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3.1 (PSI)
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PM;, Os
PSI 0~50 | PSI 51~100 | PSI 101
(%) ) ) PM1o Os (%)
87 | 480 | 474 | 461 | 046 | 054 5.32
88 | 46.8 | 484 | 469 | 047 | 053 4.84
89 | 453 | 507 | 410 | 057 | 043 4.47
90* | 429 | 542 | 300 | 033 | 067 3.93
91* | 427 | 544 | 276 | 022 | 078 3.29
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PSI>100| PMyo SO, O; NO, | NMHC| CO
(%) | wgm3y | (PPB) | (ppb) [ (ppb) | (PPM) | (PPM)
87 51 58.2 49 22 21.6 04 0.7
88 51 58.2 45 24.2 214 04 0.7
89 4.0 59.7 41 24.3 20.9 0.3 0.7
90 30 | 573 | 40 | 260 | 206 | 03 | 06
91 2.8 54.4 3.6 27.2 20.1 0.3 0.6
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20 .0 o 83
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— O s8s
X O ss
- 15.10 m 87
o ss
| 89
o 9o
10.10 H 91
5. U
o [indba | .
O 83 3.4 2.1 5.15.3 18. 4 0.0 0.4
H 84 3.3 0.8 3.43.7 17. 4 0.3 0.q
O 85 3.1 1.4 5.25.6 17.5 0.4 0.1
O 86 3.0 0.7 5.14.1 14.0 0.1 0.q
m 87 2.6 1.0 3.74.2 13.6 0.3 0.1
‘n 88 3.0 2.4 4.04.0 12.6 0.3 0.1
‘. 89 2.7 1. 4 3.62.7 10. 6 0.0 0.q
‘n 90 1.8 0. § 2.02.9 8.1 0.q 0.3
‘. 91 1.7 1. 1 2.63.9 7.4 0.1 0.0
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26 -UASB

DAF

pH 104 5.8 37 8.4 6.2 4.7 12.2 6.8 6.0
COD | 4,900 | 4500|1900 | 3900 |2500]| 1600 | 3,000 | 2,000 | 1,550
BOD | 2,300 | 2,100 | 1,500 - - - - - -

SS 2800 | 900 | 110 650 110 55 530 105 80
650 65 37 550 30 11 - - -

mg/L  pH

UASB

UASB UASB

3.1
UASB

UASB
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4. (DAF)

6. pH UASB pH

28

3.2.3
UASB

11

12

(FRP)



87 (July 2003) 33

sefl] one
/ﬂmmm %)
Vm-D‘:!‘IV
saparator element separxior ehement
1360 640
Overtap 105
@
7150 - 50 -
11
3.24
89 8
90 11 (
)
2,500 CMD
UASB -SBR
1.
UASB UASB
COD

UASB UASB



34 -UASB
a NaHCO;
b. ( )
C.
d. ( )
e.
f.
90 1 3 UASB pH COD 12 13 12
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a UASB
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b. pH (7.5 )
(pH 6.5) (pH 6.0)

UASB

c. ( ) UASB
( )
d. ( ) UASB 450m?
14 13( 112 150 m°)
100 m?
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(a) UASB 1

(b) UASB

(c)

(d) 1

(e) 2 UASB pH CcoD

(f)NaHCO;
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8 10 10 CMH NaHCO; 2
20kg( ) 200L

a. NaHCO; Na,COs

UASB 150 650 mg/L (as CaCOyg,
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) 500 mg/L (as CaCOs) ( COD )
3 1
COD
(9) 15~20kg - COD / m®- day
UASB 5~7kg- COD / m*- day
SS 100mg/L
SS
( )
( )
( 1
COD 350 )
UASB ( pH )
(
UASB

SS COD



40 -UASB

b. (pH<6.5) COD

C.

d pH pH
7.

UASB
160 kW
UASB
18
—> — — —
18
2001
152

2.6 1,500m%  (

245 )



87 (July 2003) 41

UASB

COD
UASB

1.Lettinga G., Hulshoof Pol L. W., Wiegant W., de Zeeuw W., Hobma S. W., Grin P.,
Roersma R., Sayed S. and van Velsen A. F. M. , Upflow Sludge Blanket Process,
Proceedings of the 3rd International Symposium on Anaerobic Digestion , Boston,
Massachusetts, USA, pp. 139-158, 1983.

2. Ghosh S. |, Canrad J. R. & Klass D. L., Anaerobic Acidogenies of Waste Water
Sludge, J. WPCF, 47, pp. 30-45, 1975.

3. - (

) pp.75 1993.09

4.Adrianus C, Van Haandel and Gatze L ettinga, Anaerobic Sewage Treatment, p.66

5.Haskoning(Royal Dutch Consulting Engineer and Archietects), Anaerobic

Treatment of Domestic Waste Water Under Tropical Conditions — Final Report,
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1989.

