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I ndigo( ) /

* * * % * %k *
Indigo (pH=10-12)
Indigo
1m3*/10m?
Indigo 2 8
DO 1.0-3.0 mg/L 24
(MLSS) 4,000~5,000mg/L
1kgCOD/m?-day COD COD

80%

1. Indigo 2. 3. 4.

* %%
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o M w bdhPRF

Indigo/
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10

(BOD)

COD

()

10~25 (1
Indigo
NaOH
Indigo 2~3
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Indigo
Indigo/

indigo/

10



4 Indigo( ) /

(210 m*m?3)

DO=1.0-3.0 mg/L

12
7.5L 1
1
2.2
IBR

Indigo

1.085m 1.38m 10m®

( ) 1

mg/L) COD BOD

0.87 0.6
D0O=1.0-3.0 mg/L

1m¥10m®
2 im?
2.275m 3.05m
(ML SS>4,000
15cm
12-24
1m?3-2m?
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5-10 m* Indigo

1.06

D-150A | 15cm | 150 93% PE

(HPE/PPIPVC)

. | (v
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4

Indigo

COD MLSS pH
Standard Methods for the Examination of Water and
Wastewater merck

4.1
4 COD 1,000 2,800 mg/L
COD (Indigo )

3000

2500

AN fﬂ\ /\f\/\n A
\V/\/ VAL

COD(mg/L)

= =
o o
S S
=] =]

500

Day

4 COD
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5
S B B T
o
— - (70-85% )
5
2
COD 45% COD 1,000mg/L
pH pH
2
COD COD
COD
(mg/L) (mg/L) pH pH
1,985 1,095 44.8% 10.2 58




4.2
4.1.1 Indigo

90%
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89
( )
3 Indigo
() ()
Indigo
Indigo
Indigo
3 Indigo
OUR Indigo OUR
(mgO,/Lhrs) (mgO,/Lhrs)
() 20.3 1
() 20.3 0.8
20.3 30.5
Indigo
Indigo
6 6
Indigo COoD
Indigo

COD
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2000 100
i —A— COD —o— :
. [ 180
% 1500 ¢ ] —
5 - (=]
é [ 160 9\.,
8 1000 | ]
0O , 1%
500 | 120
0b— o ‘ —0
0 5 9 24 48
Time(Hrs)
6 Indigo
4.2.2
2
4
Indigo
24 24
2,500 mg/L COD
45% 28%
500 mg/L 80%
COD 400 mg/L

COD 78%



89 (Jan. 2004) 11

90%
4 Indigo
COD PAC
(mg/L) (2,500mg/L) COD (PAC500mg/L)
1985 1,095 540 391
' (44.8%) (72.7%) (80.3%)
COD
(mg/L) COD (PAC500mg/L)
440 174
1,985 (77.8%) (91.2%)
4.3
Indigo
Indigo 5 3
Indigo Indigo/
OUR
Indigo
5 Indigo
OUR(mMgO,/Lhrs)

9.19

Indigo 23.7

2.3

Indigo =2:8 21.7

Indigo =1:1 20.2
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)

OUR Indigo

Indigo 6
Indigo Indigo

Indigo
24 COD 87.7%(
Indigo ) 62.4%( : Indigo=1:1) COD
48
Indigo 90% Indigo
24
Indigo 2:8 24
COD 82%
6 Indigo
24 48

: COD o COD o

Time(hrs) (mg/L) (%) (mglL) (%)
1,725 0

Indigo 218 87.7

> Indigo =9:1 245 86.2

: Indigo =8:2 310 82.4

: Indigo =3:7 600 65.7 153 91.2

:Indigo =1:1 650 62.4 212 87.7
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/Indigo

IBR

Indigo

4.4
7 8
(HRT=12hrs) Indigo
(2:8) 7 12
Indigo COD 86.1% HRT=24
IBR (
24 ) COD 92.5%
8
Indigo
7
7 Indigo
COD(mg/L) COD(mg/L) (%)
IBR(1) 1,600 223 86.1
IBR(2) 120 925
12hrs
8 /Indigo 2:8
COD(mg/L) COD(mg/L) (%)
IBR(1) 1,350 61.7 954
IBR(2) 46 96.6

12hrs
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)

.
IBR im®  10m®
im®* 10m* IBR
60% 24
1.0-3.0mg/L
9
% hrs
(%) (hrs) (mg/L)
3 12 1.0-3.0
Im™ IBR 87 24 1.0-3.0
3 12 1.0-3.0
10m™ 1BR 60 24 1.0-3.0

87%
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IBR Indigo IBR
10
IBR 90%
CcoD IBR
(12hrs<19.2hrs) (4.41>2.76kgCOD/mday)
IBR
10 Indigo
COD COD .
(kgCOD/m’day) (hr) (mg/L) (mg/L) 6)
BR 1.78 12 890 88 90.1
Ilé”; 441 12 2,205 310 85.9
1&”;: 4.41 12 2,205 350 84.1
2.76 19.2 2,205 367 83.4
10m?
( )
8
COoD 1,000mg/L 1,500mg/L
IBR Indigo
10m* IBR COD 300mg/L



16 Indigo(

4.5

8 10m?®

COD(mglL)

) /
(COD<160mg/L)
12 IBR
COD
Indigo
3000
[ —- —— ——
2500 +
2000
1500
1000
5007; ‘_\*/55\_4
C:

2 3 5 8 9 15 16 18 19 30 31 50 51 52 53
Time(Days)

IBR COoD

COD
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4_
( )
9
1.0-3.0mg/L 10
COD
( 15 )
COD
COD D0O>4.0mg/L
COD 160 mg/L COD 80%

1.0-3.0mg/L
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600 5
—=—COD —e—DO
- 4
500 T .
2 3
3 “E
5/400 O
O L, O
O
300 1
-1
200
2 3 6 7 10 11 12 13 14 17 18 19 20 24 26 27
day
10 COD
Indigo
11
COoD
COD
20%
COD

200mg/L

Indigo
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COD(mg/L)
8§ 8 8
g

__/2

> J
——e
_5"%4—
[*—

300 a
l ¢ \é 4
w \
100
0 20 40 60 80 100 120
Time (days)
11 COD
4.6
11 12
60,000L 10.25L
12,198L 2.19L
421
11
(L) (L)
47,630 15,380
42,980 9,740
48,910 14,020
63,550 17,740
59,740 8,910
61,260 7,400




20 Indigo(

12
(L) (L) (L)
6/04 9,220 7/05 10,420 8/05 9,370
6/08 9,320 7/10 9,660 8/13 10,030
6/14 9,950 7117 10,050 8/22 10,790
6/17 7,980 7122 2,320 8/28 7,630
6/22 7,460 7127 9,220
6/26 8,130
6/29 9,200
61,260 41,670 37,820
13
200CMD 54
13
CcoD
(mg/L) | (m¥hr) [(ADMI[( /7 )| C 7 )[C /)| 1)
Indigo 1,000 | 55 [35000| 10 | 135 | 934 98.9
1,600 | 9 [100,000| 14
Indigo 330 | 41 | 350 4 0 53 455
600 6 | 2600 | 6
Indigo 67 | 255 | 99 60 100 | 432 53.9
(%)
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20% 24 COD 80%
200mg/L
1 91 §
2. : / ” e 92
3. ?
4. §

” pp.565-572 1996

5. K. Svardal, S. Lindtner and S. Winkler, ” Optimum aerobic volume control based

on continuous in-line oxygen uptake monitoring”, Water & Technology, 47,



22 Indigo( ) /

pp.305-312 (2003).

6. B. Rusten, M. McCoy, R. Proctor and G.S. Jon,” The innovative Moving Bed
Biofilm Reactor/Solids Contact Reaeration Process for Secondary Treatment of
Municipal Wastewater”, Water Environment Research, Vol. 70, No. 5,
pp.1083-1089, 1998.

7. 1. Pascik,” Modified Polyurethane Carriers For Biochemical Waste Water
Treatment,” Wat. Sci. Tech., Vol. 22, No.1/2, pp.33-42, 1990.

8.W. G. Characklis and K. C. Marshall,” Biofilms,” a Wiley-Interscience Publication,
John Wiley & Sons, INC.

9 68
pp.1-23 87 10
10.
87 11
11. 1997
12.
COoD

pp.449-456, 1999
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3. VOCs
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(volatile organic
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[1]

(chemical vapor

deposition) (exitaxial deposition) (ion implantation)
(Wet Etching) (2 (volatile organic
compounds, VOCsg) (photomask) (devel opment)

(liquid crystal display, LCD)
(light emitting diode, LED)

VOCs
[4]

88

[6]

VOCs

VOCs

2000 2001 2002 4 [ 8
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33
19 LCD LED 52

3.1 VOCs
1 VOCs

VOCs —
D COZ+H20
D

1 VOCs

VOCs
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1
25 4
VOCs
14
VOCs
1VOCs
(CMM) (% (% /
25 40 670~1,533 1,400~4,500 300~400
3 3 42~120 50~200 25~80
1 1 648 3000 700
1 1 130 1,200 20
250 1700 200
4 4 545~1,022 2,074~3,000 300~360
14 14 42~250 40~300 4~235
1 1 200~360 1,800 72

VOCs




90%
0.6

VOCs

600

3.2

90%

VOCs
VOCs

LCD

300 400

VOCs

VOCs

VOCs
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56%

LED
VOCs
0.6
VOCs
VOCs
VOCs
(De-Mister)



28

VOCs
VOCs
VOCs 600
(cubic meter per minute, CMM) VOCs (total
hydrocarbons, THCy) 500~1,000ppm 90%
VOCs
90% 0.6
VOCs
2 VOCs
%
(ppm) | (ppm) *4)
90% | 0.6kg/hr
44.9~380 | 2.7~29.8 90~99 600CMM
100~720 | Max 4 THCs
>90 65~90 500~1,000ppm
- - 50~80
VOCs
10~280 | 3~146
75~90 | 35~93
59.2 13.7 76.9
600CMM
150~250 | Max 50
80 67 THCs
79.8 114 86 500 ppm
150 100 33




VOCs

VOCs
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VOCs
VOCs
VOCs
VOCs
VOCs
0.6
VOCs VOCs
VOCs
VOCs

VOCs
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VOCs 0.6
VOCs
VOCs
VOCs
VOCs
VOCs
VOCs
600CMM VOCs THCs 500~1,000ppm
90%
VOCs

90% 0.6 VOCs
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VOCs
0.6
VOCs

1. 1995
2.

