Industrial Ecology IE

©) @)
Robert Frosch Operational of Sustainable
Development
1970 MITI —3 Industrial
Structure Council IE
1970 Erkman 1997 Nobel 1998
Allenby 1999 IE IE 1989 9
Robert Frosch Gallapoulos ientific American
“ Strategy for Manufacturing’ Industrial Metabolism
IE IE
IE Ayres Simonis 1994
Industrial  etabolism: Restructuring for Sustainable
Devel opment Graedel Allenby 1995 Industrial Ecology

IE (Journal of Industrial Ecology)



(Journal of Cleaner Production) IE

U.S. National
Science Foundation 1998 4 Linking |E to
Public Policy
IE Chertow  Esty (1997)
(Thinking Ecologically: The Next Generation of Environmental Policy)
Allenby (1999) (Industrial Ecology: Policy Framework and

| mplementation)

2000 (Analogy)
D Roundput  (2) Diversity (3) Locdity (4) Gradual
Change Korhonen 2001

Chertow 1999a

Continuum of Industrial Symbiosis Graedd 1994 Pauli
1998
Hond
Hond 2000
Andrew 1999
Andrew IE

1990 Green Plan



Green Silicon Idand 2001

2010

Silicon Valley

2000

2000



System Thinking

Industrial Ecologist

Triple Bottom-Line

Continuum

of Industrial Symbiosis IE

Operational of Sustainable Development






Chertow 1999a



(scenario analysis)

Research Triangle Ingtitute RTI

Martinet. al. 1996




(Closed the Loop)

Q Xi+Yi

i=1

i=12L ,n



( )
Industrial Ecology — — “ Industrial
Ecology” “ Industrial Symbiotics” “ Industriadl Symbiosis” “ Industria

Eco-SystenT’

Eco-Industrial Parks — —

By-Product Synergy ——
Co-Product

By-Product

Corporate Synergy — —



Waste Exchange — —

Green Siliconldand —— 2001 2005

Carrying Capacity

Hierarchical System

10

2011

1-1



2001

1-2

SWOT

11



SWOT

1-2

IE

12



Frosch Gallapoulos 1989 9
Strategy for Manufacturing Industrial Metabolism

Frosch and Gallapoulos 1989

Frosch 1992

Materia Flow and

Balance

Graedel 1994

Graedel  Allenby 1995

13



Allenby (1999) Science of
Sustainability Institute of Electrical and Electronic
Engineers Inc. |EEE

White Paper on Sustainable Development and Industrial Ecology

2-1

Frosch 1992 Industrial Metabolism

Richards,  Allenby
and Frosch 1994

Graedel 1994

Graedel and Allenby
1995 |IEEE

Erkran, S. 1997
Loweet. al. 1997

Wallner, HP 1999 - - - / /

Andrew, C.J. 1999

Hond, F. 2000 IE

14



Analogy

Korhonen 2001 2-2
2-2
(D (Roundput)
(Cascading)
(2 (Diversity) - "’ (actor)
3 (Locality)
(Limiting
Factor)
4 (Gradual
Change)

Korhonen 2001

15




1996

Wernick

Measures

Ausubel 1997

Material Cycles

1998

16

Means

Indigo Development

2000

Hammer

2-1



1INsay pue adoas)

Time and Work
2-1

1998 Hammer 1996

Desimone Popoff 1999
Eco-Efficiency
Site-Based Approach

Multimedia Planning

17



Rejeski

Rejeski

Desimone and Popoff 1999

1997 Colby 1990 2-3A-D

Frontier Economy Period 2-3A

1960 1970

2-3B Pollution Prevention Pays 3P

2-3C

Eco-Development 2-3D

18



A GDP C GDP

W)

GDP

2-3A-D

Colby 1990 Rejeski 1997

IE System Level

Socolow 1994 Stigliani et. al. 1993
Lowe 1993 Sagar and Frosch 1997
Frosch and Gallopoulos 1989 Tibbs 1992 Graedel and Allenby 1995

Berkd and Lafleur 1997  Esty and Porter 1998

Garner

19



and Keoleian 1995 Frosch 1995

Sagar and Frosch 1997 Dillon 1994
Boonand Baas 1997  Schwarz and Steininger 1997 Sternet. al. 1997
Richards 1994 Type |
2-4A Linear One-Way Flow of

Material and Energy
Reuse Recovery
Typell

2-4B

Typelll 2-4C

Pauli 1998

Linear Production

Eco-Products

Closed the Loop

2-5

20






2-5

Pauli 1998

De-Materialization
Cleveland and Ruth 1998 1988
Embedded

Energy  Wernicket. al. 1996

Wernick et. al. 1996

Hermanet. al. 1989 V\onWeizsacker 1998

Stahel 1997

22



Stahel
Production-Oriented Economy Service-Oriented

Economy

Product Extended Use

Material Flow Analysis MFA
Life Cycles Assessment LCA Design for Environment DfE

Hond 2000 2-3

MFA Substance Flow Analysis
SFA LCA
DfE MFA SFA
Berkel 1997a IE Industrial Ecology Toolbox

(1) (2)
3) (4)