6. Adrianus C, Van Haandel and Gatze L ettinga, Anaerobic Sewage Treatment, p.93

7.Haskoning Euroconsult, Monitoring Report of the 5 MLD UASB Treatment
Plant at Kanpur- Technical Report, 1990.

8.Adrianus C, Van Haandel and Gatze Lettinga, Anaerobic Sewage Treatment,
pp.67-68

9. 52
pp107-122



87 (July 2003) 43

(Pickling)




44

pickling

(FRU)

95 ~ 99%
NaOH

FeCl, + 2NaOH - Fe(OH), + 2NaCl

2 Fe(OH)2 +1/20, - FeZOQ,(s)l

+ 2H,0

NaCl

(ARPU)

PH

ORP
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99%

10~30 mins

3 (FRU)
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[H HO 036%( ) ’—e H,0
Fe  30gL( ) N

HO 18% HO 17.64%
Fe 80gL Fe S0glL
STEPL STEF2
STEP 1

STEP 2
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ARPU

F9304 F8203

Fe,03(S)

NaOH Q @
PHIC NaOH
\ [ OrD ORD/
v N /
= = = v
@ @) @)
i—‘_@ ?——__@ ?—.—__@
v v Y
® ® 48
a
NI
}
3 (FRU)
STEP1 o1 &1 ®2pH
®2 @3 3 NaOH pH ORP
0, ®3 &l FeCl, Fe(OH),
P4 s Fe;04(S)
(<lp m) a -
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FeCl 2
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ARPU
FRU (NaOH)
&l 10~30

(Ruthner Spray-roasting process)

800 HCI Fe,O3 HCI
16~18% Fe,03
(Lurgi Keramchemie GMBH)
HCI
FeZO(g Fe304
Im/mo HCI
16~18%
HCI HCI
FeCl, Cl, FeCl3
HCI FeSO,
HCI
FeSO, H,0 FeSO, 7H,0
NaOH pH Fe(OH), Fe(OH)s

pH 1
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Ruthner  Spray-roasting
process (

)

N

S

16~18% Fe;0Os
800

Fe,0;

Lurgi Keramchemie GMBH

© N

16~18% Fe;Ost+ Fes04

500 ~800

F83O4 FeZOg

ok~ wdNE

FeCls

FeCl, FeCls
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()
1.
2, FeSO; 7H.0
3
4,
5. FeSO, 7H,0
6.
1.
2. Fe(OH), Fe(OH)s
3
4,
5.
6.

2hrs
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91
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(MR3)
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* %

121 650
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(Low-Temperature Thermal Treatment, LT3®) Roy F.

Weston, Inc. 1991
Technology Evaluation, SITE)
SITE
(ADC)
(SVOCs)

PAH)

(Superfund Innovative

Anderson Development Company
(VOCs)
JP4

(polynuclear aromatic hydrocarbon,
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(Low-Temperature Thermal
Desorption, LTTD)

(ex-situ remediation technology )

( )

1
1
(on-site) (off-site)
75
25 / LTTD
(
765m°) (manifesting)
(hot spot)
(air sparging)
(groundwater extraction)
( )
(TPH) 10 ppm (BTEX)
100 ppb( )

OUST(US EPA),2000
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2.1
SITE ADC LT3®
1
2.5
2.5
205 344 (
38 )
21
2.2
20% 19%(10,000 ppm)
VOCs 20%  50% 50%
2.5

260 SVOCs
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A
o »>
! e
v v
( )
*
| E Ry S ?
» |
| v
v i
v_ |
| J->
v
ORD(US EPA),1992
1
2.3
231
1. (rotary dryer) 2.
(asphalt plant aggregate dryer) 3. (thermal screws) 4.

(conveyor funrnace)
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150

/

177

650

(cocurrent)

260

( <2%)
>4%)

(countercurrent)

) 150

150 320

320

25
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175 260 1
2.
3.
6
1 205 538
2.
2.5 150 427

25 150 /
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2.3.2

760 870 95%
99%
37 60 50% 95%

55% 99%
2.3.3

LTTD
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3
() () ()
10~245 i 121~178
(IP-4) 150~260 ) 149~260
(JP-5) 210~320 150~320
226~304 i 150~320 907-1,004
237~360 320~427
3 249~371 i 320~650
4 260~438
6 371~560
ORD(US EPA),1992,1997
2.3.4
(bench-scale) (pilot
tests)
(full- scale) SITE ADC
30~90
150 540 650
370