1998
3. 15 29~33

1995
4,
2001

5.

http://www.epa.gov.tw/ 1999
6.
EPA-90-FA12-03-A024 2001

2000

[ 2002
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SO,

SO,

SO,

NOx

SO,
NOx

38%
NOx

3.S0,

NOx

SO,

**

4.NOx

7.9%
28%

NOx

*%

*k*

* %%
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2001
30,458,866x10'K cal 52.3%
CO,
CO,
( 2003)
SO, NOx SO, NOx
NOx SO, NOx
SO, 38%
80 222,479 89 106,102
NOx
NOx 28% (80-88 ) 1,386
SO, NOx
(component factor)
(Laspeyres Index) (Divisia Index)
(base year)

CO,



34 SO, NOy

SO, NOx
1. /107
2.
10’ /
3.
4.
let Eit Glt 1
Q|p’[: X X XGt .............................................. ()
it Git t
Qipt T i p (SO, NOy) (
Ew t [ (10’ )
Gy t i ( )
G t ( )
Uipt = Qipt/Eit t [ p
/107 )
lit = Ei/ Gy, t i (10’ /
Sit=Git/Gt t i

Gt t

Qipt:Uipt Iit Sit Gt .......................................................................... (2)
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dQipt___ duipt . Qipt dit_ . Qipt st Qipt dot_ . Qpt ... (3)
dt Uipt dt lit dt Sit dt Gt dt

AQipt= [dInUiphxQipt  [dIn(li)xQipt [dIn(St)xQipt  [dINGI)xQipt ............. (4)
8 Qipt=In(TE)x (FX QRO ) (il (LA

Uipo 2 lio 2

Sit Qipt + Qipo Git Qipt + Qipo

In(go) X (FE—=00) in(go)x (FE22) RD
= DU+DCHDI+DSHDNHRD ..o (5)
o] 80 83

85 88 DU DI DS DG

RD
3.1
37
22 1
3.2
1991~2001
22
3.3S0, NOx

80 89



36 SO2  NOx

3.4
( ) 1991
1994 150 1996 1999 160
1999 80 88
3.5
85
4.1 SO,
1 80 89 SO,
S0, 80
518,410 89 316,062 5.3%
SO, 37.6%
80 222,479 89 106,102 7.9%
2 SO,
68%  75% SO,
SO, 5%
1 80 89 SO,
SO, (23.14%) (19.59%)
(11.31%) (7.76%) (7.68%)
(7.41%) S0, SO,
SO,
S0,

1 SO,
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SO,
1991-2000 SO,

> S ) %) SIS

2.94 0.01 97.53 2.46 -9.58

2 7.76 591 93.15 0.94 -5.58
3. 0.23 0.00 99.98 0.02 351

4. 0.08 011 99.89 0.00 5.72
5. 4.20 40.75 59.16 0.09 -10.68
6. 0.07 0.00 100.00 0.00 7.36
7. 23.14 5.06 93.05 1.89 -7.11
8. 7.68 2.29 97.71 0.00 -11.53
9. 2.75 0.01 34.01 65.99 -11.92

10. 2.32 99.92 0.08 0.00 2.11
11. 3.19 99.74 0.26 0.00 -3.74
12. 0.71 0.62 96.85 2.54 -9.66
13. 1.97 0.00 99.15 0.85 -3.44
14. 7.41 26.34 50.10 23.56 -13.94
15. 11.31 95.54 4.46 0.00 -14.31
16. 19.59 83.45 15.27 1.28 -8.63
17. 0.59 1.92 97.90 0.17 -2.71

18. 0.82 0.00 93.43 6.57 4.92

19. 0.17 3.88 89.82 6.31 6.12
20. 1.29 0.00 55.19 44.81 15.69
21. 0.45 0.00 96.20 3.80 -0.61
22. 1.35 0.00 99.89 0.11 -13.26
100.00 38.31 56.73 4,96 -7.89




38 SO2  NOx

83 11
88
SO,

6 000 q

SO,

5 00Q —

™ 4 0mQ ( M

3 0mQ (

2 0m@Q ( >

. \-/.\.\.“l\.\d

80 81 82 83 84

1 SO,

85

86

87

88

89




89 (Jan

2 5mQ
o \\/}N\
o \/.\.\\(\)\ﬂ\*_x
o \._.\I\._.
500 .—_—‘\\”/“—‘\#—0\0_._.
0 & & & ‘ & & & 2 &
80 81 82 83 84 85 86 87 88 89
—— - —a— —»— SO02
2 SO,
4.2 SO,
2 3 80 88 SO,
116,764
3 SO,
154,866 80-85 120,057
80%
80-88 SO,
4
47,507 80-83
SO, 37,824 85-88

. 2004) 39

3,606



40 SO, NOy

80-83
SO, 3,606
5
80-83
85-88

6

106,406

SO,
SO,

83-85 SO,
SO,
80-83
85-88
21,722
83-85
80-83
SO,
SO,
80-83 56,375

SO,
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2 SO,

80-83 84-85 86-88 (80-88 )
1. -4,909 -3,594 -2,050 -10,553
2. -7,441 -6,481 -3,023 -16,945
3. -122 -86 -82 -290
4. -38 =77 -54 -169
5. -3,821 -2,687 -2,758 -9,266
6. 33 -57 -105 -129
7. -159 216 2,173 2,230
8. 297 114 -215 196
9. 231 233 41 504
10. -1,222 -1,691 -1,586 -4,499
11. -1,221 -1,153 -443 -2,817
12. -12,480 -6,190 -7,418 -26,088
13. -389 -1,087 -280 -1,756
14. -2,379 53 -878 -3,205
15. -1,981 -7,299 2,121 -7,159
16. -8,158 -10,286 -5,027 -23,471
17. -114 -145 -642 -901
18. -297 -600 -646 -1,543
19. -155 -62 -169 -387
20. -668 -369 -194 -1,231
21. -501 -559 -287 -1,437
22. -6,003 -424 -1,422 -7,849

-51,587 -42,231 -22,946 -116,764
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SO,

18, 008

10,00

5000

-50,0 0 0

-100, 0 0

-150, 0 0

-200, 00 B

4.3 NOx

NOx
28%
140,000

80

NOx

SO,

89

7%

NOx
NOx
NOx

NOx

120,000
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89
3 SOx
80-83 83-85 85-88 (80-88 )
1. -4,607 -3,689 -2,306 -10,601
2. -10,287 -9,822 -6,193 -26,302
3. -297 -303 -242 -842
4. -99 -88 -57 -245
5. -4,722 -3,263 -2,073 -10,058
6. -80 -89 -50 -219
7. -123 39 335 252
8. -644 169 221 -254
9. -444 124 179 -141
10. -2,751 -2,616 -1,775 -7,142
11. -1,115 -892 -512 -2,519
12. -11,843 -10,169 -6,525 -28,537
13. -12,810 -11,414 -12,531 -36,755
14. -1,057 -1,611 155 -2,512
15. -3,042 335 558 -2,148
16. -7,800 -4,597 -667 -13,064
17. -626 -769 -576 -1,972
18. -994 -957 -675 -2,626
19. -111 -161 -112 -383
20. -780 -662 -482 -1,924
21. -622 -492 -289 -1,402
22. -2,581 -1,698 -1,193 -5,473
-67,434 -52,623 -34,809 -154,866
4 SOx
\ 80-83 83-85 85-88 (80-88
1 -2,467 -443 -995 -3,905
2. 4,846 4,238 7,236 16,320
3. 498 350 377 1,225
4, 47 26 2 75
5. 1,001 -488 -1,312 -800
6. 28 -1 -117 -90
7. -350 185 1,919 1,754
8. 88 -477 -717 -1,106
9. 403 643 -522 524
10. 2,010 413 274 2,697
11. -414 -784 480 -717
12. -22,401 -847 -11,538 -34,786
13. -16,433 -2,644 3,089 -15,988
14. -254 -812 -728 -1,794
15. -2,190 -1,330 -2,205 -5,725
16. 2,242 -5,653 1,398 -2,013
17. -478 489 -262 -250
18. 233 178 109 519
19. -137 -38 -24 -200
20. -465 -459 -272 -1,197
21. -241 31 -56 -267
22. -3,390 1,348 258 -1,785
-37,824 -6,077 -3,606 -47,507
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SO, NOy
SOx
80-83 83-85 85-88 (80-88
1. -1,750 -1,234 36 -2,948
2. -10,756 -5,334 7,579 -23,669
3. -569 -274 -343 -1,187
4. -66 -57 -29 -153
5. -3,806 -749 -695 -5,250
6. 18 -9 31 41
7. 202 -79 91 214
8. 293 16 -115 194
0. -115 -830 61 -884
10. -2,766 -718 -1,013 -4,497
11. -683 80 -682 -1,285
12. 11,681 43 7,065 18,788
13. 9,717 -2,013 142 7,846
14. -192 735 -170 373
15. 207 -455 -659 -907
16. -1,949 51 -863 -2,761
17. 382 -239 -113 30
18. -360 -278 -425 -1,062
19. -58 59 -94 -93
20. -50 442 303 695
21. -249 -338 -96 -682
22. -2,528 -866 -1,130 -4,524
-3,398 -12,049 -6,276 -21,722
SOx
80-83 83-85 85-88 (80-88
1. 3,858 1,725 1,197 6,780
2. 8,719 4,395 3,506 16,621
3. 246 141 126 513
4. 81 42 30 152
5. 3,678 1,795 1,285 6,757
6. 67 41 26 134
7. 109 76 300 486
8. 561 405 396 1,363
9. 387 297 322 1,006
10. 2,284 1,220 913 4,417
11. 976 416 266 1,659
12. 9,946 4,753 3,479 18,177
13. 11,339 5,685 4,252 21,276
14. 1,114 590 462 2,166
15. 2,632 1,503 1,426 5,561
16. 5,525 2,743 2,258 10,526
17. 608 373 300 1,281
18. 824 454 338 1,616
19. 150 78 56 284
20. 622 309 257 1,187
21. 516 229 150 895
22. 2,134 793 620 3,548
56,375 28,065 21,967 106,406
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7 NOx
NOy
NOy 43.45%
NOy
NOy NOy
NOy
NOy

NOy
6 Q000 @

5 QQ00 & M
—4 Q00 ¢
~3 Q00 ¢
2 Q000 ¢

= = — % " —@8 g . .
1 Q000 ¢

80 81 82 83 84 85 86 87 88 89

4 NOXx



46 SO, NOy

16000(Q

1 400 ( H/X//X\\N)\v
1200 —X— S

1 00

- eee a8 \.\.\l—l——-l

6 ®,0(

400
20,0(
o ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘
80 81 82 83 84 85 86 87 88 89
—— - —A— —>— O
5 NOx
7 NOx
1991-2000 NOx
NOx % % % % %
1 2,86 0.01 97.54 2.45 -1.90
0. 7.82 543 93.45 112 2.45
3. 0.24 0.00 99.99 0.01 4.69
4. 0.08 0.10 99.90 0.00 1471
5. 4.10 4106 | 5881 0.13 -3.09
6. 0.07 000 | 10000 0.00 16.48
7. 23.65 5.87 92.17 1.96 0.78
8. 7.56 217 97.83 0.00 -4.01
0. 271 0.00 35.15 64.85 -4.44
10. 242 99.89 0.11 0.00 10.79
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7 NOx ()
1991-2000 NOx
NOx % % % % %

11. 3.16 99.63 0.37 0.00 4.44
12. 0.69 043 96.41 317 -1.98
13. 2.00 0.00 98.91 1.09 4.76