23



2-3

2000

Klauser et. al. 1998

Fischer- Kowalski 1998 MFA

Wernick and Ausubel 1995

Duchin, F. 1994

Owen 1997 LCA

Ehrenfeld 1997b LCA

Greadel 1997a LCA

Greadel 1997b LCA
Potting et. al. 1998

Hoffman 1997 DfE

Sheng and Wornach 1997 LCA DfE

Datalogs for component reuse

Oldenburg and Geiser 1997
Berkel et. al. 1997b

Wright et. al. 1997
Wernick and Ausubel 1997

product-to-waste

Liedtke et. al.
al. 1997

1998  Shaft et.

EMAS

Hond 2000

24



Chertow 1999a

The Anchor Tenant Approach
Intra Facility
Company Inter Facility Company ExtraFacility Company
Chertow 1999b  Chertow
IE
1976 1982 1983

(Clean Japan Center CJC) 1977

(Southeast Waste Exchange)

( The University of North Carolina at Charlotte ) ( Urban

25



Institute ) (Waste Watcher )

1992 1993
5,987
58,378,992 17,241,241
1988

1992 Philippine Business for the Environment Inc.
PBE 1993 1994 PBE

U.S. Aid for International Development USAID

Business and Environment
PBE
1995 4
1972 (Dutch Vereniging Van

de Nederlandse Chemische Industrie Exchange VNIC)

Deuscher Industrie-und Handelstag ( DIHT)

700,000 1996

1998

2000 8

277,985

26



Woods 1996 Coors Brewery

Affiliated Companies

(1) Zeagen

(2) Graphics Packaging

(3) Golden Aluminum

100

(4) Coors Ceramics

(5) Golden Technologies

Allenby 1996 AT&T

AT&T
27

AT&T

95

90



AT&T

9 CO»

CO2

On-Line General Exchange System OLGES
Chemical Management Information System CHEMIS
Basic Chemical Tracking System BCTS
2001
1990-1999 (2) 1995
13.8 1995
7.2 1995
36
@)
1995 1995
33 1995

35 1995

28

1995



BPS

The Business Council for Sustainable Development-Gulf of

Mexico 1997 My Company
Co-Product
By-Product
BPS
Our Company
BPS
2-6
—>
------ > P
>
----- > R
1/
------ > R
<+ BPS
|
|
—>
2-6 BPS

Applied Sustainability LLC 1999a

29



BPS

BPS
2-4
2-4
1 BPS
2 BPS
3 BPS
4 BPS
5 BPS
1
2
3
4
5
6
7
2
3
1
2
3
1
2
3

The Business Council for Sustainable Development-Gulf of Mexico 1997

30




Forward Mangan 1999 BPS

BPS
BPS
Eco-Efficiency
The Texas Natural Resource Conservation Commission
Texas Industria Inc. TXI
Commission for
Environmental Cooperation Calgary
Tampico BPS BPS Conoco
Norwegian Tampico BPS
Tampico BPS
Tampico BPS
100
Tampico BPS 1997 11
CEO BPS

[nput Products

Weste

31



Tampico BPS

65
1
Mine Tailing —— Mineral Autlan
Chaparral Steel-TXI CenStar® ; 2 PVC —— PRIMEX
PvC 3 Acetonitrle —— PEMEX
DUPONT
4 Ferric Chloride —— DUPONT 70,000
Flocculant 5 Hydrochloric Acid —
— DUPONT 6
Butadiene — — INSA-Emulsion 51,000 NHUMO
Combustion
1 CO2Recovery — — Cryoinfra
2 Polymer
Residuals for Materials of Construction — — John Manville GE-Plastics PRIMEX
POLICYD INDELPRO 3
Rehabilitation of Polymer with Nitrogen — — Cryoinfra
Pulverize 4 Polyethylene Polypropylene
Bags - — 134
GRUPO TAMPICO Platforms 5 Fiberglass ——
AISTAC 6 Chemical Drums and Barrels ——
Industria Ecologia del Golfo
7 Gadification ——

Waste-to-Energy

32



BPS North Texas By-Product Synergy Project

BPS BPS

BPS
(2)
(4)
(5)
BPS

(1)

Interested Companies that are Potential Participants
BPS Global BPS Network
Tampico Alberta Monterrey

Applied Sustainability  LLC

(1)

(6)

Globa BPS Network

Core Group of Participants

)

1999b

(1)

(2)
3)

Eco-Development (Eco-Industrial Devel opment)

33

BPS

(3)

3)



1995

2-5

PCSD

D)
Fairfield

Brownfields

(2)

Brownsville

3)

Riverside

Biomass

( )

(4)
Scotia

Nova

Burnside

(Multi-Disciplinary)

(Multi-Institutional)

(5)
of Cape Charles

Port

Northampton

(JDA)

34




(6) 80
Civano New-Urban

Village Planning

/
@) TNT
Chattanooga ICl Americalnc.
\olunteer Site

2020
/
(8) East Shore Cluster
9) 35
Green Ingtitute
(10)
Plattsburgh
SO 14001
Eco-System

(11) (Second Growth)