LT3®
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3.1
SITE ADC LT3®
1. VOCs SVOCs
2.
3.
4,
5.
LT3®
3.11
VOCs
(BTEX) (Trichloroethylene, TCE)
(Tetrachloroethylene, PCE) 99% SVOCs 57 99%
PAH 62.9 99%
LT3 (1)
(2) pH (3) (4) 260  (5)
(polychlorinated dibenzo(p)dioxin, CDD) (polychlorinated

dibenzofurans, CDF)
CDD CDF
20 100%
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LT3
(THC) (CEMS)
VOCs
(TNMHC)
VOCs SVOCs TNMHC
3.1.2
LT3®
(Applicable or Relevant and Appropriate Requirement, ARAR)
(Comprehensive Environmental Response,
Compensation,and Laibility Act, CERCLA) (RCRA)
(CAA) (Occupation Safety and Health Administration, OSHA)
3.1.3
LT%®
70%
3.14

LT3®
344
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LT3®

(1)

(3)

3.2

0.7 1.5

20% 45% 75%

20%

45%

(2)

75%

373 538

12

725

LTTD
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4
( )
20% 45% 75%
121 12.7 200.0
83.3 83.3 83.3
26.9 457 457
50.0 50.0 50.0
75.0 153.0 153.0
16.7 38.3 38.3
105 32.9 32.9
39.6 46.8 46.8
0.0 0.0 0.0
VOCs 142 22.0 22.0
11.7 19.8 19.8
33.0 33.0 33.0
373.0 537.5 724.8

OSWER(US EPA),1993



66

LTTD
LTTD
LTTD
LTTD
LTTD
LTTD
LTTD
LTTD 1.
2.
4.1 LTTD
LTTD
LTTD
(kow)
LTTD LTTD LTTD

LTTD
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5 LTTD

ORD(US EPA),1992

4.1.1
LTTD
1.
plasticity index
soil's liquid limit sticky limit
2.

2.5



LTTD  p—— — o — = — »

LTTD LTTD

2 LTTD ()
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———————— - LTTD

2
(ar sparging)
?

(biosparging)

—————

LTTD

2 LTTD ()
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LTTD

2

OSWER(US EPA),1993

LTTD

(

)




87

(July 2003) 71

LTTD
5 35%
117 286 Kcal/Kg 6
0 60%
0 20% LTTD
10 25% 10% LTTD
20%
20 35% LTTD
6
% 5 15 20 25 30 35
Kcal/Kg 117 174 201 230 257 286

OSWER(US EPA),1993

(heat capacity)
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5.
(total petroleum hydrocarbons, TPH) BTEX
6.
(1) (2)
LTTD
7.
1,280
1,920 /m® 75 90%
4.1.2
TPH (1)
(2 (3)
(4) (5) (6) (7) (8)
1.
LTTD
1,120 Kcal/Kg
(LEL) 1 5%
25% TPH
1 3% LEL 3%

TPH
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TPH 0 3%
TPH 0 2%
LTTD
LTTD ( )
7
7
40~225
180~300
200~338
>275
OSWER(US EPA),1993
(Kow)
(Kow) ( )

Log Kow
Log Kow Log Kow



74

5.
6.

LTTD
7.

PCBs( )
4.1.3
LTTD

4.2 LTTD

LTTD
LTTD
4.2.1

7.5

PCBs

LTTD

LTTD



4.2.2

4.2.3

24

4.2.4
LTTD

4.2.5
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LTTD

0.2
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CalTOX(california toxic, CalTOX)

(multi-media model)

4.3 LTTD
LTTD
1 2.
1 [77m*  LTTD
8
8 LTTD
TPH
3
LTTD 77m TPH

OSWER(US EPA),1993
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VOCs SVOCs

CaTOX

1.0ffice of Underground Storage Tanks(OUST), Low-Temperature Thermal
Desorption, US EPA, pp.1~9, 2000
2.0ffice of Research and Development (ORD), Low-Temperature Thermal Treatment

Technology: Roy F. Weston, Inc Application Analysis Report, US
EPA.EPA/540/AR-92/019, pp.2~9, 1992

3.0ffice of Research and Development (ORD), Sonotech, Inc. Frequency-Tunable

Pulse Combustion System Innovative Technology Evaluation Report, US
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EPA.EPA/540/R-95/502, pp.25~32, 1997
4.0ffice of Solid Waste and Emergency Response (OSWER), Innovative Site

Remediation Technology:Thermal Desorption,Volume 6, US EPA. EPA
542-B-93-011, pp. -1~ -27,1993
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(GDP)
GNP
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(Co2

/




22

2002

1997
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2.1

1m— TREND IN BUILDING SMALL THINGS
Don Eigler (1999) in Nanotechnology (Springer)
1 mm—
( i
) -
Top down
1 pum =
I NANO
i LAND
Bottom up
L 1 1 1 1 1 1—I—I
1940 1960 1980 2000 2020

1 Top-down ( ) vs Bottom-up ( )
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1)

1

W Fe Ni Au Ag Pb
Bulk () 3380 1536 1453 1063 960.8 327

Nanopowder (1)
(50 nm , )