14,
7.12 2592 | 5014 23.94 -6.63
15. 10.84 95.51 4.49 0.00 -7.03
16. 19.80 8355 | 14.93 153 -0.95
17. 0.61 1.40 98.36 0.23 5.56
18. 0.87 0.00 92.55 7.45 13.84
19. 0.18 2.71 90.57 6.73 15.14
20. 148 0.00 53.31 46.69 25.52
o1, 0.46 0.00 94.83 5.17 7.84
22. 1.28 0.00 99.87 0.13 -5.89
10000 | 3823 | 5674 5.02 -0.07

4.4 NOyx
8 NOy 80-83
NOy 13,286
83-85 6,787
85-88 7,885
80-88
NOx 1,386 6 80-88

NOx
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83
80-83 310

83-85 NOx

85-88
20,075
83
NOx

10,0

D

8 M0 O

6 @0 0

4 @ 0

2@ 0

- 2000

- 4000

- 6000

6 NOx

33,573
NOx
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NO X
80-83 83-85 85-88 (80-88 )

1 121 -778 -834 -1,492
2. 2,003 73 -22 2,055
3. 106 83 25 214
4. 36 -12 -24 0
5. 118 -143 -1,481 -1,506
6. 62 2 -71 -7
7. -271 401 4,027 4,157
8. 698 151 -361 488
9. 528 384 100 1,012
10. 934 53 -663 324
11 27 -385 -180 -537
12. 331 499 -3,814 -2,985
13. 730 -39 -214 477
14. -3,041 323 -1,155 -3,874
15. 3,310 -3,652 3,176 2,834
16. 8,296 -4,495 -5,024 -1,223
17. 327 269 -326 270
18. 415 35 -276 174
19. 0 34 -101 -67
20. 94 63 223 380
21. 51 -159 -134 -241
22. -1,588 506 -756 -1,838

13,286 -6,787 -7,885 -1,386
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9 NOXx
80-83 83-85 85-88 (80-88

1. 298 -812 -1,042 -1,556
2. 583 -2,240 -2,808 -4,465
3. 19 -67 -112 -161
4. 6 -19 -26 -40
5. -413 -597 -750 -1,761
6. 5 -19 -23 -37
7. -193 32 424 263
8. -1,002 252 434 -315
9. -692 185 354 -153
10. 176 -576 -814 -1,214
11. 86 -193 -236 -342
12. 713 -2,234 -2,981 -4,502
13. 5,181 -5,490 -13,077 -13,387
14. 90 -704 485 -129
15. -4,124 809 1,374 -1,941
16. -792 -1,042 122 -1,713
17. 66 -165 -264 -363
18. 62 -212 -295 -444
19. 24 -36 -47 -59
20. 27 -195 -112 -281
21. 39 -107 -133 -200
22. 151 -378 -547 -773

310 -13,809 -20,075 -33,573

10 35,388
80-83 23,744
83-85 7,713
85-88 3,931
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10 NOXx

80-83 83-85 85-88 (80-83 )
L -1,220 -305 -860 -2,385
2. 2,455 2,972 6,373 11,800
3. 249 243 324 816
4, 24 18 1 43
5. 609 -397 -1,338 -1,126
6. 14 -1 -98 -85
7. -718 383 3,662 3,326
8. 158 -873 -1,309 -2,024
0. 729 1,177 -953 953
10. 1,003 283 235 1,521
11. -203 -528 410 -321
12, -11,069 -587 -9,886 -21,542
13. -11,305 -2,538 3,317 -10,526
14. -244 -1,053 -1,168 -2,465
15. -3,615 -2,289 -3,880 -9,784
16. 1,587 -5,205 1,536 -2,081
17. -245 341 -222 -127
18. 119 124 % 337
19. 74 27 21 -122
20. -296 -406 -319 -1,020
1. -118 21 -48 -145
22. -1,584 935 219 -430

-23,744 -7,713 -3,931 -35,388

11 NOx
80-83
41
83-85 9,971
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80-83 83-85
NOx 85-88 6,431
12 80-88
NOx 84,819
11 NOXx
80-83 83-85 85-88 (80-88 )
1. -865 -848 31 -1,683
2, -5,449 -3,741 -6,675 -15,865
3, -284 -190 -295 -770
4. -33 -39 -25 -97
5. -2,318 -610 -708 -3,636
6. 9 -6 26 29
7. 415 -164 173 424
8. 529 29 -210 349
0. -208 -1,520 11 -1,617
10 -1,381 -493 -866 -2,740
11 -336 54 -582 -864
12 5,772 30 6,053 11,855
13 6,684 -1,932 153 4,905
14 -185 954 -273 496
15 342 -784 -1,159 -1,601
16 -1,380 47 -948 -2,282
17 196 -166 -96 -66
18 -183 -193 -370 -746
19. -31 42 -83 -72
20. -32 390 354 713
21 -122 -229 -82 -432
22 -1,181 -602 -960 -2,743

-41 -9,971 -6,431 -16,444
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12 NOx
80-83 83-85 85-88 (80-88 )

1. 1,908 1,186 1,035 4,129
2. 4,417 3,082 3,088 10,588
3. 123 98 108 329
4. 40 29 25 94
5. 2,240 1,462 1,310 5,012
6. 34 28 22 84
7. 223 158 573 954
8. 1,014 743 723 2,480
9. 700 543 589 1,832
10. 1,140 838 781 2,759
11. 480 280 227 988
12. 4,914 3,290 2,981 11,186
13. 7,801 5,456 4,566 17,822
14. 1,071 765 742 2,578
15. 4,346 2,586 2,509 9,441
16. 3,912 2,525 2,482 8,919
17. 313 260 255 828
18. 419 316 294 1,030
19. 80 56 49 186
20. 395 273 300 969
21. 253 155 128 536
22. 997 551 527 2,076

36,822 24,681 23,315 84,819

SO, 38%

SO,
SO,
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NOx
NOx
116,764
85-88

1.

2.

3.

NOx
4.,

SO,

SO, NOy

43%

SO,

21,722
106,406
NOx

NOx

SO, NOx

SOZ NOx

SO, NOXx

NOx

28%

SO,

SO,

NOx

NOx
1,386

NOx

NOx

SO,
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83
SOZ NOx
8% NOx
NOx
NOx
NOx
NOx
1. 81~89

2. Torvanger, A., "Manufacturing Sector Carbon Dioxide Emissions in Nine OECD
Countries ", Energy Economics, Vol.6, pp.168-186, 1991

3.Park, S., “Decomposition of Industrial Energy Consumption — An Alternative
Method “, Energy Economics, vol.14, no.4, pp.265~270,1992.

4.Shrestha, R.M.and G.R. Timilsina, “Factors Affecting CO, Intensities of Power
Sector in Asia: a Decomposition Analysis’, Energy Economics, vol.18, no.4,

pp.283~293,1996.

1996
6.Lin Sue J. and Tzu C. Chang, "Decomposition of SO,, NOx and CO, Emissions
from Energy Use of Major Economic Sectors in Taiwan", The Energy Journal,

vol.17, no.1, pp.1~17,1996.

7.Viguier, L, © Emissions of SO,, NOx and CO, in Transition Economics

Emission Inventories and Divisia Index Analysis” , The Energy Journal, 20(2),



56 SO2  NOx

pp.59-87, 1999.

8.Howarth, R.B., Schipper, Lee et al., “Manufacturing Energy Use in Eight OECD
Countries”, Energy Economics, vol.6, pp.135~142,1991.

9.Greening, L.A., W.B. Davis, L. Schipper, M. Khrushch, “ Comparison of six
decomposition methods Application to aggregate energy intensity for

manufacturing in 10 OECD countries” , Energy Economic, 19(3), pp.375-390

1997.
10. 2000
11. TEDS4.2 2001
12. 1991
13. (150 ) 1995
14. (150 ) 1997
15. (160 ) 2000
16. (160 ) 2001
17. CO NOx

vol.21 No.4 pp.64-77 2002

18.

pp.31-52 2003
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* ** *k*k
Air Easy 50
(Life Cycle Assessment, LCA)
SimaPro 5.0
60,000 199.81 Pt
165.45 Pt
2 3.




58 M #FPFRIEFIHPIARIPI 2 R

1,700
1,142 67%
317 /km? ( 90)
330,000
90,000 ( 87)
87
1.5
2.1
2.1.1
Air Easy 50
( 90) 89
50

HC 2,000 ppm

( 38 )( 90)
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50 cc
Air Easy 50
2.1.2
Sima Pro
5.0 11
2.2
2.2.1
SimaPro 1990 2001
5.0
(Phases) (Stages)
1. (Inventory)
PRE (SimaPro 5.0

SimaPro )

2. (Classification and characterization)
LCA
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(Effect
Score) (Weighting)
CO, Ny;O
CO, 1 11 N,O 27 4900
SimaPro 5.0
SimaPro 5.0
a

(Disability Adjusted Life Years DALY)

1 DALY 26,000 Pt
b.
(Potentially Disappeared Fraction, PDF)
PDF m?yr
(Potential Affected Fraction PAF m?yr)
10 PAF  m?yr=1 PDF mPyr 1PDF  m?yr 0.058 Pt
C.
(MJ surplus) 1 MJsurplus 0.0358 Pt

3. (Normalization)
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1LCA

CFCs / HCFCs
50-100

Depletion of the
Ozone Layer 1992
2001 SimaPro 5.0
Ozone Layer

The Green house 1997
Effect CO,
CH,; N,O CFCs

Acidification

Eutrophication

Heavy Metals

Carcinogens

. 1952 4,000
Winter Smog

Summer Smog

Depletion of Energy

Waste Display

Other Problems

Pre’ Consultants B.V.(1999)

(Evaluation)
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SimaPro 5.0
SimaPro 5.0
5. (Indicator)
SimaPro 5.0
(Eco-Indicator)
2.2.2
2
Pt(point)
(Singel score) Pt(point)
2 Eco-Indicator 99
Eco-Indicator 99

1. Pre’ Consultants B.V.

2. SimaPro 5.0

3.

