6.78 121 5.85 -0.288
76 | NOk Air Ib 37.9 6.51 33.2 -1.73
77 | NO (asNO») Air Ib 2.7 2.26 X 0.436
78 |P Air mg 894 65.9 903 -75.4
79 | PAH's Air mg 447 31.6 428 -12.8
80 |Pb Air g 1.23 0.0827 1.09 0.051
81 | pentane Air g 81.2 9.01 75.8 -3.6
82 | phenol Air mg 18.7 131 18 -0.585
83 | propane Air g 90.8 141 79.8 -3.15
84 | propene Air g 135 116 2.05 -0.142
85 | propionic acid Air mg 746 51.7 710 -15.6
86 | Pt Air ng 201 14.2 195 -8.93
87 | Sc Air mg -510 0.843 11.6 -0.952
88 | Se Air mg 1 50.8 696 -57.8
89 | silicates Air g 197 145 199 -16.4
90 | slag Air g 261 261 X X
91 | SO Air kg 51.3 275 25.9 -2.19
92 | Soot Air kg 1.47 1.47 X X
93 | SO Air Ib 8.94 9.22 X -0.28
94 | SOy (as SOy) Air g 103 86 X 171
B S Air g 1.24 0.0915 1.25 -0.105
96 | Th Air mg 67.8 5 68.6 -5.81
97 | Ti Air g 3.34 0.247 3.38 -0.283