1100 |300-400| 200 | 900 (2nm,327 ) |60-80| (20nm,15 )

x AlLO, SiN TiO,

1700-1800 1800 1000
1150-1400 | 1400-1500 400-600

NEC carbon nanohorn

( 2nm)
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0
e |
S\\§\ (Roll Regjc;. \
5 N — Sistance)—
-10 \\ Ir Re_siega” *e)
—~ -15 \\ I~
% ® Cq
— 20 ™ e %\
7;.\ ) \
<$’/}7\
-25
Z\
/@/7
-30 E7AAN
-35
0 5 10 15 20 25 30 35 40 45
(%) )
N

(nanojets)

Daimler Chrysler
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. (gears) (bearing) (cylinder)

v

*Nanojets (Fuel injection)
*

(friction)
(wear)

. (PEM)
. (Electrode)
*Nanostructured supercapacitor
*
*Nano porous filters
*Nano coatings on moving parts

* & o o

Microfiber Nanofiber

Strength GPa | Density Kgm'3

1-3 7900
150 1300
50~100 (stiffer) |

:
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( 4
40
PPG Industries SunClean Glass
TiO,
)

60

pilkington

5)

( )
" Activ Glass”
( 100nm)
) (



2.2

(L. James Lee)

CO,

TiO;

6)
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Cr, Ni
Ohio State Univ.
CO,
CFCs/HCFCs
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’ 1997, Napier Univ.
* TiOz (Anatase, 20nm, 250nm)

* TiO2 (Rutile, 12nm, 230nm)
* Al203(20nm, 500nm)
« Carbon Black (20nm, 250nm)

I 1997, Catholic Univ. of Louvain,

MnO2Dust (0.16, 0.5, 17 and 62m2/g)
Cytotoxic activity  total surfacearea
freshness

'2002, Montpellier s

*CNT

> NO
g m
2 NO

2001, Univ. Rochester,
« Hydrophobic TiOz/silane
Hydrophilic
— Singlet ultrafine particles (Teflon fume)
->extremely toxic
->Aging for 3~4 = 10 Omp okso f
toicity
— Singlet ultrafine particles (C, Pt)

->no effect .
— Ultrafine particle effect ozone 2002, Rice A
( CNT)

-

1999 " (Foresight
Guideline)”
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2.3

SARS

(' 50nm) ° 2002 2

. 10~15% 100 pm

SARS

89
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Nanoscale Ink Jet Ink

2002.12

(50 Liter)

( 2.3°C/  1.8°C)
. 2002.11 @

CO;

2)
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1. Roco Mihail, Plenary Lecture at “Nano tech 2003 + Future International Congress

and Exhibition on Nanotechnology”, Feb. 26, 2003

Oct. 31, 2002
3. Ulf Konig, DaimlerChrysler, Speech at :NanoMeter China 2002” Sep. 3~5, 2002,
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(

)

()

2.1S0O 14062 3.

ISO 14062 TR

()

()
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(Environmental-friendly)

1990

2002 SO 14062

2.1
(Design for Environment, DfE)

1992



94

1993

Joseph Fiksel

Eco-Design

DfE

(eco-efficiency)

(Fiksel, 1997)
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(Designfor Sugtainablility) (Dedgnfor Hedth & SHfety)
[ i
[ I I I
(Desgnfor (Desgnfor .
Environmenta Resource O(’?’?I gcrgosrk (Desgnfor
Protection) Conservation) Redudi Accident
ion) Prevertion)

1 (DFE)
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1992
1998 2002 (WEEE)
(RoHS)
(1SO) 2002
(Technical Report, TR) 1SO 14062 -- Guidelines to Integrating

Environmental Aspects into Product Development

2.2

USEPA (DfE Partnership Projects)
(Integrated Product Policy)

2.2.1USEPA  DfE
DfE

USEPA DfE
DfE

DfE
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DfE
DfE DfE 10
12
1 (Pollution Prevention Act, PPA, 1990)
2 (Toxic Substances Control Act, TSCA, 1976)
2.2.2
1992 (The Fifth Environment Action
Programme) (Integrated Product Policy,
IPP) IPP
IPP
/
IPP
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2.
IPP
IPP
GDP 12%
3.
( 1994 2002 WEEE
RoHS )
IPP
IPP

1. (Directive 94/62/EC, Packaging and Pckaging Wste
1994)
2. (Directive 2000/53/EC, End-of-life Vehicles, "the ELV
Directive") 2006 1 1

85% 80% 2015 95% 85%
3. (Directive 2002/95/EC, Restriction of the Use

of Certain Hazardous Substance in Electrical and Electronic Equipment,

ROHS) RoHS
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4, (Directive 2002/96/EC, Waste Electronics and Electrical
Equipment, WEEE) WEEE
2.2.3
1991
2000
Total Recycle
Zero Waste
1.
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80% 20%
60%
3.
2001
6