Raymond

35




Butte Creek

(12)
Skagit County

(13)
Shady Side

Business Ecology Roundtable

(14)
Stonyfield/Londonerr
y

Covenants

Stonyfield Farm Inc. Town of Londonerry

(15)
Trenton

Eco-Industrial Roundtable

Baseline Assessment

Bechtel Corporation

Brownsville Matamoros

2000b

David Cobb

Brownsville Matamoros

36




Brownsville Matamoros Brownsville

The Business Council for Sustainable Development-Gulf of Mexico 1997

Chertow 1999a

Limited Feasibility of Eco-Industrial

Parks is Being Recognized  Chertow Anchor Tenant
New Haven
Chertow
1999b
Trenton
2000b
1
2 3
4
ElPs Loweet. al. 1996

37



Ehrenfeld and Gettler 1997

(2) (2)
3) (4)
(5)
Multimedia (6) (7) \oluntary Agreement
(8) (9) (10)

(12) Martinet. al. 1996

\oluntary Agreement

ElPs
Carbon Sink
ElPs
ElPs ElPs
Martinet. al. 1996
ElPs
ElPs
ElPs Loweet. al.

1996 (1)

38



(2)

(3)
(4)
ElPs (%)
Martinet. al. 1996
EIPs
EIPs
ElPs (1) (2)
() (4)
(5) (6) Martinet. al. 1996

39



1987

2000

40



1987.7 1988.6 510
1988.7 1989.6 385
1989.7 1990.6 437
1990.1 1991.6 72
1991.7 1992.6 240
1992.7 1993.6 385
1993.7 1994.6 460
1994.7 1995.6 600
1995.7 1996.6 660

1998

41

3-1







Passive System

Active System

1996

43



2000 8 17.58%

277,985 3-2 1996 7 1996 12

Na2SigOg xH20

44



NaOCl

3-2 (987 7 2000 8 )

1. 134 28 20.9 1453.70

2. 183 51 27.9 23406.14

3. 326 49 15.0 4493.20

4, 111 16 14.4 1133.70

S. 227 53 233 45038.66

6. 98 19 194 49003.06

7. 28 8 28.6 3201.30

8. 57 10 175 3935.00

9. 74 16 21.6 1210.50

10. 18 5 27.8 391.71

11. 27 7 259 3332.00

12. 28 3 10.7 4104.00

13. 85 18 21.2 9512.00

14. 29 3 10.3 210.00

15. 55 5 9.1 161.80

16. 32 6 18.8 53202.00
17. 204 6 29 59244.00
18. 121 20 16.5 14953.6

1837 323 17.58 277985.942

45

2000a *




1973

1989

SO 14000

1995

46



(PS)

(PS)

(PVC)

47

2001 4

(PET)

(PE) (PP)

2000a

H2SO4



48

1996

2000

1996

10

1996

21



ET

| L
o

| HRE EHD AAE RRFw RO HED

"_?‘: I& @ | Jﬁ 'ﬁ%‘ ‘.Lgf,_, _ﬁf %' % Hmm::. |M

.
lgﬁ
S Fr L1
A A RO/ 02/ 29 4 1 2- 1 4B iR 76
R RS R
SREFTIE R
Wl - FOHEE O R EOE 128 CHPIRE 0 GRE S BT
W BIETEE - IRl R AE L B S R T Rl -
W B RS T M ER IS« (LR F R
r%l—_l b FEFRIETIRAY - 5 A S IS ¢ T SRR =
At

[T Tkt

nmal! BNy ges |miEear | Emes | door | B (B BNPEUOE a0l

2000b 2

3-3

49



3-3

2000b 3

50




34

2000b 4

51




1997

3-3

1993

52

(

)



1988 33,000 /
1993 4 500
1993 7 10,000 /
1993 9 60
1993 10 300
1995 6 3,000 /
1996 3
PS
30,000 /

1997

53




P-D-C-A

Industries for REducing Weste

Team Management

35

4R

54

DESIRE DEmonstration in Small

Organization Management



1SO 14000
1SO 14000 v v v
1
2.
v |
> —%1S0 14000 |
| 1 ()
l 2l i
P |
—»1S0 14000
1SO 14000
v
1SO 14000 20%
v 80%
v
v

3-5

2001

55



DESIRE DEmonstrationin Small Industries for REducing Waste

1995
Plan 1
Plan 2
1
2
3
Act 2
17
18
3-6
Ngo 1999

Do

Actl

14
15

16

DESIRE

56

2001

Check

UNIDO

10
11
12

13




(1)

(2)

(3)

(4)

DESIRE

PDCA

Natural Capital Investment
57



1990

(1)
(2)
(4)

58

1984

3)



V2

V1

V2

1996

59

1997

HO

Vi1




1999 1

1999

1995

1996

1996 1997

1996

60

3-7



1996

1997

i

1999

1999

1999

1998

1998

1998

1999

61

PDCA




/ Check \

EMS

3-8

1997

1996 11

71

62




39

3-10

1997

63

2001




4
p— S— ‘ ..... >
<
Vo2 T
3
q
1 In-plant 2 Ex-plant 3 Cross-Industry
Cross-border
3-10
2001