[ Ix[ Ix[ Ix[

Points(Pt)
Nissen, Griese, Middendrof, Muller, Potter,  Reichl(1997)

2.2.3



2.3

2.3.1

LCA

Air
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Easy 50
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3 Air ( Easy 50)
)
L ead 7.8kg/ 26Ah/12V
sulphuric acid 2.6kg/
ABS( ) 700 g/
copper 1009
PV C( 609
2kg
3kg
3kg
Steel( 2709
Steel ( 3509
2.5kg
ABS( ) iggg
copper( ) 40g
tin( ) 309
ceramic( ) 10g
ciliciumcarbide 10g
( ) 209
aluminum( ) 20g
steel( )
Steel( ) 2609
( Air
)
lead( ) 1.5kg
1 sulphuric acid ( ) | 400g 12V/4Ah
ABS( ) 150g
2 steel( ) 4.12kg
3 pp( ) 5609
4 pp( ) 190g
5 pp( ) 789
6 229
7 iron( ) 18g
29
8 600g
150g
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4 ( Easy 50) ( Air ) (
)
9 A ABS( ) 759
10 B ABS( ) 959
11 ABS( ) 93g
12 ABS( ) 709
200g
13 240
150g
400g
14 «C ) 3009
300g
15 1.87kg
16 3.28kg
17 530g
750
18 steel( ) 1308
19 770g
20 steel( ) 82g
21 steel( ) 208g
22 steel( ) 265(
23 63g
24 220g
25 steel( ) 40g
26 steel( ) 1.773kg
27 1.192kg
28 PCA( ) 329
29 B steel( ) 50q
30 1.335kg
31 PE( ) 1kg
2.3.2

60,000
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1,000 (1L/ ) 3,000
/) 3,000
1 /) Air GS
12,000 60,000
( )
5
4 16 0
0 60L
0 20
3,000 1,500
2.4 SimaPro5.0
SimaPro 5.0
2.4.1
2.4.2
2.4.3

244

16

(100
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SimaPro 5.0 Eco-Indicator 99
11
(Human Health) (Ecosystem Quality) (Resources)
11 11
(Carcinogens) (Respiratory organics)
(Respiratory inorganics) (Climate change) (Radiation)
(Ozone layer depletion) (Ecotoxicity)
(Acidification/Eutrophication) (Land use) (Minerals)
(Fossil fuels)
3.1
SimaPro
5.0 6
Pt(point)
3.1.1
37.5 Pt 4.88 Pt
4 19.52 Pt 10.8 Pt
26.7 Pt
3.1.2
9.18 Pt 3.56 Pt 5.62 Pt

0.999 Pt 0.435 Pt
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0.564 Pt
27.30 Pt 6.79 Pt 20.51 Pt
3.1.311
11
SimaPro 5.0
6
o 6 P |2 e | TEEd | wasd |11 Py e s
LEEE T I rawe| (P ™) Py L e
T2 ¢ |375(P) |10.8(PY) |« 4B i 9.18 356  [sm4 8.46E-6(Dally) |1.28E-5(Daily)
w2 (24%) | (3%) e i [209E-7(Dally) [259E-7(Daly)
SHE LR
2 TR B e — — ——
# (single 3.05 E-4 (Daily) |9.5E-5(Daily)
score)
3.92E-5(Daily) |2.8E-5(Daily)
X X
. |3E-9(Dally) 4.44E-9(Dally)
B 0.999 0.436 738 7.79
=y (3%) (4%) (PAFskmPyr)  |(PAF% mPyr)
715 251
(PDFxm?yr)  |(PDF % myr)
9.19 415
(PDFxmPyr)  |(PDF s myr)
iRk 27.30 6.79 T 535(MJ surplus) {50.8(MJ urplus)
b8 (73%) (63%) [i 7 %4 en [230(MJIsurplus) [139(MJ surplus)
ERS
1 0 (Single score)
2. ( 2213 )

11
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3.2
SimaPro 5.0
7
3.2.1
167 Pt 361 Pt
194 Pt
88.9 Pt(53 )
78.08 Pt( 47 )
95.3 5
7
78.08 Pt 0
0 16.4 Pt
0 0.624 Pt
88.9 Pt 344 Pt
167 Pt 361 Pt
3.2.2

47.9 Pt
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L

BEERIBI 2 RFY

34.7 Pt 13.2 Pt
6.41 Pt 5.39 Pt 1.02 Pt
113 Pt 321 Pt
208 Pt
3.2311
8
8 11
TEH | (=26 |THBD R d 1158 Pk T Beid
# B2 |emu | P (PY) B
i’y
Te s | 167 | 361 | A #E| 479 347 0.000423(Daily) _|0.000148(Daily)
wagss e | (PO | (PO g (29%) | (10%) 1.8E-6(Daly) 191E-5(Daily)
P TR
4 i 0.00098(Daily) __|0.000909(Daily)
(Single
score) 0.000423(Daily) |0.00025(Daily)
0.18E-6(Daily)  |6.95E-7(Daily)
8.49E-7(Daily)  |7.07E-6(Daily)
4| 641 5.39 238(PAF % myr)  |424(PAF % m?yr)
s | (4%) | (1%) 27.8(PDF % nPyr) |30.5(PDF % m2yn)
58(PDF % myr)  [19.3(PDF % méyr)
7 ken 113 321  |#H4hE K [1,400(MI surplus) |6.7(MJ surplus)
g | (67%) | (89%) |77y |L.76E3(MJ surplus)|8.98E3(MJ surplus)
1 0 (Single score)
2. 2.4
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3.24
(
10,000 8,000 7,000 km ) 60,000 km
9 19.52 Pt
9
60,000km
km '
(km) P)
12,000 4 167
10,000 5 186.52
8,000 7 225.56
7,000 8 245.08
6,600 9 264.6
6,000 9 264.6
5,000 11 303.64
4,700 12 323.16
4,616 12 323.16
4,600 13 342.68
4,500 13 342.68
4,000 14 362.2
1 4,000 km 362.2 Pt
1.2 Pt
273.28 Pt(19.52 Pt/ 14 ) 75.5

(273.28 Pt /362.2 Pt)



1
( )
3.3
20 km
( SimaPro 5.0 Truck 16t B250)
SimaPro 5.0 ( Recycling only B250 avoided)
SimaPro 5.0 (

10
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10 11
LH |20 |2 owik| RBBd | Raipd | Lgpkd 5 Tepe T
Ba e B g (PY (Pt)
TH 3 460 650 | MiER 1466 2346 %R P 778E6(Daly)  |-L34E-5(Daly)
sz (P (P (3L%6) | (36%) I s § [LOSE-7(Dally)  [L.28E-7(Daly)
s ¥ 9t o f | 349E5(Daly) | 5.52E-5(Daly)
ES £ i W
fe) &% T 136E5(Daly)  |-215E-5(Daly)
*?(t(si:‘?l ig,ix}- X X
ngle — — - .
Score? L7 8 AR 206E-8(Daly) |-3.19E-8(Daly)
4 kg | -0.07 -0.1187 |4 jp 3 4+ -6.54(PAF % mPyr) |-10.55(PAF x mPyr)
¥ (1%) (2%)  Imi@gie  |0542(PDF* miyr) |-0.976(PDE* niyr)
BN x x
g | 3144 3074 (i onn L7 (MIsurpluy) |-17.4(M3 surplus)
(68%) | (62%) [ gmpmmpm |-76.46(MIsurplus |-96.8(MJsurpius)
1 0 (Single score)
2.
3.3.1
-4.69 Pt
-6.54 Pt
1.85 Pt
3.3.2
-0.07 Pt
-0.119 Pt
0.049 Pt -1.47 Pt -2.35 Pt
0.88 Pt
-3.15 Pt -4.08 Pt

0.93 Pt




T4 14 G EP I E T

5 &
w

R S RS Py

3.33 11
-4.69 Pt
-6.54 Pt
3.4
11
11 11
TR AAE |2 G ek R Geah s d (1198 Bt B % wh s o s @
& & B (P) (Pt)
648 [199.81 |365.26 |4 4t 55.614 35914 R 0.000424(Daily) 0.000147(Daily)
b N ) (28%) | (10%) ey i as [LoE-6(Daily) 1.9E-5(Daly)
B iR A o
R IR 8eF ek 52 |0.00125(Daily) 0.00095(Daily)
% B Py
Si 32?'6 e 0.0005(Daly) 0.00026(Daly)
15 o 9.18E-6(Daly) 6.95E-7(Daily)
[y 8.31E-7(Daily) 7.04E-6(Daily)
4k kgl 7.339 5707 |4 A 238.838(PAF  m?yr)[421.24(PAF  nyr)
0 0,
¥ (4%) (2%) Feitgrig % i+ |34.405(PDF % myr) [20.835(PDF % mPyr)
A 67.19(PDF % m’yr) [23.45(PDF % m’yr)
FiRagge~|  137.156 323716  |@ 4 chR 1,923.3(MJ surplus) |40.1(MJ surplus)
(68%) (88%) i 7wk e 3 11,913.54(MJ surplus)|8,971.84(MJ surplus)
0 (Single score)
3.4.1

11
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68 88
28 10
3.4.2
199.81 Pt 365.26
Pt 165.45 Pt
2

186.56 Pt
19.4 Pt 3
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3376

11 4 6
1,883.2 (MJ surplus)
(Fossil fuels)

surplus)

43.74(PDF  m?yr)

7,058.3(MJ

182.402(PAF  m?yr)
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ot [ EESTRE R - EE R S L 1 it L AR

OTdtpd Mpwpd

P D*n2yr

BN TS S AN BN
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89 78 4

90

80

70

60

MJ wplus 2 O O 782

e [ LR

30

20 4 10

10

G EdSE R LT ag R
6
3.4.3
( 10,000 km 8,000
7,000 ) 60,000 km
12 7
12
60,000km
km Pt

12,000 4 199.81
10,000 5 1033
8,000 7 258.37
7,000 8 277.89
6,600 9 29741
6,000 9 29741
5,000 1 336.45
4,700 12 355.97
4,616 12 355.97
4,600 13 375.49
4,500 13 375.49
4,000 14 395.01
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145 RBis

:
S e

4,616 km

12

4,616

4,000

km

29.75 Pt

km

4.1

365.26 Pt

165.45 Pt

199.81 Pt

194 Pt

26.7 Pt

88.9 Pt

344 Pt
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78.08 Pt
1.
186.56 Pt
19.4 Pt
2. 11
1,883.2 MJ surplus 7,058.3 MJ
surplus
43.74(PDF  m?yr)
182.402(PAF  m?yr)
3.
6.54 Pt 1.85 Pt
4,616 km
4,000 km
29.75 Pt
4.2

42.1
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4.2.2

4.2.3

1. 1SO-14000
86
2. LCA
90

90

90
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83
6. 16 17-19 89
7.

82
8 85
9.

88

10. 2 30-33 83

11.Nissen, N. F., Griese, H., Middendrof, A., Muller, J., Potter, H.  Reichl, H.
Comparision of Simplified Environmental Assessments Versus Full Life Cycle
Assessment(LCA)for the Electronics Designer, Life Cycle Networks, F.-L. Krause
& Seliger(Eds.), Chapman & Hall, 301-312,1997.

12.0wens , JW. LCA Impact Assessment Case Study Using A Consumer
Product.The International Journal of Life Cycle Assessment,1, 209-217,1996.

13.Pre’ Consultants B. V. SimaPro 5.0 User Manual, Pre’ Consultants B. V., The
Netherlands, April,1999.

14.Robert G. H.,William E. F. LCA-How it Came About. THE INTERNATIONAL
JOURNAL OF LIFE CYCLE ASSESSMENT, 1, 4-7,1996.

15.SETACA Conceptual Framework For Life-Cycle Impact Assessment,Workshop
Report,11-14,18-24,26,1993.

16.Van Nes, C. N., Stevels, A. L. N., Selecting Green Design Strategies on the
Basis of Eco-Efficiency Calculations,Life Cycle Networks, F.-L. Krause &
Seliger(Eds.), Chapman & Hall,313-323,1997.