2.31S0
2.3.11S0 14062

ISO 2002 2 ISO

14062  Guidelines to Integrating Environmental Aspects into Product Development

1SO 14062

SO 14062

2.3.21S0 14062
1SO 14062
/
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1.
2
SO 14062
3
ISO 14062
SO 14001
(Product Oriented Environmental Management, POEM) 1SO
2000 1SO 9001
2002 (1SO
19011)
4, /
(eco-efficiency)
2.33 | SO 14062
SO 14001 (¢0)]
(2) SO 14062
SO 14001

2004
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ISO 14062
SO 14062
(take back)
SO 14062
3.1
311
1970 1977
2002
29 400
2001
2002 26.5

10

1992
1,500

2003
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3.1.2
1998 96
10%
2001 (2000 )
2002
50% 2002 26.5
65.6%
2003
50
GDP 9 25%( OECD )
3.1.3
1980
1996
1SO 14001
1SO 14001

2002
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3.2

3.2.1



e

DfE
DfE
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/
1SO 9001
1SO 14001
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3.3.2

14020
3.2.3

TRIZ

3.3

ISO 9001

1SO14062

MET

ISO 14001

1990

LCA

ISO
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WTO

SO 2002 ISO 14062
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4.1

ELV

RoHS

WEEE

DfE
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1
( ) ( )
/
/
EMS POEMS! !
( )
/

/ /

1LEMS (Environmental Management Systems);

2.POEMS (Product-oriented environmental

Management Systems)

3.
4.1.1
1.
2.
3. /
4.1.2
1.
2.
3. /
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4.1.3

4.2

(1)
(2)
(3)
(4)

(1)

(2)

(3)

1)

)
()

EMS

DfE
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(greening)
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(know-how)
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2
(QFDE)
Quality Function Deployment for Environment
(TRIZ)

Teoriya |zobretatel skikh Zadatch
Theory of Inventive Problem Solving (TIPS)

" MET
" Eco-Design Tool V1.00 ( )

(LCA

)

" Gabi ( )
© SimaPro ( )
: DolTPRO V1.2 ( )

(EDGE)
Environmental Design Guide for Engineers
http://mepas.pnl.gov:2080/earth/edgemain.html
(SAGE)
Solvent Alternative Guide
http://clean.rti.org/
(GCES)
Green Chemistry Expert System
http://www.epa.gov/greenchemistry/tool s.html




4.4
1992

(sustainable consumption)

(sustainable production)

87
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(sustainable development)

GDP

25%

OECD

2002
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10.
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1. European Commission IPP website: “http://europa.eu.int/comm/environment/ipp/home.htm” |
2003.

2. European Commission, Final Report--Workshop on Integrated Product Policy,
December 1998.

3. Ferdinand Quella, Integrating Environmental Aspects into Product Design and
Development The New ISO TR 14062 — Part 1: Executive Summary, Gate to EHS:;

Life Cycle Management — Design for Environment, February 2003.
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4. Ferdinand Quella and Wulf-Peter Schmidt, Integrating Environmental Aspects into
Product Design and Development The New 1SO TR 14062 — Part 2. Contents and
Practical Solutions, Gate to EHS: Life Cycle Management — Design for
Environment, March 2003.

5. Joseph Fiksel, “Design for Environment : Creating eco-efficient products and
processes’, ISBN 0-07-020972-3, 1997.

6. Keijiro Masui, Environmentally Conscious Design Support Tool in Early Stage of
Product Development -Quality Function Deployment(QFD) for environment: QFDE,
ECP Newsletter No.20, JEMAI, 2001.

7. Kun-Mo Lee, Environmental Management: Integrating environmental aspects into
product design and development, ISO Bulletin, International Organization for
Standardization (1SO), September 2002.

8.Pacific Northwest National Laboratory website: “http://mepas.pnl.gov: 2080/earth/edgemain.html
2003.

9. Research Triangle Institute website: “http://clean.rti.org/”, 2003.

10. U.S. EPA, Cleaner Technologies Substitutes Assessment (CTSA): A
Methodology and Resource Guide, EPA744-R-95-002, December 1996.

11. U.S. EPA, Design for the Environment Program Fact Sheet, EPA 744-F-00-019,
Washington, DC, August 2002.

12. U.S. EPA DfE website: “http://www.epa.gov/opptintr/dfe/” , 2003.

13.U.S. EPA, Environmental Management Systems Case Study #1:Using an
Integrated Environmental Management System (IEMS) to Manage Environmental
Concerns, EPA 744-F-01-002, April 2001.

14. U.S. EPA Green Chemistry website: “http://www.epa.gov/greenchemistry/tools.html”
2003.

15. U.S. EPA, Status Report on the Use of Environmental Labels Worldwide, EPA
742-R-9-93-001, Washington, DC, 1993.

16. UNCTAD, United Nations Guidelines for Consumer Protection, 1999.
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17. United Nations Department of Economic and Social Affairs (DESA), Consumer

Protection and Sustainable Consumption: New Guidelines for the Global Consumer,

January 1998.