1997 10 24

64




10

1

12

13

14

15

16

17

18

19

1998

65




1999

1999

2000

2000/8/11

8

11

66



67

ElPs



2001/5/13

3-6

Colocated

68




Colocated
1993
1960 1998 31,853
28,934
2,919 (@D
(2 (©)
(4)
3-7 (1)
(2
©) (4)

NII

69




/

597 82.01-86.12
356
597
695 84.08-90.06
590 84.08-89.05
8.1 84.07
28
200 86.01-88.12
2

65

50

25

(2)
(3)

70

1995

(1)




NI (4)

(5) (6)

1995

1998

1998 1999

Cluster

71



2000

2000

Ecological Deficit

311

72



3-11

2000

73



GNP

3-12

v
v
«—>
|
v
v
312

2000

74



SWOT

Scenario Analysis

2

Baseline Opportunity

75



physica

76

Virtua



4-1
Martin et.al.

1996

77




(1)

4-2

(98%

(2)

(3)

78

(95%



(98%

v
> (A1203,SiOp)
| '. . ':___ 4‘_____

A
/
989 F
/ R —
i (95%)/
__________ ___________}_________J /
—>
——>
/
A /
V' A

79




1988

58

1991

1989

1992

1989

1990

1992

1989

1993

80



(1)

(2)

(3)

81



60 70000
53
50 a7 2 60000
49003.06 o244 0000
02
40
45 .66 40000
28
30 ]
o 30000
19
20 23 16 16 5
20000
10 o>
10 8 7 6
5 5 5 14883 610000
3 3 1 5 2 3 3
3 a
3 4 1
0 0
4-3 1987 2000 8

2000a

82




Proactive

90%

1991 | 1992 | 1993 | 1994 | 1995 | 1996 | 1997 | 1998 1999

6.9 7.3 9.3 10.2 12.3 124 134 151 16.1

26.9 28.8 24.9 22.7 27.1 33.5 32.8 26.2 32.1

44.4 44.6 48.7 53.0 51.9 56.9 61.6 66.4 65.0

78.2 80.7 82.9 85.9 91.3 | 1028 | 107.8 | 107.7 113.2

4.6 7.0 8.0 8.9 9.2 94 10.3 8.7 9.1

60.4 63.6 64.9 68.4 68.4 79.5 83.6 86.6 92.3

65.0 70.6 72.9 77.3 77.6 88.9 93.9 95.3 101.4

2000

83




9192929495 9€ 97 9¢E9¢€

4-4

2000

4-5

220,000

84

190,000

93%



Balance

Mass

4-2
4-2

1996 {1997 (1998 (1999 | 1996 1997 1998 1999
16 | 13 | 20 | 22 | 51102 851.27 32456 | 913.88
20 | 42 | 43 | 47 | 193530 | 377350 | 522107 | 4,429.36
16 | 20 | 22 | 23 | 37839 | 110598 | 75364 | 863.06
22 |31 | 20 | 22 | 118481 | 95178 | 1,000.32 | 2,718.12
29 | 16 | 36 | 12 | 458.00 39821 | 1,47049 | 717.13
32 | 118 | 48 | 57 | 299118 | 7,72324 | 2,047.23 | 2,635.74
16 | 12 | 6 | 14 | 167820 | 616.46 11506 | 572.40
18 | 23 | 10 | 26 | 404.23 370.71 339.39 | 2,678.09
169 | 275 |205 | 223 | 954113 | 1579115 |11,271.76 | 15,528.09

2000

85




1997
1,715Mcal/T 1998 1,689 Mcal/T

1997 687.5kg/CO2 /T 1998 678kg/CO2 /T

86



1997

45

87




88



X 4 X

4-6

(1)

(2)

89



(3)

(4)

(5)

ElIPs

Sustainable Science City

1998

1996

CaSoy

90

PAC

CaSoy

2000

PAC

1,200



1996 7
1996/7/20
4-3
Closed
4-3

11 12,821 6 3,729 17 16,551
11 12,821 6 3,729 17 16,551

16 416 7 272 23 688

1 2 1 2

5 52 1 5 6 57

5 103 5 255 10 357

5 261 1 12 6 273

4 79 4 79

4 79 4 79
27 13,238 17 4,080 44 17,318

2000 2005 2010
) 4,818 6,000 6,500

1998

91




4-7

<P

4-7
2000

92




/®®




Infrastructure

Joint Venture Silicon Valey Network

Emilia Romagna TCG Group

SWOT

SWOT

94



Strengths  Weakness Opportunity Threats

SWOT SWOT

SWOT

1 SwOT

Liability

95



2

SWOT

96



3

SWOT

97



4

SWOT

98



5

SWOT

99



SWOT

100



EIP

1
4-4
1 2 3
150 * 1.30 0.73
X
Y
/ 16,448 25,000° 129,821*
( Mcal ) ~1000 2173.6  |~1000
( kg-CO2/ )
m/ 500 794.2 500
300 453.97 300
3 3.3° 3.6’
8,000
5 25,000 /
6

3.3

101



4-4

B

Y1l

B

Y4

<

I=12L ,n

ayi

X1

102



é Xl | :1,21L N
i=1
Xi =
| =
n:
a Xi+M i=12.L ,n
i=1
Xi+Yi= [
n=
1
8,000 /
4-4
1.5