17.Wenzel, H., Hauschild,M. Alting, L. Environmental Asessment of Products
Methodology, Tools and Case Studies in Product Development, Vol.1,

Chapmané& Hall, London,1997.
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1990
1956




84

( )
(
)
(voluntary approaches) (environmental negotiated
agreements)
1992 (the 5th Environmental Plan of Action )
( )
1996 12
2000 4 26
1.1
(self-regulation)
(voluntary initiatives) (voluntary codes) (environmental
charters) (voluntary accords) (voluntary agreements)

(co-regulation) (covenants) (pollution control agreements)
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(negotiated environmental agreements)
CAVA
(unilateral commitments) (public voluntary schemes)

(negotiated environmental agreements)

(Responsible Care

programme ) 44

(Public Voluntary Schemes)

(environmental logo) 1993

( Eco- Management and Auditing Scheme

EMAS) EMAS
EMAS 1SO 14001

(negotiated environmental agreements) (

) ( )

(covenants) (pollution control agreements) UNFCCC



86

Expert Group

CAVA

1.2
81

1.3

1998

Oko-Institut

)



2.1
211

1996

88

1996

83

89

(Jan. 2004) 87

16

10

25

17

1970

80



88

b
1995 1996
2005
20 (1990 )
25 20
( )
c (
) (
2000 2012
6 1990 35
28 2005
d.

50%

2.1.2

30
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3 5
2.1.3.
( )
( )
a.
( ) 3
( ) ( )
( ° ) (
)
b.
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2.2
2.2.1

1996 10

2 1996
5 0 5 0 0 0 0 0
2000 11
2001 4
2001 3 ( ) 40
(Climate Change Agreement)
20 80
2

2.2.2

1972

2001 4

80
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2.3
2.3.1
1996 31 3
3 1996
12 | 2 6 1 1 2 5 2
PECHINEY 70
1996 PECHINEY PECHINEY
2000 (1990 )
19 73 (
1 5,100
) 2000 30
2 63
34
2.3.2
1970
1980

1985



92

1990
2001 1
24
24.1
1996 83 4
4 1996
17 7 31 7 3 1 9
1993 (
) ( )
(103 (covenants)
(
91 ( 125
114 ) (Company
Environmental Plan CEP) 1994 1995
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2000 2010

24.2

(the National Environmental Policy Plan, NEPP)

200

(Environmental Covenants),

(Integrated Environmental Target Plan, IETP),
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2.4.3
3
330 )
2.5
2.5.1
1996 24 5
5 1996
9 4 1 2 3 1 3
1993 (CO,-tax)
2000 (COy) (SO,)5

4 6
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2.5.2
1980 1992
2.5.3
(
)
( )
3
2.6
2.6.1
1956( 31 ) 1999 ( 11 ) 43 54,379

1999 4 1 2000 3 31
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19914 2000
44126 (32|49|14|12|14 |41 | 14 47 110 | 28 | 47 | 63 | 12|109(186
1952

1964
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6 (
) 1997 6 36 137
1994 53
2000 56 2010 10 (1990
) 550
2.6.2
1999

2.7

2.7.1
1 2. 3
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2.7.2

2.8

305

65



36
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137

1 1.
2.

2. 3.

3. 4,

4,

5.

6. 5.

7.

1 1.

2. 2.

3.

4. 3.
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11.
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102

88
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96-97 1995.6.

2. 2000( ) 632-674

2000

206 29 1995.2.

165-198 1997.11

92-102 1999

6. 199-229

1997.11.

( )----- 223-270 1996.8.
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119-123 2000.12.

2/252-2/274 2001.12.

1. Steve Baeke Prof.Marc De Clercq Frederik Matthijs [The Nature of
Voluntary Approaches: Empirical Evidence and Patters Literature Survey],
CAV A Working Paper pp1-28 1999.

2.Communication from the Commission to the Council and the European Parlament
on Environmental Agreements, COM (96)561 final, 4 ff.

3.0ke-institut,1998, New Instruments for Sustainability -The New Contribution of
Voluntary Agreement to Environmental Policy, Final Report, Darmstadt, 1998.

4.Peter Borkey and Francois Lévéque, [Working Party on Economic and
Environmental Police Integration VOLUNTARY APPROACHES FOR
ENVIRONMENTAL PROTECTION IN THE EUROPEAN UNION] 1998.

5.Storey, M.,Policies and measures for common action-demands side efficiency :voluntary

agreements with industry, OECD Environment Directorate,pp25 1996.

1. D D
103-159 1993.9.15.

2. 32— ar ELTD DA
D 2-31 1999.10.30
3. & iz 9% — N1V
% LT D 162-195
1999.10.30
4. 1-49 ( 2001.6.13.)
5. W Ry V— 772 ar Yal

A b 284-285 19990.5.
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6. & D 988
18 1981.2.21.
7. KA D Yal) A b 344 1999.5.
8. D
97-150 1999.10

9. DD (1)— NA Y 2B 5
iz 9% D 56
1997
10. Lz D D Yal] Ak
458 274-278 1970.8.10
11. 176-177 1994
12. NAYVIZBITE A7 45— NL% D
38 1 147-175 1989.3.31.
13. NAVIZBITS
D 148-176 1991.10.20.
14. D Bz D Yal] Ak 48
1999.5.
15. ED — Y a1 A 458
279 1970.8.
16. bt AT AN Pal) A b 929 118-119

1989.3.15
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1996 6 20 8 19
112 (Clean Air Act Section 112) 77 63

(Risk Management Plan RMP)(40 CFR part 68)

RMP

2. 3. (RMP)

()
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2001 5 18
200
1600 TNT 109
Flixborough ( 10 TNT
) ( 1psi  )300 28
89
(World Bank)
(US EPA)
(Clean Air Act of 1990) [Risk Management
Program (RMP) Rule]
(threshold quantity)
RMP
1996 6 20 8 19
112 (Clean Air Act Section 112) 77 63

( )
(Risk Management Plan)(40 CFR part 68)
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(OSHA) (process safety management, PSM)
2.1
3
1 (1
1 (Program 1) (process) (worst-case)
(endpoint distance )
(public receptors) 5
2(Program 2) 1 3
3(Program 3) 1 OSHA
PSM (North American
Industrial Classification System, NAICS) 3

OSHA  PSM (

(1)

Moo o AW RE
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2.1.2

(effect)

(environmental receptor)

A I A

2-2 RMP
(hazard assessment) (prevention program) (emergency
response program)
221
RMP (off-site

consequence analysis) (five-year accident history)

222
EPA

OSHA  PSM
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2.2.3
RMP
RMP @

1.

2.

3.

4,

1 @
1 (Program 1) 2 (Program 2) 3 (Program 3)
1
3 1
OSHA PSM

(NAICScode)
© pulp mills(32211)
" dkaiesand chloring(325181)

" industrial chemicals inor
-ganic (325188)

" plagicsand resng325211)

" cyclic crudes and interme-
diates(325192)

" industrid organicy(325183)

" nitrogenousfertilizer§325311)

" ayriculturd chemicadg(32532)

" petrdeum refineries(32411)

" petrochemical manu-
facturers(32511)

NAICS Code SIC Code
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HERERER
OSHA K PSM 18

HERBIIR
NAICS % ER#K
A ?

RESERNA
B, HEBEEA
RERLHZR?

NO

A
es
y yes yes
es
FIELEYN R y
588 R RSN |
&9 v
EEREFR3
NO l
EERLR1

1 (1)

o
o ot
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(1)

1 (Program 1)

2 (Program 2)

3(Program 3)

—~

(hazard review)
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2.3

23.1

3RMP OSHA PSM

OSHA PSM

EPA RMP

(registration)

(management system)

(hazard assessment)

(offsite consequence analysis)

(accident history)

(prevention program)

(process safety information)

(process hazard analysis)

(operating procedures)

(training)

(mechanical integrity)

(management of change)

(pre-startup review)

(compliance audits)

(incident investigation)

(employee participation)

(hot work permit)

(contractors)

(emergency response program)

ANENENENENENENANENANANANAN

(risk management plan)

(communications to the public)

SNENENEN AN AN RN N RN AN AN RN AN ENENANENANANENAN

(worst-case scenario)

(alternative release scenario)

2)




(Endpoint)

LFL
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( )
a
RMP (Offsite
Consequence Analysis(OCA) Guidance)(39)
EPRG-2 EPRG-2 LOC LOC IDLH/10
IDLH IDLH
LCgx0.1
LCio
LDspx0.01
LD 0x0.1
L Dso(mg/kg) LOC(ppm)
(LOC)70kg
mg/m*=———
0.4m°
70kg 0.4m* 30
b.
(vapour cloud explosion)-- 1psi
LFL
/ -- (pool fire) (jet fire) (BLEVE)
5kW/m? 40
(flash fire)-- LFL LFL NFPA
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2. / (Wind Speed/Atmospheric Stability)
1.5m/sec F
3
(higher minimum wind speed) ( 1.5m/sec)
3. / (Ambient Temperature/Humidity)
(highest daily max. temperature) us
EPA (RMP OCA Guidance) 25
50%(RH) /
4, (Height of Release)
5. (Surface Roughness)
(urban) (rural)
6. (Gas Density)
(
)
7. (Temperature of Released Substance)

2.3.2
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1

2 3

90% 0.9x
(25 77 )
10
(10 )
( )
( )
1 10
1
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RMP
4,
1psi
TNT 10% 10
5.
( 231 ) RMP
6.
(passive mitigation system)
7.
2.3.3

RMP
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1.
2.
3.
RMP
«C )
4,
(active and passive mitigation systems)
(water
curtain)

234
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21,665 22,000
2.3.5

2.3.6

(owner or operator)

2.3.7

(release duration)

2.3.8
RMP
RMP
US EPA
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US EPA (National Oceanographic and Atmospheric
Administration, NOAA)
RMP* CompTM

2.4

- /

-- (process vessel) (transfer hose)

2.5
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RMP

(passive mitigation)

(active mitigation)

(RMP) /

( )
(threshold quantity)

A w0 poPR

( )

(the worst-scenario) ( - )
(end-point)( )

(end-point distance)

1. RMP
EPA guidance http://www.epa.gov/scramO0l//
CEPPO Homepage www.epa.gov/ceppo/
RMP* SubmitTM Program http://www.epa.gov/swercepp/rmp-dev.html
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RMP*CompTM  http://response.restoration.noaa.gov/chemaids/rmp
/rmp.html
CAMEO ALOHA www.nsc.org/ehc/cameo.htm
CAMEO http //epa.gov/ceppo/cameo/contact.htm
NAICS code web page www.census.gov/epcd/www/naics.html
ALOHA http://safety.webfirst.com/ehc/cam/aal oha.htm
2.US EPA, General Guidance for Risk Management Program, EPA550-B-00-008,
2000.
3. US EPA, Risk Management Program Guidance for Off-site Consequence Analysis,
EPA 550-B-99-009, 1999.
4. Walter, R. |., Practical Compliance with the EPA Risk Management Program,
AIChE, 1999.
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TFT-LCD
SBR

UF RO
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TFT-LCD

* * * *k %

(thin film transistor liquid crystal display, TFT-LCD)