18. 21-32
92 (2003)
19. Ernst Ulrich von Weizsacker, Amory B. Lovins L. Hunter Lovins
89 (2000)
20.
53-62 91 (2002)

21, §

http://www.greenel ectronics.org.tw/” 92 (2003)
22. 1SO 9000 --

2003 92
(2003)
23. GDN
92  (2003)
24, GDN
92 (2003)
25. GDN
92 (2003)

26. 1SO 14062 TR e 56 92

(2003)
27. (IPP) e 55

92  (2003)

28. " http://greenmark.epa.gov.tw/main4.asp” 92

(2003)
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(Graph Theory)

3

(1)
LCA

2

* %
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(Green Design) (Design for Environment, DfE)
(Hewlett Packard)(Rice, 1993)
71 (Dow Chemical) (General Motors)
(Xerox)
(Reverse Logistics process)
(USEPA, 1973)
(Life Cycle Design, LCD)
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1 ( 90)

(Alting, 1993, Bancroft, 1988, Beasley and Martin, 1933, Beiter et. al, 1991,
Boothroyd and Alting, 1992) (Green Life
Cycle Checklists) (Life Cycle Inventory, LCI)

(Design for Disassembly and Design for Recycling,

DID & R)

LCI

(Graph Theory) ( )



* o ¢ o

* o

(1)
(3)
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(2)
LCA(Life Cycle Analysis)

00

* o o

3

N

* 6 6 6 o o
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2.1
2.11

2.1.2

2.1.3

2.1.4

2.1.5

2.2

Vi

(Bill of Material

G = (V.E)

vj

(

BOM)

PP PU EVA Nylon

)
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3

4

2
5
) (Depth Search)
(Kuo,2000)
2.3
(1) (2) (3) (4) (5)

2.3.1

2.3.2
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level 0 level 1 level 2

Parent Vertex
Sub- Child Vertex

Assembly Component c1 ‘
| ID
Component ‘
Name | M Information
Material .
- Type Plastic ‘
Assembly Recycling High Grade ‘
1 Method | Recycling
Disposal
Cost | $5 ‘
Disassembly
‘ Cost | Fl ‘
Remanufac-
tring Cost | $3 ‘
Sub- ‘ Salvage $2
Sub- Assembly Benefit | ‘
Assembly v ‘ Weight T000 g
n Volume | 100 cnm?® ‘
Sub- ‘ Number of 2
Assembly Child | ‘
i + - +
v | chid 145 13,14 R W M
Component | ‘
Sub ‘ Precedence c2c3 c2 2|
. t |
Assembly Componen -y +z 4 ‘
\Y| P P
‘ C3 Cc3 C3 ‘
- - - - _ _ ==
EdgelD | E1 -
Name | Edgel ‘
Number of | 3 ) ‘
Fastener | ‘

‘ Edge IsaTs(s;zlmwy: gflrve::
Efcﬂnatiloni isaTsﬁeemblyl 45 sec ‘
‘ Fastener ‘
‘ Information |

2.3.3
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2.3.4
( )
( ) LCA
2.35
+X  tY +Z
2 2 ( )
2.3.6
1.
40% 40%
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PP

Polyol

LCA
76

32.2%
8%

PU

PU

B/Ax100%=93%

POM

PU

93%

LCA

38

PU

Polyol

26.4%

LCA

38%

25

73.6%
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1 2001 )

1 A 2001
FOREFOOT PP 190 / v v Polypropylene
CUFF PU 236 / Y Y Y PU
RECEIVER Fe:90% 27 / Y v v Billet Production

POM:10% 3 / % v
STRAP Fe:90% 59.4 / v v %

POM:10% 6.6 / Y %

Fe 174.1 / v v

Nylon+ Nylon  66/glass
CRADLE 504 / v v fibre composite
INSOLE PAD EVA 40 / Y EVA foaming
CHASSIS Al 358 / \% \% \%
PU WHELL PU 704 / \% v Y PU
BEARING Fe 184 / \% \ v Billet Production
BEARING
SPACER Al 16 / vV % v
BRAKE Nylon 66 fibre
SUPPORT Nylon 47 / \ v v

Thermoplastic
BRAKE PAD 88 / Rubber(TPE) -
\ v ROC
-A 2637.1 1995.5 1581.6 849.5 358 600 761 405
75.7% 60.0% 32.2% 13.6%)| 22.8% 28.9%| 15.4%
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A
(kg) ()
PP 0.19 8 Polypropylene
PU 0.94 38 PU
FE 0.2704 11 Billet Production
NYLON+ 0.504 21 Nylon 66/glgssf|bre
composite
EVA 0.04 2 EVA foaming
AL 0.374 15
NYLON-66 0.047 2 Nylon 66 fibre
Thermoplastic Rubber(TPE)
TPE 0.088 4 “ROC
LCA 2,453.4
-B
B/A*100% 93%
PU
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(PU)
PE PVC
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3.1