103



1.30

SWOT

0.73

104

1997

4-4



Closed the Loop

Spin-Off

105



106



1993 1 30

1996 7 19

107



(1)
(2) 3)
(4)
() (6)

1996 6 26

1995 10 11

108



TCCP

Wade Co-Product

By-Product

1999 1 18

1976

109



Recovered Resources

Resources Recovery

(1) el
(3) (4)
()

110



111

1997

5-1



2t/d
20KG
1.3~15
1.0~1.3 1.0
(1)
) 24/d
1997

1992

pH

112




95%

Cascading

113



850
1999
1,387

3,300kcal/kg Refuse- Derived Fuel RDF

RDF

114



20mT/a 60% 2000

1
81,000
1999
2
RDF
RDF
International Paper 1982
RDF RDF NOx
1999

115



80% 60%

2000

116



Frosch

Gallopoulos

1989

117



Continuum of Industrial Symbiosis

118

Chertow 1999a

277,985

15



1997

Cascading

119

1.30

0.73



120



(1)

(2)

3)

(4)

Opportunity Baseline

121

1998

1999

Industry Mix



(5)

GIS

GIS

122



123



1. 2001/5/13
http://www.libertytimes.com.tw/2001/new/may/13/today-c7.htm

2. 2000
3. 1996
1153-1168
4, 2000
5. 1996 883- 890
6. 2000a 1987 2000
7. 2000b 2000 6 21
8. 1998 32
125-163
9. 1993
10. 1996 977- 991
11. 2000a 1 1 4976
12. 2000b
13. 1998
1258
14. 1998 - —
65 101-111
15. 1997

16. 2000

124



17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

1999

1997

1996
9 101 13

1995

1995
1105-1115

1995

2000

1996/7/20

1996

1999

http://www.mo eai db.gov.tw/method/important/88/8801.htm

2000/8/11

http://www.moeai db.gov.tw/news/news/n890811.htm

1998

1994

59 86- 195

1997

1996

2000

1996

29- 57

1998

DfE

125

31- 44

59 145 157

2000



35.

36.

10.

11.

12.

2001

1998 SO 14000 66 69-76

Allenby, B.R. (1996) “The Conceptua Framework of DFE a AT & T.” In Design for
Environment: Creating Eco-Efficient Products and Processes. J. Fiksel ed., U.S.: McGraw Hill.

Allenby, B.R. (1999) Industry Ecology: Policy Framework and Implementation. New Jersey:
Prentice- Hall.

Anastas, P.T., and J.J. Breen. (1997) “ Design for The Environment and Green Chemistry: The
Heart and Soul of Industrial Ecology.” Journal of Cleaner Production, Volume 5, Number 1-2,
pp.97-102.

Andrew, C.J. (1999)  Putting Industrial Ecology into Palce: Evolving Roles for Planners.”
Journal of American Planning Association, Volume 65, Number 4, pp. 364-375.

Anrnold, M.B., and R.M.Day. (1998) “The Next Bottom Line: Making Sustainable
Development Tangible.” World Resources Institute Report.

Applied Sustainability, LLC. (1999a) “North Texas By-Product Synergy Project: Meeting
Minutes.” First Working Meeting, September 22, 1999.

Applied Sustainability, LLC. (1999b) “Tampico By-Product Synergy Demonstration Project:
Executive Summary.” Business Council for Sustainable Development-Gulf of Mexico.

Ashford, N.A. (1997) “Industrial Safety: The Neglected Issue in Industrial Ecology.” Journal
of Cleaner Production, Volume 5, Number 1-2, pp.115-121.

Ashford, N.A., and R.P. C6té. (1997) An Overview of The Special Issue,” Journal of Cleaner
Production, Volume 5, Number 1-2, pp.i-iv.

Ayers, R.U., and U.E.Simonis, eds. (1993) Industrial Metabolism Development through
Industrial Ecology: Restructuring for Sustainable Development. New York: United Nation
University Press.

Ayres, R.U., and U.E.Simonis, eds. (1994) Industrial metabolism: Restructuring for
sustainable development. New York, NY: United Nations University Press.

Berkel, R., and M.Lafleur. (1997) “Application of An Industrial Ecology Toolbox for The

Introduction of Industrial Ecology in Enterprises—H.” Journal of Cleaner Production, Volume
126



13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

5, Number 1-2, pp.27-37.

Berkel, R., E. Willems, and M. Lafleur. (1997) “ Application of An Industrial Ecology Toolbox
for The Introduction of Industrial Ecology in Enterprises—.” Journal of Cleaner Production,
\olume 5, Number 1-2, pp.11-25.

Boons, FAA., and W. Baas. (1997) “Types of Industrial Ecology: The Problem of
Coordination.” Journal of Cleaner Production, Volume 5, Number 1-2, pp. 79-86.

Business Council for Sustainable Development-Gulf of Mexico. (1997) “By-Product Synergy:
A Strategy for Sustainable Development—A Primer,” Radian International LLC.

