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The Concept of Industrial Ecology

Woo Zin Choi’, Soon Sung Hong
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ABSTRACT : The interactions of the societal-industrial system with the environment form one of the most
critical issues in today’s world. The inadeguacy of current environmental regulatory structures and of traditional
ways of analyzing environmental issues, together with the continuing need to mitigate the environmental
perturbations arising from this complex relationship, have led to the development of a new conceptual framework
termed industrial ecology.

Industrial ecology (IE), defined by Graedel and Allenby, is the means by which humanity can deliberately and
rationally approach and maintain a desirable carrying capacity, given continued economic, cultural and
technological evolution. The concept requires that an industrial system be viewed not in isolation from its
surrounding systems, but in concert with them. IE is a systems view in which one seeks to optimize the total
matetials cycle from virgin material, to finished material, to component, to product, to obsolete product, and to
ultimate disposal. Factors to be optimized include resources, energy, and capital.

In the present paper, the concept of Industrial Ecology and its application through efficient and practical
Design for Environment (DFE) methodologies and tools will be introduced to Korea. This paper will also
emphasis on the industrial environment within which DFE methodologies must be used, including the
fundamentals of industrial design activities, concurrent engineering, constraints on design choices and existing

technological infrastructure.
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2. Industrial Ecology : The Concept
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¥ Industrial Ecology is the means by which
humanity can deliberately and rationally approach and

maintain a desirable carrying capacity, given continved

The

concept requires that an industrial system be viewed

economic, cultural and technology evolution.
not in isolation from its surrounding systems, but in
concert with them. It is a systems view in which one
seeks to optimize the total materials cycle from virgin
material, to finished material, to component, to product,
to obsolete product, and to ultimate disposal. Factors
to be optimized include resources, energy, and capital.
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Fig. 1. Types of Ecology.

(a) Linear Materjals Flows in Type I Ecology.

(®) Quasicyclic Materials Flows in Type IIEcology.
(¢) Cyclic Materials Flows in Type I Ecology.
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3. Linking Industrial Ecology and
Environmental Science
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Table 1. Three stages of environmental regulation

Geographical/ ]
Time Activity Focus Regulation Leader
Temporal Scale
Past Remendiation Waste Local, Command-and- USA
substances Immediate control
Present Compliance Emitted Point source, Command-and- More
substances Immediate control, end of developed
pipe countries
Future 1IE/DFE Preducts and Regional and Establish European
services over global systems, boundary Union,
the life cycle all time scales conditions especially The
Netherlands
and Germany
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Fig. 2. The typical life cycle of the relationship
between the state of technological development of

society and its resulting environmental impact.
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4. Design for Environment and Life
Cycle Approaches
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X Design for Environment®} Life-Cycle approaches
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Resource use
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Fig. 3. Desired redirections (dashed lines) of the
typical historical development path, treated as the
relationship between the state of technological
development of society and its resulting environmental
impact. "Now” refers to the approximate positions of
countries at different levels of industrialization: compare

with Fig. 2.
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5. DFE: Energy, Materials, and

Processes
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22 A3 Ra 9 carbon¥E SAHT Holth
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Table 2.

FAZ n@ A 9 ¥ (Cogeneration) g 3}
nEXN ol& 7 Utk M AFAA=F FH 2
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Gaseous species emitted by energy generation processes

Gaseous Species

process

CO, CH,

NO, SO,

H)S HCl Particles

Fossil Fuel

Energy Sources:
Coal * *
Petroleum
Natural gas * *

Other Anthropogenic
Energy Sources:
Nuclear power
Refuse incineration *

Biomass incineration

Natural

Energy Sources:
Hydrothermal steam
Solar power
Hydropower
Wind power
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T ¥4 A7) HAH 2437 WEITH AATA
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522 dA oo #c} packagingd] FFE AFEA
Wz f8e EAAE FF 420t oA Ha
Z F de 4P A2YE FHAE Ao BE F
a3}

3¢,
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13¢] 0.4 08 1.2 1.6 20 24 28 a2
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Fig. 4. The evolution of industrial carbon intensity
(expressed as kg C per 1980 U.S. dollar) as a function

of the per capita level of industrialization.
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Alzgjer &t wE, FF3E& Fol ¥ FuAlg
T& AT =¥o} cjFo{Ho} ¥ FHelt}

@ 959 49 (Choosing materials)