@ 6 ®
3.1.1

(5)

(1)
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3.1.2

8 9 10 11
12 13 ( 6 7)

L3 L,x2+1,x1 Lx8 L, xd+Ix
O— D © 0
R ]
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3.1.3

8 9 10

11

11

13

12

12
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3.14

llﬂ .I:.3¢2+I.Hl E" Lx% Lm:,;.j

=, 4R,
LE —_—i ]Hr3+]R3
. Ly o= ¥, + LR,
Links == L4 == W, 5L,

m— AR
LEq]R‘:le'tlEJ
== 10+ 10 + 15

3.2
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10

A B
A B
NO YES
6 4
BUCKLE X 1+ BUCKLEX 3
31 17
A 31
B
B 7
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7 B DfD R
Product A 3 31 4 2
Product B 2 17 4 1
3
2
2
1 7’
/ > d
> OPodtucA
HPo dugB

10
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3.3

" & ® ¥ 1B © ~ © o
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8 A
CML Criteriaindices Ecoindicator 95 Charact. Ecoindicator 95 Val. Criteria
Criteriaindices indices

green house effect 2.31E+01|kgC0O2 2.31E+01]kgCO2 4.40E-03|minipoint

eutrophication 2.90E-02|kg(PO4) 3- 2.79E-02|kg(PO4) 3- 3.66E-03|minipoint

0zone depletion kgCFC-11 2.39E-05/kgCFC-11 2.59E-03|minipoint

acid precipitation 3.07E-01|kgS0O2 2.99E-01|kgS0O2 2.65E-02|minipoint

Eco-toxicity aquatic ECA 2.83E+02|mg Cr

Eco-toxicity terrest. ECT

human toxicity 3.09E-01|g

non-bio resource depletion

heavy metals 2.27E-06|kgPb 5.53E-04|minipoint

carcinogens 1.62E-07|kgPAH 1.49E-04|minipoint

winter smog 2.50E-01|kgS0O2 1.38E-02|minipoint

summer smog 1.20E-03|PCOP-kgC2H4 7.26E-04|minipoint

Pesticide

Energy 4.73E+02|MJ 4.73E+02|MJ 4.73E+02|minipoint

solid waste 2.01E+03|kg 2.01E+03|kg 2.01E+03|minipoint

Water 4.48E+02|kg 4.48E+02|kg 4.48E+02|minipoint
2.93E+03|minipoint

CML Centre of Environmental Science
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1. -
Vol. 29, No. 10, 90
2.
40-43 86

4. 1999.

5.Alting, L., “Life Cycle Design of Products: A New Opportunity for Manufacturing
Enterprise,” Concurrent engineering (A. Kusiak ed.), John Wiley & Sons Inc., 1993

6.Bancroft, C. E., General Product Design, Tools and Manufacturing Engineers
Handbook: Design for Manufacturability (R. Bakerjian ed.), vol. 6, 1988,
p.10-1-10-76.

7.Beasley, D. and Martin, R., “Disassembly Sequences for Object Built from Unit
Cubes, Computer-Aided Design, vol. 25, no. 12, Dec., 1993, p. 751-761.

8.Beiter, K., Ishii, K., and Hornberger, L., “Design for Injection Molding:
Geometry-Based Indices for Plastic Part Quality, Proc. of the ASME Design Theory
and Methodology Conference, Miami, FL, 1991, p. 111-118.

9.Boothroyd, G. and Alting, L., “Design for Assembly and Disassembly,” Keynote
Paper, Annals of the CIRP, 41-2, 1992, pp. 625-636.

10.F. Rice, Who Scores Best on the Environment?, Fortune, July 26, 1993, pp. 59-60.

11.Handfield, B. R., Nichols, E. L., Jr., Introduction to Supply Chain Management,

( ) 90

12.John G., Hellen L., Chris R., A Guide to EcoReDesign — Improving the

Environmental Performance of Manufactured products, Center for Design at RMIT,

1997.
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13.Miller, G. T., Jr., Environmental Science: Working with the Earth, 6th ed.,
12-13 2000.

14.T. C. Kuo, H. C. Zhang, and S. H. Huang, “ A Graph-Based Disassembly
Planning for End-of-Life Electromechanical Products, International Journal of
Production Research, Vol. 38, n5, March, 2000, pp. 993-1007.

15.U. S. Environmental Protection Agency, Report to Congress on Resource Recover,

April. See also Phoenix Quarterly, Institute of Scrap and Iron, Fall 1980, p. 10.
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13.Miller, G. T., Jr., Environmental Science: Working with the Earth, 6th ed.,
12-13 2000.