Chao, C.C. 1999 "Promotion and Development of Industrial Eco-System in Taiwan, R.O.C."
Proceedings Of International Conference On Cleaner Production And Sustainable
Development, Taiwan, pp. 512-519.

Chertow, M.R. (1999a) “ The Eco-Industrial Park Model Reconsidered.” Journal of Indudrial
Ecology, Volume 2, Number 3, pp. 8-10.

Chertow, M.R. (1999b) “Industrial Symbiosis. A Multi-Firm Approach to Sustainablity.” 1999
Greening of Industry Network Conference, 1 July, 1999.

Chertow, M.R., and D.C.Esty eds. (1997) Thinking Ecologically: The Next Generation of
Environmental Policy. New Haven: Yae University Press.

Cleveland, C.J,, and M.Ruth. (1998), “ Indicator of Dematerialization and Material Intensity of
Use.” Journal of Industrial Ecology. Volume 2, Number 3, pp.15- 50.

Colby, M.E. (1990) “Environmental Management in Development: The Evolution of
Paradigms.” World Bank Discussion Paper 80, Washington: Work Bank.

Commoner, B. (1997) “ The Relation Between Industrial and Ecological Systems.” Journal of
Cleaner Production, Volume 5, Number 1- 2, pp. 125-129.

Coté, R.P., and T. Smolenaars. (1997) Supporting Pillars for Industrial Ecosystem.” Journal of
Cleaner Production, Volume 5, Number 1-2, pp. 67-74.

Denison, R. (1994) “Evaluating Environmental Impact.” Industrial Ecology: U.S. Japan
Per sepectives, National Academy of Engimeering.

DeSimone, L.D, and F. Popoff. (1999) “ Eco-Efficiency: The Business Link to Sustainable
Development.” Himalaya Foundation.

Dillon, P.S. (1994) “Implication of Industrial Ecology for firm,” The Greening of Industrial
Ecosystems. B.R. Allenby and D. J. Richards eds., Washington: National Academy Press.

127



27.

28.

29.

30.

31

32.

33.

35.

36.

37.

38.

39.

40.

41.

Diwekar, U., and M.J. Small. (1999) “Industrial Ecology and Process Optimization.” Journal
of Industrial Ecology, Volume 2, Number 3, pp. 11-13.

Duchin, F. (1994) “Input-Output Analysis and Industrial Ecology,” The Greening of Industrial
Ecosystems. B.R. Allenby and D. J. Richards eds., Washington: National Academy Press.

Ehrenfeld, J.R. (1997) “Industria Ecology: A Framework for Product and Process Design.”
Journal of Cleaner Production, Volume 5, Number 1-2, pp.87- 95.

Ehrenfeld, JR., and N.Gettler. (1997) “Industrial Ecology in Practice: The Evolution of
Interdependence at Kalundborg.” Journal of Industrial Ecology, Volume 1, Number 1, pp.
67-79.

Erkman, S. (1997) “Industria Ecology: A Historical View.” Journal of Cleaner Production,
Volume 5, Number 1-2, pp. 1- 10.

Esty, D.C., and M.E. Porter. (1998) “Industrial Ecology and Competitiveness. Strategic
Implications for The Firm.” Journal of Industrial Ecology, Volume 2, Number 1. pp. 35-43.

Forward, G., and A.Mangan. (1999) “By-Product Synergy.” The Bridge (The Quarterly
Magazine of The National Academy of Engineering), Volume 29, Number 1 (Spring).

. Frosch, R.A. (1995) “Industrial Ecology: Adapting Technology for Sustainable World.”

Environment 37 (10), pp.16-27.

Frosch, R.A. (1992) “Industrial Ecology: A Philosophical Introduction.” Proceedings of the
National Academy of Sciences 89 (February): pp. 800- 803.

Frosch, R.A., and N.E. Gallopoulos. (1989) “Strategies for Manufacturing.” Scientific
American 261 (3), pp. 34- 45.

Garner, A., and G.A. Keoleian (1995) “Industrial Ecology: An Introduction.” University of
Michigan National Prevention Center for Higher Education: Ann Arbor.

Graedel, T.E. (1994) “Industrial Ecology: Definition and Implemention.” Industrial Ecology
and Global Change. R.H Socolow, C.Andrew, F.Berkhout, and V. Thomas eds., Cambridge:
Cambridge University.

Graeddl, T.E., and B.R. Allenby. (1995) Industrial Ecology. Englewood Cliffs: Prentice Hall.

Grant, J. (1997) “Planning and Designing Industrial Landscape for Eco-Efficiency.” Journal of
Cleaner Production, Volume 5, Number 1-2, pp. 75-78.

Hammer, W.B. (1996) “What s is The Relationship Among Cleaner Production, Pollution
Prevention, Waste Minimization and SO 140007 First Asian Conference on Cleaner

128



42.

43.

45,

46.

47.

48.

49,

50.

51

52.

53.

Production in Chemical Industry, Dec. 9-10, 1996, Taipei.

Hammond, A., A. Adriaanse, E. Rodenburg, D. Bryant, R. Woodward. (1995) “ Environmental
Indicator: A Systematic Approarch to Measuring and Reporting on Environmetal Policy
Performance in The Context of Sustainable Development.” Washington: World Resources
Ingtitute.

