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Summary 

 

Industrial Ecology (IE) is critically reviewed, discussed and analyzed. The subject 

matter includes: IE definitions, goals, roles, objectives, approach, applications, 

implementation framework, implementation levels, industrial ecologists qualifications, 

ways & means for analysis and design, sustainable agriculture, sustainable industry, 

sustainable environment, zero emission, zero discharge, hazardous wastes, cleaner 

production, waste minimization, pollution prevention, design for environment, material 

substitution, dematerialization, de-carbonation, greenhouse gas, process substitution, 

environmental restoration, site remediation, etc. Several case histories, which have been 

gathered by the United Nations Industrial Development Organization (UNIDO) for the 

development of sustainable agriculture and industry using the industrial ecology 
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concept, are also presented. 

 

1. Introduction and Definitions of Industrial Ecology 

 

Industry, according to the Oxford English dictionary, is “intelligent or clever working” 

as well as the particular branches of productive labor. Ecology is the branch of biology 

that deals with the mutual relations between organisms and their environment. Ecology 

implies more the webs of natural forces and organisms, their competition and 

cooperation, and how they live off one another. 

 

The recent diffusion of the term “Industrial Ecology” stems from its use by Frosch and 

Gallopolous (1989) in a paper on environmentally favorable strategies for 

manufacturing. Industrial ecology (IE) is now a branch of systems science for 

sustainability or a framework for designing and operating industrial systems as 

sustainable systems inter-dependent with natural systems. It seeks to balance 

environmental and economic performance within the emerging understanding of local 

and global ecological constraints. 

 

A system is a set of elements inter-relating in a structured way. The elements are 

perceived as a whole with a purpose. A system’s behavior cannot be predicted by 

analysis of its individual elements. The properties of a system emerge from the 

interaction of its elements and are distinct from their properties as separate pieces. The 

behavior of the system results from the interaction of the elements and between the 

system and its environment (system + environment = a larger system). The definition of 

the elements and the setting of system boundaries are “subjective” actions. 

 

In this context, industrial systems apply not just to private sector manufacturing and 

service but also to government operations, including provision of infrastructure. A full 

definition of industrial systems will include service, agricultural, manufacturing, 

military and civil operations, as well as infrastructure such as landfills, recycling 

facilities, energy utility plants, water transmission facilities, water treatment plants, 

sewer systems, wastewater treatment facilities, incinerators, nuclear waste storage 

facilities and transportation systems. 

 

An Industrial Ecologist is an expert who takes a systems view, seeking to integrate and 

balance the environmental, business and economic development interests of industrial 

systems. He/she will treat “sustainability” as a complex, whole system challenge, and 

will work to create comprehensive solutions, often simply integrating separate proven 

components into holistic design concepts for possible implementation by his/her clients. 

 

A typical Industrial Ecology Team includes IE partners, associates and strategic allies 

qualified in the areas of industrial ecology, eco-industrial parks, economic development, 

real estate development, finance, urban planning, architecture, engineering, ecology, 

sustainable agriculture, sustainable industry systems, organizational design, etc. The 

core capability of an IE Team is the ability to integrate the contributions of these diverse 

fields into whole systems solutions for business, government agencies, communities and 

nations. 
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2. Goal, Role and Objectives 

 

An industrial ecologist’s tasks are to interpret and adapt an understanding of the natural 

system and to apply this to the design of the man-made system in order to achieve a 

pattern of industrialization that is not only more efficient, but which is intrinsically 

adjusted to the tolerances and characteristics of the natural system. In this way, it will 

have built-in insurance against further environmental surprises because their essential 

cause will have been designed out. 

 

A practical goal of industrial ecology is to lighten the environmental impact per person 

and per dollar of economic activity, and the role of industrial ecology is to find the 

leverage and opportunities for considerable improvement from practical effort. 

Industrial ecology can search for leverage wherever it may lie in the chain from 

extraction and primary production through final consumption, i.e. from cradle to rebirth. 

In this regard, a performing industrial ecologist should aim to become a preserver when 

endless re-incarnations of materials can be achieved. 

 

An overarching goal of IE is the establishment of an industrial system that cycles 

virtually all materials. It uses and releases a minimal amount of waste to the 

environment. The industrial systems’ developmental path to such an end state follows 

an orderly progression from Type I to Type II and finally to Type III industrial systems, 

as follows: 

 

1. Type I industrial systems represent an initial stage requiring a high throughput of 

energy and materials to function and exhibit little or no resource recovery; it is a 

once flow-through system with rudimentary end-of-pipe pollution controls. 

2. Type II industrial systems represent a transitional stage where resource recovery 

becomes more integral to the workings of the industrial systems but does not 

satisfy its requirements for resources; manufacturing processes and 

environmental processes are integrated at least partially, and whole facility 

planning is at least partially implemented. 