ERe A £, 33y EAS e UEY
A designer’l R e HJe|7lE s KB
o] FFolY 7rFel g delo] AFg wA B
d5e dda #EE ZI2MELe orehel 2] 47t
A 7N FHoR H4YY 4 Aok

AH o] FHEI, FAol gl A e} ot
d 298§ A9E A, FHAe $HELe] ofd A
dAHYU 4L AEY A, HAZ YEY AHEE F
23S d HAE € A, rlARLE 5 4=



The concept of industrial ecology 39

(Virgin materials)B.C} 7153+ 3+ AE-E(Recycled) €  high-strength steel, ¥ FE 0| &, 72 ¥ Efiay Al

28 488 A ST

Fe dE UM

Table 3. Manufacturing processes and their environmental implications

Process

Impacts

Smelting

Molding, Stamping
Chemical processing
Cleaning

Soldering

Welding

Plating

Bonding

Painting

Incoming packaging

Energy use, sulfur gases

Solid waste

Smog forming gases

CFCs, Organic solvents

Lead use

Energy use, disassembly difficuity
Cyanides residue, eventual loss of plating
Disassembly difficulty

Smog forming gases

Solid waste

298¢ 2% A designer7l Y + e
Fgo] o} A3 ALe AL AYHeR F
A7t 7hedtth wd FFolY AF designert A
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L2
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EdolgE vlefo] A3 rheAel e BEL ALE
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6. DFE: Packaging, Use, and Recycling
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o] ek FYAHRA ARHe AF F, °vIE,
motor oil, HAJE, 2(Drugs) & 4 E(Food) & &
Zel mlxle 9] HWEA JElUR, AHRE U8
o] i wegt 2 P A3 F 7 U F
Yoz Ao|§ =& AqPEo] 7t5H EF g
TAe 288 EF& AolR AU AXSL JHF
3 P22 dAHeR EAzer} e Folvt
AFa F3 2ol g BFIHA AzE AFY F
Z, Az & life-cycle stages?} IUE FAFRe F
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ERFEor life-cycle stage= FF FAE #7 B
o0 Azt ERAAE AHEFe] B2 dEd 873
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ERAE AFE Ev AAE SHolof s upel
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B9 2o g & ol AF HEAHS A
Al nEEteE R 26z AFY A4 e AT
gohs AHolA v vigEsich

Table 4. Material in a typical U. S. A. automobile(kg)

Material 1978 1988 %change
Carbon steel 870 654 -25
High-strength steel 60 105 74
Stainless steel 12 14 19
Other steels 25 20 -19
Iron 232 207 -11
Plastics 82 101 23
Fluids S0 81 -10
Rubber 67 61 -8
Aluminum 51 68 32
Glass 39 38 -2
Copper 17 22 32
Zinc castings 14 9 -33
Other 62 57 -9
Total 1621 1437 -11
R CO= $HYIT Y $EHD Yow O AREDesign for Recycling)
Hdg EEEZ AME3te A0 HLRY AEEE AFo] AHEE F HFEHE JlEd ¢ Hdgz2
AVREE ARt 8420 4Ee 4 5 Atk B U4EE AgEdel g A¥ L] durHE 7
A KE FRME HALEr B2 gup  He oS UiAE 294¥ & Aok BA, ¥ 2T
= 34 $53 ez RAFJUT Be AFol AT 7)F(Embedded funcrionality) 7} & £F
ALEAITE Z AURE AREEY) PR dyAES  olM AEEo] HEF Amsel b vl L9

o} 2 AF A= Wy F135H0.
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maintenance activities& BAFGEEL oIt 0
ToITh F7|A|A(Weapon systems)e] 7§ £
2707t Az FA9) BHGZ A8 Hol ohy
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(Market)ol] A& 7}537tE Fol geof v, 2 F
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Table 5. Equivalent CO; emissions (g/km) from a Volvo 740 GL using various fuels

Fuel Extraction Refining Distribution Operation Total
Diesel 17 10 7 205 239
Gasoline 18 15 8 225 266
Methanol 13 51 12 186 263
Methane 10 7 41 187 245

E9] /AFL 7M5d £ £EPuity)F FKA3H,
=3 o) £&Eol 7ME L LEHAN EZY £
B2 o|FE Ao Fa3H [EE &¥sh &3
W AR Ec dYgHe Ao AY fEE oguigc
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DFRE 23 HE3HR ZF22ZA 2005372 o
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olg Aoz FAsHch A 7 A& U
AE F, A=), 22, A2 28 U g
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o At Fo ale] B &+ ALL AAFoF o}