No Total
98 | TI Air mg 2.82 0.207 2.84 -0.234
99 | toluene Air g 53.3 39.7 14.3 -0.725
100 (U Air mg 29.6 2.18 29.9 -2.53
unspecified )
101 . Air mg -72 X X -72
emission
102 |V Air g 20.9 1.53 21 -1.71
103 | vinyl chloride Air mg 10.1 0.729 10 -0.659
104 | water Air mg -15.8 X X -15.8
105 | xylene Air g 32.1 2.36 32.4 -2.7
106 | zinc oxide Air g -18.7 X X -18.7
107 | Zn Air g -6.95 3.95 1.87 -12.8
108 | Zr Air mg 6.21 0.432 5.92 -0.141
109 | heat lossesto water | Non mat | kwh | 1.56E+04 | -1.06E+03 | -1.46E+04 -31.9
110 | heat losses to soil Nonmat | MJ 68.3 243 333 32.6
1y | edoxtive Non mat | kBq | -5.60E+05 | 167E+04 | 2.14E+05 | -8.00E+05
substance to air
112 | heat losses to air Non mat Mr\]N 16.8 1.25 17.1 -1.59
113 radioactive Non mat | kBq | -5.27E+03 154 1.98E+03 | -7.40E+03
substance to water
114 | land use I1-111 Nonmat | nfa 131 10.9 150 -294
115 | land use -1V Nonmat | nfa 7.81 0.554 7.6 -0.345
116 | land use I1-1V Nonmat | nfa 12 0.861 11.8 -0.67
117 | land use IV-1V Nonmat | cnfa 133 9.85 135 -11.5
118 | additions Raw kg -25 X X -25
119 | baryte Raw Ib 6.97 0.497 6.81 -0.339
120 | bauxite Raw g 731 155 754 -178
121 | bentonite Raw g 780 64.1 879 -163
122 | chromium (in ore) Raw g 60.1 4.6 63.1 -7.64
123 | clay minerals Raw mg 152 440 X -288
124 | coal Raw kg 212 212 X X
125 | coal ETH Raw kg | 1.53E+03 254 1.38E+03 -103
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126 | cobalt (in ore) Raw ug 52.9 3.84 52.7 -3.68
127 | copper (in ore) Raw g 182 125 171 -1.27
128 | crude ail Raw kg 6.73 X X 6.73
129 | crude oil ETH Raw kg 357 45.6 329 -18.1
130 | crude oil IDEMAT Raw kg 229 229 X X
131 | energy (undef.) Raw MJ 633 633 X X
132 | energy from codl Raw MJ -44 X -44
energy from hydro
133 Raw kWh | 2.21E+04 | 1.57E+03 | 2.07E+04 -167
power
134 energy from Raw MJ -651 X X -651
natural gas
135 | energy from ail Raw MJ -518 X X -518
136 e”ergy from Raw kWh 374 381 X -71.22
uranium
gas from ail
137 _ Raw nt 15.9 1.17 16 -1.23
production
138 | iron (in ore) Raw kg 279 1.98 27.2 -1.26
139 | iron (ore) Raw g 19.3 22.6 X -3.27
140 | lead (inore) Raw g 217 0.131 1.8 0.231
141 | lead (ore) Raw kg 312 312 X X
142 | lignite ETH Raw kg | 1.66E+03 122 1.67E+03 -136
143 | limestone Raw g 16.1 18.8 X -2.66
144 | manganese (in ore) Raw g 61.1 4.25 58.2 -14
145 | marl Raw kg 101 7.15 98.1 -4.1
146 | methane (kg) Raw Ib 222 1.62 222 -1.62
147 | molybdene (in ore) Raw ug 18.3 1.34 184 -1.39
148 | NaCl Raw g 51.2 51.2 X X
149 | natura gas Raw Ib 309 309 X 0.00041
150 | natural gas (vol) Raw nr 7.03 X X 7.03
151 | natural gas ETH Raw nt 981 68.9 933 -20.5
152 | nickel (inore) Raw g 9.08 0.983 13.5 -5.38
153 | palladium (in ore) Raw Mg 1.87 0.132 1.81 -0.0671
154 | platinum (in ore) Raw Hg 3.83 0.27 3.71 -0.151
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155 Raw kJ | 1.01E+03 808 X 202
hydropower
156 | process water Raw cnt 25.2 X 25.2
157 | rhenium Raw Mg 1.04 0.0732 -0.0351
158 | rhodium Raw Mg 1.56 011 15 -0.0521
159 | rock salt Raw Ib 109 0.852 2.38 106
160 | S Raw mg 502 36.8 505 -39.3
161 | <t Raw Ib -7.2 0.956 13.1 -1.05
162 | Sb Raw mg 41.6 2.34 321 -544
163 | Sn Raw mg 25.6 1.9 26 -2.28
164 | tin(inore) Raw mg 539 39.5 541 -41.6
165 | unspecified energy Raw MJ 25 16.6 X -14.1
166 | uranium (in ore) Raw g -6.57 0.192 2.46 -9.22
167 | uranium (ore) Raw g 26.4 26.4 X X
168 | water Raw ton 206 16.1 210 -19.9
169 | water (cooling) Raw kg 200 X X 200
170 | water (process) Raw ton 3.13 3.13 X X
171 water (surface, for Raw ton 55.2 X X 55.2
process.)
172 | wood Raw Ib 33.2 241 33 -2.18
173 | zeolite Raw g 21 154 211 -1.71
174 | zinc (in ore) Raw mg 622 45.8 629 -52
175 | zinc (ore) Raw kg -502 X X -502
176 | carbon Soil g 4.13 X X 4.13
177 | Cd Sail ug 18 X X 18
178 | Hg Soil ug 151 X X 151
179 | N-tot Sail mg 324 X X 324
180 | Pb Soil kg 1.68 X X 1.68
181 | Zn Soil ng 17.6 X X 17.6
182 active nuclear Solid cnt -1.12 0.0304 0.417 -1.56
waste
183 | chemica waste Solid g 175 176 X -1.02
184 | fina waste (inert) Solid kg 823 63.9 874 -115
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185 | industrial waste Salid g 20 20 X

186 | inorganic general Solid kg 1.47 147 X

187 low, med. &ct. nud. Solid cnt® 977 72.6 996 -91.4
waste

188 | mineral waste Solid g 108 108 X X
product. waste .

189 | Solid kg 162 114 156 -5.9
(inert)