14.T. C. Kuo, H. C. Zhang, and S. H. Huang, “ A Graph-Based Disassembly
Planning for End-of-Life Electromechanical Products, International Journal of
Production Research, Vol. 38, n5, March, 2000, pp. 993-1007.

15.U. S. Environmental Protection Agency, Report to Congress on Resource Recover,

April. See also Phoenix Quarterly, Institute of Scrap and Iron, Fall 1980, p. 10.
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(Asian Productivity Organization, APO)

(Green Productivity, GP)
APO
1982
(1990 ) (1993 ) (1994 ) ISO
1400001995 ) (1996 ) (1998 )

* %
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(BIT)
EIT
EIT
(
) EIT
GP EIT
EIT
1.1
(Asian Productivity Organization, APO)
(Green Productivity, GP)
APO
1982
(1990 ) (1993 ) (1994 ) ISO
14000(1995 ) (1996 ) (1998 )
(EIT)
EIT

EIT (
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EIT GP EIT
EIT
1.2
APO 1994
15 1

121
GP

GP GP GP
GP GP

GP

GP

1.2.2

(1) (eco-map) (
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. GP

v
GP

. GP

. GP

. GP
)

GP

. GP
v
)

GP
. GP




(2)

©)

(benchmark)

(material balance)

1.2.3GP

1)
(2)
3
(4)
(5)

(1)
(2)

GP

GP

GP

GP
(Time)

GP

(Technical feasibility)

(Risk)
(Cost)
(Benefits)
GP
GP

GP

GP

GP

GP
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GP

GP GP
GP

GP

GP
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3
(4)

GP
GP
GP
GP
1.2.4 GP
1 GP
2.
1.2.5
1.
GP
2.
GP

GP

GP

GP

GP

GP



1.26 GP

GP
GP

2.1
211

3.8
77,474,859pcs (
70

2.1.2

86

( EIT) 69
6002.64
752 STN

76

EIT
2001
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EIT
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1
() <35 276 30.6
pH 6~9 7.2 7.8
(mg/L) 100 57.1 49
(mg/L) 30 14.0 3.0
(mg/L) 10.0 0.96 N.D
(mg/L) 05 - N.D

EIT
2002

/

0.04T /

127/

3.31T/

4.0T/

255T/

05T/

0.01T/

10T/

0.075T/

0.075T/

6T/

~— |~ |~ |~

0.02T/
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3
1997 1998 1999 2000 2001 (2002 ) 2001
(KL) | 6,969 | 7,853 | 8,818 | 8,733 7,973 7,119 10.71%
(T) 523,452 | 650,422 | 761,092 | 693,396 | 588,925 | 527,193 10.48%
EIT
(office Equipment) (
1 ) ) (
(
)
4
2003 ( /
4
/
( NT) 01/04 | 02/07 | OL/08 | 01/10 | 02/01 | 02/03 | 02/10
1 11 12 12 14 15 15 18 18
2 11 11 13 14 14 15 18 18
3 (%) 80 80 80 80 80 80 80 80
4 (%) 100 | 91.7 | 1083 | 100 | 93.3 | 100 | 100 | 100
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213 |
EIT 1SO 9001
(1996 6 ) TMP (2000 11 TPM Part |
2002 11 TPM Part 11 ) 1SO 14001(1998 12
) QS 9000 (2001 2 ) (2001 ) OHSAS 18001
(2003 6 ) EIT
2002
( )
2EIT
EIT
|
| 1 1 1 1 1 1 1 1 1 1 1 1

Recycle

2 EIT




2.2
2.2.1
STN LCD

(polyimide)

SPACERS

LCD

LCD

ITO

SPACERS
SPACERS
SPACERS

LCD
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ITO

ITO

LCD

1mm 60-180
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— O

—>

LCD LCD
(UV)
LCD LCD
PIN LCD
LCD
LCD
Gl _"_i_’ ® ) F )
*
®— { .
(RUB) @ ) (TACK) (SEALING
P
@—
(1sB) (LCR) E9 (Vi)
e 1 H
(Em)

3 STNLCD

LCD



2.2.2

86

(Apr. 2003) 155

3
3-5
5CD

KOH( ) KOH

THINNER THINNER
LGL LGL LGL

KBM 603( ) KBM603
SE-3210 PI-3000 SE-3210 PI-3000
DPG DGME BTE DPG DGME BTE
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13.Jun-Ming Chen, ------ ,JA Study on Inverse Design of Eco-Product and the
Eco-Manufacturing—Using the Eco-Efficiency Indicators”, Going Green- CARE
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1. Directive 2000/53/EC of the European Parliament and of the Council on
end-of-life vehicles, Official Journal of the European Communities, September,
2000.

2. 2003 Restricted Substance Management Standard (RSMS) Reporting Update, Ford
Motor Company, January, 2003

3. Hexavalent Chromium Elimination, Ford Motor Company, January, 2003
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