3. Type III industrial systems represent the final ideal stage in which the industrial 

systems recycle all of the material outputs of production, though still relying on 

external energy inputs. 

 

A Type III industrial ecosystem can become almost self-sustaining, requiring little input 

to maintain basic functions and to provide a habitat to thousands of different species. 

Reaching Type III final stage is the goal of IE. Eventually, the communities, cities, 

regions and nations should become sustainable in terms of natural resource use and 

environmental impact. 

 

According to Frosch (1996), “The idea of industrial ecology is that former waste 

materials, rather than being automatically sent for disposal, should be regarded as raw 

materials—useful sources of materials and energy for other processes and products… 

 

The overall idea is to consider how the industrial system might evolve in the direction 

of an interconnected food web, analogous to the natural system, so that waste 

minimization becomes a property of the industrial system even when it is not 
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completely a property of an individual process, plant, or industry.” 

 

IE provides a foundation for sustainable industrialization, not just incremental 

improvement in environmental management.  

 

The objectives of IE suggest a potential for reindustrialization in economies that have 

lost major components of their industrial base. Specifically, the objective of industrial 

ecology is not merely to reduce pollution and waste as traditionally conceived; it is to 

reduce throughput of all kinds of materials and fuels, whether they leave a site as 

products, emissions or waste. 

 

The above objectives of IE have shown a new path for both industrial and developing 

countries. Central objectives of an industrial ecology based development strategy are 

making economies profoundly more efficient in resource use, less dependent upon non-

renewable resources, and less polluting.  

 

A corollary objective is repair of past environmental damage and restoration of 

ecosystems. Developing countries that recognize the enormous opportunity opened by 

this transformation can leapfrog over the errors of past industrialization. They will have 

more competitive and less polluting businesses. 

 

3. Approach and Applications 

 

The Industrial Ecology (IE) approach involves (1) application of systems science to 

industrial systems, (2) defining the system boundary to incorporate the natural world, 

and (3) seeking to optimize that system. 

 

IE is applied to the management of human activity on a sustainable basis by: (1) 

minimizing energy and materials usage; (2) ensuring acceptable quality of life for 

people; (3) minimizing the ecological impact of human activity to levels natural systems 

can sustain; (4) conserving and restoring ecosystem health and maintaining biodiversity; 

(5) maintaining the economic viability of systems for industry, trade and commerce; (6) 

coordinating design over the life cycle of products and processes; and (7) enabling 

creation of short-term innovations with awareness of their long-term impacts. 

 

For small industrial systems applications, IE helps companies become more competitive 

by improving their environmental performance and strategic planning. For medium-

sized industrial systems, IE helps communities develop and maintain a sound industrial 

base and infrastructure without sacrificing the quality of their environments.  

 

For the large industrial systems, IE helps government agencies design policies and 

regulations that improve environmental protection while building business 

competitiveness.  

 

Application of IE will improve the planning and performance of industrial systems of 

all sizes, and will help design local and community solutions that contribute to national 

and global solutions. 

 



U
N
E
S
C
O
 –

 E
O
L
S
S

S
A
M

P
L
E
 C

H
A
P
T
E
R
S

HAZARDOUS WASTE MANAGEMENT – Industrial Ecology - Lawrence K. Wang 

 

©Encyclopedia of Life Support Systems (EOLSS) 

- 

- 

- 

 

 

TO ACCESS ALL THE 14 PAGES OF THIS CHAPTER,  

Visit: http://www.eolss.net/Eolss-sampleAllChapter.aspx 

 
 
Bibliography 

 

Ausubel, J.H. (1997). The Virtual Ecology of Industry. pp. 10-11. Journal of Industrial Ecology, Vol. 1, 

No. 1. [The author is one of great pioneers of industrial ecology, whose articles should always be read to 

explore his insight and visions] 

Ausubel, J.H. (1998). Industrial Ecology: A Coming of Age Story. Resources. Volume 130, No. 14, 

Winter. [A progress report of one of pioneers of industrial ecology] 

Ausubel, J.H. and Sladovich H.E. (1989). Technology and Environment. National Academy of Science, 

Washington DC, USA. [Industrial ecology was in developmental stage in 1989] 

Ayres, R.U. and Ayres L.W. (1996). Industrial Ecology: Towards Closing the Materials Cycle. Edward 

Elgar Publishing, Cheltenham, UK. [Development of industrial ecology as an academic field is an 

international trend] 

Cox, B. (2001). High-Mileage Precept Still Just a High-Priced Concept. pp.16. Times Union, 

Automotive Weekly, Albany, NY, USA. February 22. [A example of industrial ecology in the area of 

automobile manufacturing] 

Eastman Kodak Company (1987). Choices: Choosing the Right Silver Recovery Method for Your Needs. 