TFT-LCD

TFT-LCD

1/3
TFT-LCD

1.TFT-LCD 2. 3. 4,

* %%



126 TFT-LCD

(thin film transistor liquid crystal display, TFT-LCD)
TFT-LCD TFT-LCD

TFT-LCD

TFT-LCD

TFT-LCD
(dimethyl
sulphoxide,DM SO, (CH5),S0O) (ethanolamine,(C,HsONH.))
(tetra-methyl ammonium hydroxide,TMAH,(CH3)4;NOH)
1/3

200,000

(membrane bioreactor, MBR)

(reverse osmosis, RO)
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TFT-LCD
()
2.1
(dimethyl
sulphoxide,DM SO, (CH3),S0O) (ethanolamine, MEA, (C,HsONH,))
(tetra-methyl ammonium hydroxide,TMAH,(CH3),;NOH) (isopropyl
alcohol,IPA,CH;CHOCH,) (devel oper) (stripper)
(rinse) (
1) TKN/COD 0.166-0.200

(0.05)

TFT-LCD



TFT-LCD

128
1 (TFT-LCD)
(CHs).SO  (DMSO) | (CHg),NOH |CHCHOOHCH;|
CHONH, (MEA) (TMAH) (IPA)
pH 9-11 10-13 10-11 10-11
SS (mg/L) <10 <10 <10 <10
COD (mg/L) 800-1,200 400-600 600-1,700 800-1,500
TKN (mg/L) 90-200 100-120 60-90 100-200
NHz-N
(mg/L) 0-10 2-10 0.1-10 2
NOX-N 0.1-04 0.0-0.3 0.1-1.3 0.2
(mg/L)
2.2
1
(UF) (

2) 1,270 / ZENON
ZeeWeed®500a 6 (cassette)( 48
(element))( 3) 2,160m? 0.036u m

(RO)
2 (membrane)

(permeate pump) (backpulse) (chemical addition) (air injection)

(waste sludge)

(permeate pumps)

(backpulse tank)

2~8psi
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(TMP) (flux)
221 (air scour)
(concentration polarization)
2.2.2 (backpulse)
30~40 15~30
2.2.3 (chemical soak)
2~6
(RO) Dow Chemical
8,040 90 1,500 / 1,200 /
80%( 4)
) ﬁ UF water
Ixer fixer
westeneter el i
A Recycle
T‘ | T ecirculation ‘
T T T esudge
@ ®) © @ © ®

aanoxic tank(1); b:aerobic tank(1);c:anoxic tank(2);d:membrane tank; e:UF water tank; f:RO

1 (MBR) (RO)
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4
3.1
2
TFT-LCD
MLSS  8,000~12,000mg/L COD
(0.46~1.5 kgCOD/m3*d 1)
COD TOC BOD 35.2mg/L 20.2mg/L 6.5 mg/L COD
97
SS
(SRT>30 )
(T-N) 71.5

( 0.27 Kg SS/Kg COD)
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( 15 30 ) (
(flow rate) 50m/hr (flux)
21.5Imh (TMP) 8~12Kpa 5)
(55K pa)
2
MBR RO
(%)
Temperature () 28 28 30
pH 10.8 7.0 7.2
SS (mg/L) <10 b.d.(<0) b.d.(<0)
COD (mg/L) 1,300 35.2 97.2 b.d.(<5)
TOC (mg/L) 700 20.2 97.1 22
BOD (mg/L) 560 6.5 98.8
T-N (mg/L) 120 34.2 715
NHa-N (mg/L) 1.8 15.2 2.7
NOx-N (mg/L) 0.1 185
Conductivity(u s/cm) 420 2,192 55
SDI 2.3
3.2
TFT-LCD

COD TOC




7
(9/28~10/30)

TMP (Kpa)
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2 COD
(<5mg/L) TOC 2.5mg/L NHs-N 2.7 mg/L( 2)
55p S/em( 6 )
SDl 5 3
( 6~8
(46
TFT-LCD
80 T T T v T T T T r T 80
ol | —o—T™P "
1| —e—Flowrate B
Max.Membrane TMP
60 — | 60
07 grmoam e nre o0 2 ahe R on f e s st 50 Tl
e /’o ~.‘o/\O/ u.;\'. '.-QV\.\/\".\./..\/./\T.\.\./.\.\.. \\: by .\/° \o + g
40 \ 1) ! ° L) X \ ® L 40 §
1 @
30 & ° L 30 i"’
=
20 . Loo
10 @R %5‘023’0%90330 o L
104 \m/ B8 8 @093(95&:9%)@9 WOOW%% WW%&‘ |10
0 T T T T T T T T T T T T 0
Sep 29 Oct 19 Nov 8 Nov 28 Dec 18 Jan7 Jan 27
Date
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Conductivity (u S/cm)

TFT-LCD

5000 . . . . . . . . . . . . 60
4000 -
3000
2000
—=—RO Influent (MBR Effluent) 3
1000 — —o— RO Permeate L 10
] —e— Flow rate
; L
e T T T T O L PO T T T T T T PO T T T T OO
0 y 7 . . : 7 : . / : / . 0
Sep 28 Oct 18 Nov 7 Nov 27 Dec 17 Jan 6 Jan 26
Date
6
3.0 T T T T r T T T T T T T 14
e
L
>
<

0.0 —_— : . .
Sep 28 Oct 18

T T T T
Nov 7 Nov 27 Dec 17 Jan 6

Date

(4y/w) ares moj4
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8 ( ) pH (1)
(1) (2
3.3
9 885.3
3,733Kw-hr 7.5
660 Kw-hr (
)
1.3
11.7 |/
( 3 )
(CoD
SS) 1,200

1,150 Kw-hr / (
) 1.7
09 / 2.6
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T T T T T T T 1600
14000 A F
] MBR - 1400
—o— MBR
12000 A i
i 1200
10000 + i
= % 11000
< | .
8000 e]ecaereeqe) \r
é I 800
- E
6000 | 600 aw
4000 - - 400
2000 L 200
0 T T T T T T T T T T T T 0
Sep 28 Oct 18 Nov 7 Nov 27 Dec 17 Jan 6 Jan 26
Date
9
3
/
6.2 13 17 9.2
2.2 0.6 0.9 3.7
1.4 1.4
11.7 2.6 14.3

3.4
TFT-LCD
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(2002/9/28~2002/10/30)

( )
PVC Ss
3 mg/L SDI 5
( 8 )
( 2-3 ) (
)
(2003/2/26~2003/3/4)
10 (TMP)
( 1 ) 24

12 )
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80 T T T T T T T T T 80
1 O Flux (LMH) °
A  TMP (Kpa)
60 o%RAAA - 60
a* %o
— 1 o o000 DDDDDDDDDDODDDDODDQ Dc:cno::)c:L‘Jc:o::)C’L-;oOoA
T o o [ele} o 2
= 40- °° -40 T
vt e —~
E and '§
b A
o NG 2
aaatat
20 aha as, A“AAAAAAAMAM“‘A“A 20
0 T T T T T T T T T 0
Feb 17 Feb 20 Feb 23 Feb 26 Mar 1 Mar 4
Date
10 (TMP) (Flux) (2003/2/26~3/4)

11 () ()
24
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TFT-LCD

1.

MLSS

MLSS

2.

(MLSS)
8,000~12,000mg/L (SS) 1
mg/L 0.1NTU
3.

SDI45<3
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MLSS

1.Berthold et al. (1999), “Replacement of Secondary Clarification by Membrane
Separation-Results with Tubular, plate and Hollow Fibre Modules.”, Wat. Sci.
Tech. Vol. 40,No. 4-5, pp.311-320.

2.Burica O., Strazar M. and Mahne I. (1996). Nitrogen removal from wastewater in a
pilot plant operated in the recirculation anoxic-oxic activated sludge mode. Wat.
Sci. Tech., 33(12), 255-258.

3.Cicek , N. , Franco , J.p., Suidan , M.T. , Urbain , V. and Manem , J. (1999a),
“Characterization and Comparison of a Membrane Bioreactor and a Conventional
Activated-Sludge System in  Treatment of Wastewater Containing
High-Molecular-Weight Compounds.” Wat. Environ. Res. 71, 64-70.

4.Cote P., Buisson H. and Praderie M. (1997). Immersed membrane activated sludge
for the reuse of municipal wastewater. Desalination, 113, 189-196.

5.1rwin, J. (1990), “On-site wastewater reclamation and recycling.”, Wat. Env. Tech.,
pp.90-91.

6.1zumi K., Madokoro T. and Yamada Y. (1995) “The practical use of membrane
process for domestic waste water treatment.”, Shigen Kankyo Taisaku , 31(11) ,
pp.923-930.

7.Larry D.B., Clifford W.R., “Biological process design for wastewater treatment.” ,

Prentice-Hall , Inc. , Englewood Cliffs, New Jersey , USA.
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8.Sillen L. G. (1965). Oxidation states of earth’s ocean and atmosphere: a model
calculation on earlier state: the myth of prebiotic soup. Archiv Kemi Acta, 24,
431-456.

9.Standard Methods for the Examination of Water and Wastewater (1993). 18th edn,
American Public Health Association/American Water Works Association/Water
Environment Federation, Washington DC, USA.

10.Stephenson T., Judd S., Jefferson B. and Brindle K. (2000). Membrane bioreactors
for wastewater treatment. IWA Publishing, London.

11.Suwa Y., Suzuki T., Toyohara H., Yamagishi T. and Urushigawa Y. (1992).
Single-stage, single-sludge nitrogen removal by an activated-sludge process with
cross-flow filtration. Wat. Res., 26, 1149-1157.

12.Tom Stephenson, Simon Judd, Bruce Jefferson, Keith Brindle, (2000) “Membrane
Bioreactors for Wastewater Treatment.”, IWA, London.

13.Tatsuki et al., (1997) “Effect of Aeration on Suction Pressure in a Submerged
Membrane Bioreactor”, Wat. Environ. Res. Vol. 31, No. 3, pp.489-494.

14.Thompson, D., Mourato, D., Penny, J. (1998) "Demonstration of the ZenoGem
Process for municipal wastewater treatment.”, WEF Annual Conference ,
Chicago .

15.Ueda T., Hata K. and Kikuoka Y. “Treatment of domestic seawage from rural
settlements by a membrane bioreactor.” Wat. Sci. Tech., 34(9), pp.189-196.

16. Yamamoto K., Hiasa M., Mahmood T. and Matsuo T., (1989) “Direct solid-liquid
separation using hollow fiber membrane in an activated sludge aeration tank.”,

Wat. Sci. Tech., 21, pp.43-54.
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* kk kkk kksksk kksksksk
26.17
I )
47.34 I ) 50CMD
BioNET BAC UF RO
3
RO

( ) NT$20/

BTO
1. 2. 3.BioNET 4.BAC 5. 6. 7.UF 8.RO

%k

kookok

kskokok

kokk kK
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(
)
(
) 789,030CMD
55.27%  436,136CMD( 1) ‘
" 60%( RO 60%

60% 1
26.17 / 47.34



144

1
/
(CMD) (CMD) (%)
11 347,750 212,066 60.98
9 99,500 42,219 42.43
17 331,780 179,381 53.5
2 10,000 2,470 24.7
39 789,030 436,136 55.27
( )
473,418 261,682 5327
1.
2.
3.RO RO
4.