Herman, R., SA. Ardekani, and JH. Ausubel. (1989) “Demateridization.” Technology and
environment. J. H.Ausubel and Hedy E. Sladovich eds.,. Washington: National Academy Press.

. Hond, F. (2000) “Industial Ecology: A Review.” Regional Environmental Change, Volume 1,

Number 2, pp. 60-69.

Keckler, SE., and D.T. Allen. (1999) “Material Reuse Modeling: A Case Study of Water Reuse
in An Indugtrial Park.” Journal of Industrial Ecology, Volume 2, Number 4, pp. 79-92.

Korhonen, J. (2001) “Four Ecosystem Principles for An Industrial Ecosystem.” Journal of
Cleaner Production, Volume 9, pp.253-259.

Korhonen, J., M.Wihersasri, and |. Savolainen. (1999) “Industrial Ecology of A Regional
Energy Supply System: The Case of The Jyvaakyla Region, Finland. GMI 26 (Summer), pp.
57-67.

Larson, E.D., M.H Ross, and R.H.William. (1986) “Beyong The Era of Material.” Scientific
American, Volume 254, Number 6, pp. 24-31.

Lee Zarnikau. (1999) “By-Product Synergy.” International Conference on Cleaner Production
and Sustainable Development 1999, December 16, 1999, Taipei.

Lowe, E.AA. (1993) “Industrial Ecology: An Organizing Framework for Environmenta
Management.” Total Quality Environmental Management, Volume 3, Number 1, pp. 73-85.

Lowe, E.A. (1997) “Creating By-Product Resource Exchange: Strategies for Eco-Industrial
Parks.” Journal of Cleaner Production, Volume 5, Number 1-2, pp.57-65.

Lowe, EAA.,, SR Mohan, and Holmes. (1996) “Fieldbook for The Development of
Eco-Industrial Parks.” Research Triangle Institute.

Martin, SH., K.A. Weitz, R.A. Cushman, A. Sharma, R.C. Lindrooth, and S.R. Mohan. (1996)
“Eco-Industrial Park- A Case Study and Analysis of Economic, Environmental, Technical and
Regulatory Issues.” Research Triangle Indtitute.

. Ngo. T.H. (1999) “Opportunities for Waste Water Minimization in Textile Industry in Hanoi.”

Proceedings Of International Conference On Cleaner Production And Sustainable
Development, Taiwan, pp. 60-68.
129



55.

56.

57.

58.

59.

60.

61.

62.

63.

65.

66.

67.

68.

Nobel, C.E. (1998) “A Model for Industrial Water Reuse: A Geographic Information System
(GIS) Approarch to Industrial Ecology.” Thesis M.A., University of Texas, Austin.

Oldenburg, K.U., and K.Geiser. (1997) “Pollution Prevention and ..or Industria Ecology.”
Journal of Cleaner Production, Volume 5, Number 1- 2, pp. 103-108.

Parto, S. (1999) “Sustainablity and Local Economic Development: Can Regions “Learn’ to
Become Sustainable?’ 1999 Greening of Industry Network Conference, 1 July, 1999.

Pauli, G. (1997) “Zero Emissions: The Ultimate Goa of Cleaner Production.” Journal of
Cleaner Production, Volume 5, Number 1-2, pp.109-113.

Pauli, G. (1998) Upsizing: The Road to Zero Emissions, More Jobs, More Income and No
Pollution. U.K.: Greenleaf Publishing.

Pleshette, E.R., G.E. Fitts, C.F. Murphy. (2000) “Eco-Industrial Development As A New
Strategy for End of Life Management of Eletronic Equipment.” 1EEE, pp. 335-340.

Rejeski, D. (1997) “ Metric, Systems and Technological Choices.” The Industrial Green Game:
Implications for Environmental Design and Management. D.J. Richards ed., Washington:
National Academy Press.

Rejeski, D. (1999) “ Learning Before Doing: Simulation and Modeling in Industrial Ecology.”
Journal of Industrial Ecology, Volume 2, Number 4, pp. 29-43.

Richards, D.J.,, and R.A. Frosch. (1997) The Industrial Green Game: Implications for
Environmental Design and Management. D.J.Richards ed., Washington: National Academy
Press.

. Richards, D.J,, B.R. Allenby, and R.A. Frosch. (1994) “ The Greening of Industrial Ecosystems:

Overview and Perspective,” The Greening of Industrial Ecosystems. B.R. Allenby and D.J.
Richards eds., Washington: National Academy Press.

Sagar, A.D., and R.A. Frosch. (1997) “ A Perspective on Industrial Ecology and Its Application
to A Metals-Industry Ecosystem.” Journal of Cleaner Production, Volume 5, Number 1- 2, pp.
39-45.

Sandra, W. (1996) “Coorss Ten Ways to Prevent Pollution by Design.” Design for
Environment. J. Fiksel ed., U.S.: McGraw Hill.

Schwarz, E.J., and K.W. Steininger. (1997) “Implementing Naturé s Lesson: The Industrial
Recycling Network Enhancing Reginal Development.” Journal of Cleaner Production, Volume
5, Number 1-2, pp. 47-56.