190 | Sn Solid mg 25.7 1.9 26 -2.19

191 | AcidasH' Water g 131 1.07 1.48 -1.24

192 | Ag Water mg 16 0.721 9.89 5.42

193 | Al Water Ib 4.85 0.355 4.86 -0.368

194 | alkanes Water g 231 0.168 231 -0.168

195 | akenes Water mg 209 15.3 209 -15.3
anorg. dissolved

196 Water g 401 336 X 65
subst.

197 | AOX Water mg 61.1 7.59 57.3 -3.74

198 | As Water g 4.45 0.327 4.46 -0.334

199 | B Water g 3.33 0.246 3.37 -0.284

200 | Ba Water g 220 18.1 217 -15.9

201 | baryte Water g 616 43.9 602 -30

202 | Be Water mg 2.4 0.00228 0.0312 2.37

203 | benzene Water g 231 0.169 231 -0.169

204 | BOD Water g 3.62 2.72 1.15 -0.26

205 Caldium Water Ib 531 0.388 5.33 -0411
compounds

206 | Cd Water g -36.8 0.0106 0.133 -36.9

207 | chlorobenzenes Water ng 34.3 2.38 32.7 -0.833

208 | CI Water kg 235 2.15 22.8 -1.46

209 | CO Water g 4.48 0.321 441 -0.251

210 | COD Water g 1.26E+03 373 224 864

211 | Cr Water g 23.2 1.64 224 -0.761

212 | Cr (V1) Water mg 4.97 0.367 5.03 -0.429

213 | crude oil Water g 1.09 3.84 1.38 -4.13
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214 | Cs Water mg 16.4 1.2 16.5 -1.27
215 | Cu Water g 8.14 0.811 111 -3.75
216 | CxHy Water g 445 515 426 -32.3
217 | CxHy aromatic Water g 12.2 157 11.3 -0.65
218 | CxHy chloro Water mg 10.2 143 911 -0.385
219 | cyanide Water mg 509 39 487 -17.1
220 | dichloroethane Water mg 8.82 0.638 8.75 -0.575
221 | dissolved organics Water g 15.6 2.44 13.7 -0.592
222 dissolved Water g 1.10E+03 122 934 46.1
substances
223 | DOC Water Hg 528 412 X 117
224 | ethyl benzene Water mg 394 28.8 396 -30.4
225 | Fatdoils Water mg 136 X X 136
226 | Fe Water Ib 7.31 0.538 7.36 -0.589
227 | fluoride ions Water g 6.58 0.482 6.61 -0.509
228 | formaldehyde Water ug 311 21.8 299 -9.75
229 | glutaraldehyde Water mg 76 541 74.3 -3.7
230 | H Water g 7.71 7.71 X X
231 | H2S Water mg 311 21.6 296 -7.03
232 | Hg Water mg 1.74 0.43 5.78 1.53
233 | HOCL Water g 18.3 1.34 18.4 -1.53
234 | | Water g 1.64 0.12 1.65 -0.127
235 | K Water g 740 54 741 -55.4
236 | Kjeldahl-N Water mg 385 323 X 62.5
237 | metdlic ions Water g 51.6 54.9 X -3.33
238 | methylenechloride | Water mg 29.5 21 28.8 -1.44
239 | Mg Water Ib 4.12 0.301 4.13 -0.312
240 | Mn Water g 46.2 3.37 46.2 -3.33
241 | MO Water g 5.8 0.423 5.8 -0.424
242 | Na Water Ib 16.1 1.18 16.2 -1.27
243 | NH4" Water g 347 2.77 X 0.697
244 | Ni Water g 12.3 0.821 11.2 0.314
245 | nitrate Water g 55 4.53 54.3 -3.87
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246 | N-tot Water g 374 4.59 36.1 -3.3
247 | oil Water g 27.6 23.2 X 4.36
248 | PAH's Water mg 229 27.1 216 -14.3
249 | Pb Water g 21.7 0.852 11.7 9.23
250 | phenal Water g 2.74 0.217 2.73 -0.21
251 | phenols Water mg 137 115 X 22.3
252 | phosphate Water g 284 991 132 142
253 | P-tot Water Mg 385 47.1 646 -308
254 | sand Water mg 13 X X -7.2
255 | Sh Water mg 115 3.06 42 -3.46
256 | Se Water g 689 0.805 1n -0.838
257 | Si Water mg 14.7 1.04 14.3 -0.713
258 | silver Water mg 970 71 974 -74.7
259 | SO3 Water mg 855 63.2 867 -74.3
260 | S Water g 126 9.19 126 -9.63
261 | sulphate Water g 681 16.4 X 664
262 | sulphates Water kg 4.84 1.17 16 -12.3
263 | sulphide Water mg 32.6 27.4 X 53
264 | suspended solids Water Ib 3.14 0.234 X 291
suspended
265 Water Ib 4.33 0.413 4.17 -0.2%4
substances
266 | Ti Water g 132 9.64 132 -9.86
267 | TOC Water Ib 244 0.186 231 -0.0499
268 | toluene Water g 2.22 0.256 2.1 -0.133
269 | tributyltin Water mg 64.1 4.71 64.5 -5.2
270 | trichloroethene Water mg 151 0.109 15 -0.0988
unspecified
271 . Water g 1.97 X X 1.97
emission
272 |V Water g 11.3 0.809 111 -0.634
273 | W Water mg 20.7 1.53 21 -1.79
274 | xylene Water g 1.67 0.122 1.67 -0.122
275 | Zn Water Ib -2.74 0.0037 0.0498 -2.79