HIole olz{3k DFRe ZEY2E AEFo =¥
Al7lele =¥o| A& Utk 191de= U. S
Government Executive Order’} #|Fo] Fo]x A7)
T AR, AEE UBE UE AFS FLEE 3}
Hen FF BAE HIIE HSy TIPS HI
FAEE AL AT 7EFY Z2= Q4 F
FE LA AEE 4 Recyclability)o] M 71F0)
H Aok 5Yo] “Blue Angel” #73vta 4o A%
A= AEEAe] F2 My 2o Hx Utk Y=
E APE3Nol sty £ o|fFF shis o]Fo)
B2 4P JtAE 22 A7) dEel. zEaY
A%, ¥ EQ ¢Fvly 9 E serpe 34 EF
$7000, $1009} 7}x7} qlvh. DFRe] A 71 &
23 meiFot B AL Al g3te 989 9

Designing  for

CLEAN TECHNOLOGY Vol 2 No 1

AAANN AEHe 559 £8 HLsHel gt
F HAlE £49¢ sle BFL A4 GxE Fo}
Ao I olffe SAEA e Bee 28, A
€, 2748 BE duA gAd o8 1A EAE
ok71dt?] WEoct. mAT e TEisior & A
dolgt 22E FAPAAA EEE @A UEV) |
2ol AHEE A Zel7t SR E FES O} 3
DFRY) YurzEQl /2L design modular® Y= A
ol 1 o2 HZ TV setsol M EHE 49
circuit boards& AME-#c}h FHo] T HriHe A
FLEZRH AHE 71 2EL 5 A2z A
E& A2HRemanufacturing)dhe HHE AMEgLE 29
AlA ei-% npgEIch. AEEoE closed-loop B
open-loop recycling®] S 7}x] )7} o] T ukaAl
9 Aole AMAHE Y48E TL AFE H==v1Y
Zpoleitt. EAEE] AANA £ mE closed-loop
wao] o npgAst. 34, Fetay, Fo|F T
NEEgL ol A X A At 559
2+ plated metal& 57} ojgl-g |k ofe}l FA)
A% don FetaE ZAex HRE, PR Sog
A3t £x M7t LS APA TETH Fole
HEG A7 EodsE o] A ApgHI}
Age WA o Folo ALx Eoiry 3y, F
&0l §HE TEAS R Agse H
FolE AL L3 Aol = i) md A
& 7171 M e AATACdN 2B L
W e 298¢ YAE AAZGEY =YL 71ed
oF #hc}.

= o
T =
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8ol e A3t Fig 59049 o] Ex L
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Qg AFEH} FYEL =Y37] d B DFE
o] A¥AQ BF L modularitys] N, AL LRFF
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o) &l (Process substitution) S|t} 1E¢] AF3H #PL
PP3l DFESl F 71¥& A3 2¥ALY divte] 7}
N3ic). IE7F 109EE 208%9 Avizle]l A, 3
ARA ] W R g2 T AL TP
24 [Ee] §E§ 4% 4 A7l WEet} A=
IEZhge] 2712017 gely, 71dAe FEHE
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Fig. 5. The action-impact distribution for pollution
prevention, design for environment, and industrial

ecology.

ZEHoE 8RFo2 MUYHA MAAAM 4P
B TS EH7 dojordtt BEF UPA ¥
AAMES 8730 3%E FE BFE 7T 4 AU
€ 7154 23] AN HRHEE B4Y
€ 7HA°F ¥ Aelt fvEE B2 AfFHe &

AAAd FEHLR dXNHn FULLEY AHHY
2 =RV YiME BAEAE 1 A=
$ AdAHe £Yo| YA, ol HI 4 A
Holo] 2§ EAEY =% 444 DFEY €&
£o] o]Fold F e ELHY AAY 727 A
o] glojol & e AlRET

& B#

1) Graedel, T. E. and Allenby, B. R .: Industrial
Ecology, Prentice Hall, Inc. (1995}

2} Johansson, A. : Clean Technology, Lewis Pulishers
(1992)

3) Jackson, T. :
Pulishers (1993)

4) Fisher, K. and Schot, J. : Environmental Strategies
for Industry, Island Press (1993)

Clean Production Strategies, Lewis

34714 A28 A1z