Socolow, R.H. (1994) Six Perspectives from Industry Ecology.” Industrial Ecology and
130



Global Change. R.H Socolow, C.Andrew, F.Berkhout, and V. Thomas eds., Cambridge:
Cambridge University.

69. Stahel, W.R. (1997) “The Functional Economy: Cultura and Organizational Change.” The
Industrial Green Game- Implications for Environmental Design and Management. D.J.
Richards ed., Washington: National Academy Press.

70. Stern, P.C., T.Dietz, V.W.Ruttan, R.H Socolow, and JL.Sweeney. (1997) Environmental
Sgnificant Consumption: Research Direction.Washington: National Academy Press.

71. Stigliani, W.M., S. Andeberg, and P.Jaffé. (1993) “Industrial Metabolism and Long Term Risk
from Accumulated Chemicas In The Rhine Basin.” Industrial Environment, Volume 16,
Number 3, pp. 30-35.

72. Tibbs, H. (1992) “Industrial Ecology: An Agenda for Environmetal Management.” Whole
Earth Review (Winter), pp. 4-16.

73. UNIDO (1995) “From Waste to Profit.” The Indian Experince- Final Report of DESRE
Project, UNIDO, Geneva.

74.\on Weizsicker E. (1998) “Dematerializaion.” Managing a Material World: Perspective in
Industrial Ecology. P.Vdlinga, F.Berkhout, and J.Gupta eds., Dordecht : Kluwer.

75. Wdlner, H.P. (1999) “Toward Sustainable Development of Industry: Networking, Complex
and Eco-Clusters.” Journal of Cleaner Production, Volume 7, Number 1, pp. 49-58.

76. Weijnen, M.P.C., G.PJ. Dijkema, R.M. Stikkelman. (1997) “Methods and Indicators for
Evaluation of Industrial Eco-Efficiency a Macroscale” European Roundtable on Cleaner
Production, 1-3 November, 1997, Oslo, Norway.

77. Wernick, I.K., and JH. Ausubel (1997) “Industrial Ecology: Some Directions for Research
(Pre-Pubication Draft)” Program for Human Environment, The Rockefeller University with the
vishnu group for the Office of Energy and Environmental Systems, Lawrence Livermore
National Laboratory.

78. Wernick, 1.K., and JH. Ausubel. (1995) “Nationa Material Flows and The Environment.”
Annual Review of Energy Envirnmental, 20, pp. 463-492.

79. Wernick, 1.K., and JH. Ausubel. (1995) “National Material Metrics for Industrial Ecology.”
Resour ces Palicy, Volume 21, Number 3, pp. 189-198.

80.Wernick, 1.K., P.E. Waggoner, and J.H. Ausubel. (1998) “ Searching for Leverage to Conserve
Forests: The Industrial Ecology of Wood Products in The United States.” Journal of Industrial
Ecology, Volume 1, Number 3, pp. 125-145.

131



a Xi+v i=12L ,n
i=1
1
15 8
16,448.872 o
A+B+..4+R

A=111.823 B=1,708.173 (C=345630 D=87.207 E=3,464512 F=3,769.466
G=246.253 H=302.692 [=93.115 J=30.131 K=256.307 L=315.692 M=693.461

N=16.153 0=12446 P=4,092.461 Q=4,557.230 R=1,150.276 A=

B= C= D= E= F= G= H=
= I K= L= M= N= 0=
P= Q: R=
10
1977 2000
8,000 20 15
8,000
1977 2000 277,985
16,448

132



1. 1303303
2. + + +
25
850 /
65% 550 1999 1997
4,500 (Pulp and paper International 1998
July) 1999 ( ) 100
2000
30
20
0.06 1 150 100
6 3.9
66%( 1997)
25
(Mcal)  1997-1998
21736 Mca®
10
1 1996 1999 5,2132.13
1,3033.03
12 1907 1,715Macal/T 1998 1,689 Macal/T
1997 83.6 1997 143374 Macd 1998

133



(kg- COp)  1997-1998

7942 kg CO"

m 1989-1999
45397 m¥
073 -
+ + +
24,000 30,000 42,000 24,000
36,000

Sub-Total =126,000 132,000

62.5 50 |/
500,000/8,000"°=62.5

287.06 22965  /

2,296,500/8,000=287.06

141,200.4Macal 2,173.6 Maca
Ccop 687.5 kg- COo/T 1998 COp 678
1997 83.6 1997 CO» 57,475
COy 56,680.8 kg- CO2 COy 7942  kg- COp
175m? 1999 12m 1991 1999 82.54
45397 m®
185 666 36 073

134



Sub-Total =349.56

CaSoq 20

720,000/8,000=90

Sub-Total =90

45.75

366,000/8,000=45.75

Sub-Total =45.75

46.55

250,000+32,403.2+90,000/8,000  46.55

Sub-Total =46.55

95,000+420,000+465,000+110,000+275,000+750,000/8,000=264.37

Sub-Total =264.37

200,000 /8,000

Sub-Total 25

Total 129,821.23

135



(Mcal)

Total 1000 /

CO2 (kg- COY)

Totad 500 /

Total 300 /

136