COD
) 1~20pm UF

RO

Bench

2)

[EEELER LY N4
»

-
) A
. -
= n
- .
.
() o
°, g
. lo
‘e
-
“apmmmn
my
‘e
*

Bench

=
O

] .t
“"sasapsssnnmngnnnnnnnnt®

o
]
L]
L
L]

3
e

89

(Jan. 2004) 145



146

50CMD BioNET ( 3)

COD 20%~50%

BioNET
80 %
3 BioNET
20CMD BAC ( 4) BAC
(COD)
BAC BAC 1/4
1/4 BAC

BAC
5% 10% BAC
COD 30% 50%
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O(%O
e [

|
10

UF

50CMD
) 1~20pum

RO
UF

Bench Scale

Bench

Scale
69 bars (1,000 psi) 14.6 cmx9.5 cm

(recycle pump)
(permeate flux) PC

(compaction)



148

(Initial permeate flux baseline, Jo)

1 <0.05
RO
9+0.02 bars (Jo) 101 p m/s 40+5% 23+2
C
NaOH (pH 11)
2 BAC BioNet 2
BAC BioNet
(Zeta Potential — 16 mV) BioNet
80~100 (
500) BioNet
BioNet BioNet
(scaling) COD BAC BioNet
50% 25 mg/L
SDI UF (SDI 6 1.03) RO
5 RO
UF RO RO
6~ 8 RO SEM (scanning electron microscope)
EDS (energy dispersive X-ray spectrometer) 7 8
UF Al Ba
UF RO SEM

UF
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2 BAC  BioNet
BAC " BioNet §
(92.08.06 ) [(92.08.21 )1(92.08.21 )[(92.09.01 )
pH 7.7 7.4 7.8 7.6
Zeta Potential (mV) -15.4 -15.1 -14.6 -11.8
SDI;s 6.03 6.04 6.02 5.92
93 94 89 80
(uS/cm) 3890 3410 3420 3810
(NTU) 2.41 3.14 3.09 1.78
(mg/L as CaCOs) 148 130 130 104
(mg/L as CaCOs) 258 212 210 309
COD (mg/L) 52 69 26 30
BAC = - BAC
BioNet = — BioNet
1 Beo
o°
09 D
08
£ 0.7 "%
5 07 r
E 0.6 I %8383
8 0.5 r E‘@éac_)e
204 PR ARRRRR AF]
N L
Té 0.3 o UF+RO
g 021 o RO only
Z 0.1
0
0 1 2 4 5

(BW-400FR RO

Time of filtration (hr)

, Dow Chemical, Pressure 9 bars, Initial permeate flux ( Jo) 10.5 um/s,
Avg. Recovery 40%, Crossflow velocity 10 cn/s, adjusted pH 6 )

5UF

RO
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RO (EDS)
Spect. |Element|Atomic
Type % %
ED | 29.21 | 32.50
ED | 71.80 | 68.50
ED | -1.72*% | -1.21%*
ED | -0.06* |-0.03*
ED | -0.04* |-0.02*
ED | -0.04* |-0.02*
ED | -0.29* |-0.12*
ED 1.02 0.38
ED | 0.02* | 0.01*
ED | 0.03* | 0.00%*
ED | 0.08* | 0.01*
100.00 | 100.00
.
6 RO (% 6000)
2. - RO
(EDS) (92.08.06
Elmt |Spect. | Element | Atomic
Type % %
Mg ED 1.49* 2.49%
Al ED 8.50% | 12.76%*
Si ED | 3.02* 4.36%*
Cl ED 65.78 75.16
Ca ED | -5.22*% | -5.27%
Sr ED | 16.25% | 7.51*
Ba ED | 10.18* | 3.00*
Total 100.00 | 100.00
7 RO (% 6000)

)



8
9

Matic + RO
3 BioNet
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3. - UF - RO
(EDS) (92.08.06

Elmt | Spect.| Element] Atomic
Type % %

Na ED 12.89 16.79

K ED 13.93* 10.67*

Mg ED 10.17* 12.52*

Ca ED 3.44%* 2.57*

Al ED 0.49* 0.54*

Si ED 0.96* 1.02*

Cl ED 67.23 56.78

Sr ED 8.77* 3.00*

Ba ED | -17.88% -3.90*

Total 100.00 100.00

UF RO (x 6,000)
(Matic) RO 9
(1 ) (UF + RO)
UF  Matic RO
UF RO RO
96% RO COD 85%
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(BW-400FR RO

, Dow Chemical, Pressure 9 bars, Initial permeate flux ( Jo) 10 um/s, Avg.

Recovery 40%, Crossflow velocity 10 cm/s, adjusted pH 6 )

9 UF RO
3 BioNet - UF'+RO (92.09.01 )
(BioNStO Feed UF) RO Permeate [RO Concentrate| Rejection (%)
pH 6" 5.6 6.7
SDI;;5 0.89
69 0 84 100

(uS/cm) 3830 139 4640 96.35
(mg/L as CaCO3) 291 4 396 98.63
COD (mg/L) 22 3.2 35 85.45

1. UF (LOP1010, Asahi Chemical Industry),

PAN MWCO 80k Daltons

Pressure 1.5 bars, Recovery 100%, Avg. permeate flow rate 1100 mL/min

" Adjusted pH with HCI
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10 BAC RO
UF+®atic 11 UF BioNet
il RO BAC
L) BioNet
v RO
x
2 BAC
[&]
©
o 1 %99
o 09 | 08
n O
08 i = 688000
o %
T 07 O %8300,
N 06 - %%000008800000%000
N 90000003 322 200
I ©0668883883386385 8
_ 05 I:E‘:‘':“:‘:''I‘:'EI:I:II:I:||:|:|:|:|:|:||:||:|:|
© 04 [
€ 03+ ¢*BA - RO
S 02 °©UF +atiM +O R
Z 01 oUF +8
0 |
0 1 2 3 4 5

Time foif lattir bf)

(BW-400FR RO , Dow Chemical, Pressure 9 bars, Initial permeate flux ( Jo) 10 pm/s,
Avg. Recovery 40%, Crossflow velocity 10 cm/s, adjusted pH 6 )

10 BAC RO
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01 -
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(BW-400FR RO , Dow Chemical, Pressure 9 bars, Initial permeate flux ( Jo) 10 pm/s, Avg.
Recovery 40%, Crossflow velocity 10 cm/s, adjusted pH 6 )

11 BAC BioNET RO
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4 BioNET
BioNET 3 4 HRT 0.6 0.48 hrs
1.99  2.39 kg COD/m’.day coD 35
36 mg/L COD 29 22 %
biofouling potential
4 BioNET
BioNET
CoD CoD {COD HRT
PR gy | usrem) | PP | mgy | ) | (hrs) (%3325/ (uS/cm)
92.08.11
1 | 753 | 34 | 2393 | 766 | 25 23 | 120 | 069 | 2416
92.09.22
92.09.23
2 | 761 | s6 | 2865 | 772 | 42 2 | o084 | 165 | 2839
92.10.08
92.10.09
3 | 757 s0 | 269 | 762 35 29 | 060 | 199 | 2671
92.10.23
92.10.24
4 | 745 | 48 | 2963 | 759 | 36 2 | o048 | 239 | 2913
92.11.30
5 BAC BAC
2 3 HRT 1.20 1.71 hrs
1.06  0.72 kg COD/m3.day ~ COD 2 19%
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5 BAC
BAC
COD COD |COD HRT
H H
P gy fqusrem)) P fmey| o) (ors) | CECON | usem)
92.08.11
1 | 7.53 34 2,393 | 7.69 23 29 2.77 0.33 2,417
92.09.18
92.09.19
2 | 7.40 53 3,270 | 7.57 37 22 1.20 1.06 3,310
92.09.28
92.09.29
3 | 7.57 51 2,718 | 7.72 41 19 1.71 0.72 2,696
92.11.30
3 UF 4 UF
3 4 UF
5 RO 6 RO
7 RO
5 RO EC 504 S/cm 100y
S/cm 6 7 TDS 98.5%
8 8 RO
25CMD(1.04m’/hr) 50%
RO
6 7 6

92 11 5 COD
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UF MF

UF

UF

UF TM

UF

UF
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6 RO
TDS NH;-N | NO3;-N | NO,-N [ THM CN F Cr S0, MBAS
(NTU) | (Pt.Co) | (mg/L) | (mg/L) | (mg/L) | (mg/L) | (mg/L) | (mg/L) | (mg/L) | (mg/L) | (mg/L) | (mg/L) | (mg/L) | (mg/L)
1027 0.1 5 ND 20.2 0.05 0.28 ND 0.022 ND 0.11 42 5 0.05 ND
113 0.4 5 ND 42.4 ND 0.35 ND 0.0189 ND 0.13 4.7 2.1 ND ND
2 5 400 600 0.1 10.0 0.1 0.1 0.05 0.8 250 250 0.5 0.001
% 5-20 0 0 3-7 0 2-3 0 19-22 0 13-16 1-2 0 0 0
Pb Se Cr Cd Ba Ti Ni Hg Ag Fe Mn Cu Zn C
(mg/L) | (mg/L) | (mg/L) | (mg/L) | (mg/L) | (mg/L) | (mg/L) | (mg/L) | (mg/L) | (mg/L) | (mg/L) | (mgL) (mg/L) 100
1027 ND ND 0.0006 ND 0.0024 ND 0.0006 ND ND 0.0066 ND 0.0008 0.0046 2.0
113 ND 0.001 ND ND 0.00076 ND 0.00042 ND ND 0.0057 | 0.00052 | 0.0012 | 0.0070
0.05 0.01 0.05 0.005 2 0.01 0.1 0.002 0.05 0.3 0.05 1.0 5.0 ¢
% 0 0 0-1 0 0 0 0-1 0 0 2 0 0 0
7
BioNET RO
92 .
) COD COD COD BOD SS Cu Ni Fe Zn Cr pH
10/08 39.3 27 113 - 11 0.716 0.635 0.189 0.205 ND 7.38
10/13 29.5 88.9 17.6 13 0.777 0.415 0.189 0.17 ND 7.50
10/20 77 41 85 13 8 0.4867 0.5394 0.1677 ND - 7.6
10/23 65 37 69 10.4 13 0.5330 0.5528 1.8181 0.1156 - 7.0
10/28 94 37 84 17.4 10 0.707 0.512 0.023 0.110 - 7.2
10/30 84 218* 40.0 23 0.565 0.655 0.185 0.126 - 6.1
11/03 70 39 139* - 18 0.573 0.446 0.194 0.138 - 7.2
11/05 55 41 74 - 13 0.526 0.390 0.161 0.105 - 5.5
11/10 44 64 13 6 0.834 0.612 0.059 0.155 - 7.0
11/18 54.9 79.4 10 10 0.5 0.1 0.3 0.2 - 6.9
11/20 54.6 35 84.3 12.3 14 0.694 0.571 0.256 0.257 - 7.0
11/24 24.7 83.5 - 15 ND 0.15 0.15 0.4 - 7.9
100 100 100 50 30 3.0 0.5 10 5 2.0 6 9

COD
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)
5,000CMD
10,000CMD
5,000CMD 15,000CMD
8
5,000CMD  1,000CMD
NT$20.8 $17.9 / 5,000CMD
15,000CMD NT$18.2 /
8
5,000 CMD 10,000 CMD 15,000 CMD
187,456 316,090 469,804
38,091 65,164 99,633
17,097 28,828 43,953
1 14,996 25,287 37,584
2 1,655 2,790 4,147
3 220 372 1,657
4 225 379 564
20,995 36,336 55,681
/) 20.8 17.9 18.2
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BOT BTO ROT OT BOO

BOT BTO
BTO
BOT ( 9)  BTO
5,000 CMD
100%
( 9) 10,000 CMD 15,000 CMD

100%
( BTO )

( )

9
| 5,000 CMD | 10,000 CMD | 15,000 CMD
BOT
| 3% | 6% | 15%
BTO
92% 107% 106%
2.4% 11.4% 10.8%
~14,593 21,356 25,749
5,000 CMD
19 10%
( 10) 10,000 15,000 CMD
10%

16
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NT$20 /
RO

11
13
16
18
20

10 ( 5,000 CMD)
(14,593)|  15% 10% 5% 0% -5% -10% -15%
-2 (69,856)  (60,529) (51,203) (41,936) (32,974) (24,285) (15,728)
+0 (40,894)  (31,866) (23,108) [ (14,593) | (6,457) 1,545 9,546
+3 (757) 7245 15247 23248 31,250 39,252 47,253
+5 24381 32383 40,385 48,387 56,388 64,390 72,392
+7 49520 57,521 65523 73,525 81,526 89,528 97,530
(14,593) 4% 5% % 8% 9% 10%
5% (9.246)  (11,235) (15,090) (16,961) (18,798) (20,603)
10% (12,830) [ (14,593) | (18,042) (19,731) (21,398) (23,044)
15% (16,414)  (17.951) (20,995) (22,501) (23,998) (25,485)
20% (19,998)  (21,309) (23,947) (25271) (26,598) (27,926)
26.17 CMD
1/5)
50%
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(2003). “ “
92 9
(2003). *
” 92 12
(2003). *
” 92 8
(2002). * ”
MOEA/WRB-910057
ITRI-06-3-91-0498 91 12 276pp
(2001). * IC "
23 9 9 15 pp35-40

(2001). “ BioNET "
1 130-140
(2001).
" 2001
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8. (2001). “ IC "
22 90 6 15 pp32-37
9. (2000). “
” 89 10
pp4-5
10. (2000). “
ITRI-06-3-89-W016 89 12 120pp

11. (1999). © "

88 6
12. (1999). “ NF
887-892 . 6-023 1999 11
13. (1999). ( )s

1999 8

14.Asano, T., and Mujeriego, R. (1988). “Pretreatment for wastewater reclamation
and reuse”, In “Pretreatment in Chemical Water and Wastewater Treatment”,
Springer-Verlag.

15.Asano, T. (1998). “ Wastewater reclamation and reuse” , Water Quality
Management Library Volume 10, ISBN 1-56676-620-6, Technomic Publishing Co.
Inc., Penn., USA.

16.Metcalf  Eddy (1991). “ Wastewater Engineering, Treatment Disposal Reuse” ,
McGraw-Hill, 1991.

17.Rautenbach, R., and Linn, T. (1996). “ High pressure reverse osmosis and

nanofiltration, a “ zero discharge” combination for the treatment of waste water
with sever fouling/scaling potentail,” Desalination, Vol. 105 63.

18.Rowe, D. R. and Abdel-Magid, I. M. (1995). “Handbook of wastewater
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reclamation and reuse”, ISBN 0-87371-671-X, Lewis Publisher.
19.U.S. EPA (1992). “Guidelines for water reuse: Manual”, U.S. EPA and U.S.
Agency for Int. Development, EPA/625/R-92/004, Cincinnati, OH., USA.
20.Washington State Department of Ecology (1997). “Water reclamation and reuse

standards”, September 1997, Publication #93-23.
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(nonthermal plasma, NTP)
1960

1980

1980

M - M"+e)

(ionization)
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89
1
1 ( ,2001)
Te= Tg=
1.0E+28
1.0E+22
t
1.0E+16 [
1.0E+10
1.0E+04
1.0E+02 1.0E+04 1.0E+06 1.0E+08 1.0E+10
K
1 ( ,2003)
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10,000

(1,000~2,000

5 eV

)

2,000~3,000

( 2)
(nonequilibrium plasma)
1~5 (eV) 1ev 10,000
50,000 1,000

/
[Nonthermal Plasmas, NTP Thermal Plasmas

A 4

f

(NOx  SOx)
(VOCs)

(GWG)

2 ( ,2003)



3.1
(1) (2)
plasma, rf) (microwave plasma)
ICP) 10 torr
13.56 MHz

discharge, DBD) (corona discharge, CD)

Hz Hz

(PFCs)

3.2
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(radio frequency

(inductively coupled plasma,
( 1 =760 torr)
26.5 GHz

(dielectric barrier

(electron beam, EB)

60

(VOCs)
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( )
(energetic electron)
( 340 m/sec 10° m/sec
m/sec)
(excitation) (dissociation) (ionization)
(metastable) (atom) (radical) (ion)
)

3x108
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(1) (2) (3) (4)
4.1 (electron beam, EB)
1960

4 (e-beam gun)

(scanner coil)

( ) ¢ )

(eV) 10 eV
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X-ray

5
75
(1 MRad=10 Jg)
( o) OH ) SO, NO H,SO,
HNO; NH; H,SO, HNO;
(NH4)2804 NH;4NO3 10~30 mm
( )
D HERHARG
¥
3 | . [k B
i, B &%
¥ e L
SRS A
i i—= L]
45 T Y.
(14 4 B
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4.2 (dielectric barrier discharge, DBD)
1850 Siemens
(ozone, Oy)
150
1988

(Ponder et al., 1993)

(University of Illinois at Urbana-Champaign) Rood DBD
DBD NOx
SO,(Chang et al., 1992a; b) 90%
SOx  NOx 95% 32% de-NOx
(NOx  SO,) (VOCs)
(GHGsS) (ODGs) (odor gases)
(silent discharge) (streamer discharge)
6
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, 2003)

(

e ———
wougeletelslel
pesatesatesa
T e, M O O T

, 2003)

(

(alternating current, AC)

(breakdown)

(insulation)
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(microdischarge)

4.3

( 8)
( 10° )
1,000 ppm =0.1%
( pp
( 10°~102 )
ESENERE SBESR l\
p 2 BmhE "
L:.; > 3%;;}: = 23 ; &
% g PB T = {f
W Bl D5 E

WE

3 35

=
=2

i)

>
&
b
-

8 ( , 2002)

(corona discharge, CD)
(ESP)



180 -

.
| N
\
v U
. v S A°T
9 ( , 2002)
(arc)
(
)
4.4 (pulsed power plasma, PPP)
(50
or 60 Hz) Hz
( 10)

AC
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=

S
—

10

11

(

(

, 2003)

CH, and/or H,0(g) - H»)
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i

NO — NO,
HC - RCHRC

11

(NOX = NO + NO,)
(NO) NO
NO

NO NO,

NO,+ HC~N, CO, H,0(q

NO,

HNOXx

(

(NOx

95%

OH

, 2002)

SOx)

NO,



SOx) (2) (VOCs)

5.1

(9
60~80%  90~95%

SNCR 70~90%  50~70%
(FGD)
<50% 65~90%  >95% (90~95%)
12 (SCR+FGD)
) 500
4
12 7

40%
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(1) (NOx
SCR
(60~80%)
FGD
(
4 7
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1 NOXx/SOx
500 MW
4

NO ppm 300 200 230 300

NO, % 60 70 80 80
SO, ppm 1000 800 1000 3050

SO, % 90 95 95 90

** g-NO/kWh 20 374 56 -
Nm%h 600 12 20,000 1.9x10°

* Data obtained from 1. (Dinelli et al, 1990), 2. (Chang et al., 1998), 3.(Ebara Co., 1998), 4. (EPRI, 1983;
** Note: All electric power is assumed to contribute to the removal of NO,.

JMIA-EEI,1991).

1500

1200 |~
900 £
600 |

300 %

om0O0d

12

500 MW

43S+
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VOCs

13

1000000
100000
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100

10
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VOCs

VOCs

95%

13VOCs

100

Py Sppp—— ]

1000

10000 100000 1000000
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2
VOCs (Ipm)
or
( ) (Ppm) © (%)
0-Xylene (200) 99
Trichloroethylene (200) 1lpm Air and H,O 99
(vamamoto, 1996) | iy ed.xylene/TCE (200) 99
(Lin and Bai, 2001) Toluene 7.65 sec Air 98.4
(Lee and Chang, CH4;CHO 1dpm Air, N,/O, CO,, CO >99
2003)
CFC-113 (100-1,000) 2.6-8 sec NP
(Odaet dl., 1992) CFC-22 (100) 70 sec Air COCl, COF,0 o8
Xylene Air 90
Benzene 1-41pm N, CO,CO, 95
(Yamamoto, 1992) Toluene (300-2,000) 0, %5
CCl3F3, HCI, CCFO,
(Odaetal, 1993) CFC-113 (1,000) 19s CCl,F,, C,Cl.F,, CCIsF, | 989
C,Cl3F3
] . CHCl3, HCI, (COCl, and | _
(Odaet dl., 1993) TCE (833,331,000) 0.57-2.7s dry air CCly) 100
(Evanset dl., 1994) TCE 500 10 slpm dry or wet air 90
Methanol (400) } CO,, O3, NO, ~
(Hsiao et ., 1995) TCE (160) 201pm dyar | oo DCAC and phosgene | 100
] Toluene, E_GM, >90
(Kohno et al., 1998) | Trichoroethane, Trichoroethene|
Takahashi et al., CFC-113 1.45-4.36 sec Air 99
(
1994)
(COO]?%SI a., Cczﬁg 101pm Ar, 0, and H,0 COCl,, Cl_II-IgCIC,gCE CO,, gg
2 2%
(Evanset a., 1993)
C;Hg (200) 35pm 80
(Chang and Chang, C,HgO (124) 15 spm >80
1995) CyHg and C,HgO (126/135) -~ SP 75/45
TCD (650) 90
(Evanset al., 1994) CCl, (746) 10sipm OAIATH0 100
14
20% 30%
50% 3
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( 45 )
(COy) (H20)
P .
t |
0.0 05 10 15 20
14
3
° 70~ 90% o NO, 7
o 0% o
e NO, o
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[ ] [ ]
[ ] [ ]
[
[ ]
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(NOx  SOx)
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2.1
[2]
0.6 kg/hr 0.1 kg/hr
95 % 5
[3]
( HF HCI) 95 %
0.42 ppmv 20 ppmv
pH 7 0.1 m%hr
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0.01-0.4 ppm
<0.1 ppm
NIEA A441.11B 0.10 mg/m® 0.03-2.5 mg/m®
NIEA A408.70B 1 ppm 0.03-13 ppm
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2.2
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Water
Water inlet
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