Environment. Eastman Kodak Company, Rochester, NY, USA. [An engineering report introducing 

various technologies for silver recovery] 

Evers, D.P. (1995). Facility Pollution Prevention. In Industrial Pollution Prevention Handbook pp. 155-

179. (Editor: H. M. Freeman). McGraw-Hill, New York City, USA. [Facility pollution prevention is one 

of goals of industrial ecology] 

Frosch, R. A. (1996). Toward the End of Waste: Reflections on a New Ecology for Industry. . pp. 199-

212. Daedalus, Vol. 125, No. 3. [An industrial ecologist’s view on wastes] 

Graedel, T.E., Allenby B.R. and Comrie P.R. (1995). Matrix Approaches to Abridged Life Cycle 

Assessment. . pp.134A-139A. Environmental Science and Technology, Vol. 29. [A scientific paper 

introducing the concept and applications of life cycle assessment in industrial ecology investigations] 

Hess, T.F., Buyuksonmez, R.J. and Teel A.L. (2000). Assessment, Management, and Minimization. 26 pp. 

Water Environment Research, Volume 72, No. 5, June 2000. Water Environment Federation, 

Washington, DC, USA. [A detailed review of recent developments in waste assessment, management and 

minimization] 

Indigo Development (2000). Creating Systems Solution for Sustainable Development Through Industrial 

Ecology. RPP International , Oakland, CA, USA. elowe@indigodev.com, June 5, 2000. [RPP 

International has been devoted in promotion of sustainable development through industrial ecology for 

many years] 

Klimisch, R.L. (1994). Designing the Modern Automobile for Recycling. Greening Industrial Ecosystems 

(edited by : B. R. Allenby and D. Richards), National Academy Press, Washington, DC, USA. [A book 

chapter introducing the application of industrial ecology in automobile design and recycling] 

Krofta, M. and Wang L.K. (1989). Total Closing of Paper Mills with Reclamation and Deinking 

Installations. Pp. 673. Proceedings of the 43rd Industrial Waste Conference, Purdue University, West 

Lafayette, IN, USA. [Waste paper recycle and water recycle technologies have been developed and 

https://www.eolss.net/ebooklib/sc_cart.aspx?File=E1-08-15-00


U
N
E
S
C
O
 –

 E
O
L
S
S

S
A
M

P
L
E
 C

H
A
P
T
E
R
S

HAZARDOUS WASTE MANAGEMENT – Industrial Ecology - Lawrence K. Wang 

 

©Encyclopedia of Life Support Systems (EOLSS) 

commercially available] 

Lovins, A.B. and Lovins L.H. (1993). Supercars: The Coming Light-Vehicle Revolution. Technical 

report. Rocky Mountain Institute, Snowmass, CO, USA. [A typical example of industrial ecology 

applications] 

Lovins, A.B. and Lovins L.H. (1995). Reinventin the Wheels. Atlantic Monthly, January. [A typical 

example of industrial ecology applications] 

Lowe, E. A., Warren J.L. and Moran S.R. (1997). Discovering Industrial Ecology: An Executive Briefing 

and Sourcebook. Battelle Press, Columbus, OH, USA. ISBN-1-57477-034-9. [A good source book for 

industrial ecology] 

Lowe, E. and Evans L. (1995). Industrial Ecology and Industrial Ecosystems. pp.1-2. Journal of Cleaner 

Production, Vol. 3. [A scientific paper describing the relationship between industrial ecology and 

industrial ecosystems] 

Lowe, E.A. (2001). Creating Systems Solutions for Sustainable Development Through Industrial 

Ecology: Thoughts on an Industrial Ecology-Based Industrialization Strategy. Indigo Development 

Technical Report, RPP International, 26 Blachford Court, Oakland, CA, USA. [An experienced industrial 

ecologist’s views and thoughts should be read and examined] 

NYSDEC (1989). New York State Waste Reduction Guidance Manual. New York State Department of 

Environmental Conservation, Albany, NY , USA. [A typical government publication for promotion of 

waste reduction which is a giant step toward industrial ecology] 

Pratt, W. B. and Shireman W.K. (1996). Industrial Ecology: A How-to-Manual: The Only 3 Things 

Business Needs to Do to Save the Earth. Technical Manual. Global Futures Foundation, Sacramento, CA, 

USATechnology Assessment, US Government Printing Office, Washington, DC, USA. OTA-ITE-347. 

[A US Congressional effort on pollution prevention and waste reduction was properly documented] 

Renner, M. (1988). Rethinking the Role of the Automobile. Worldwatch Institute, Worldwatch Paper 84, 

Washington DC, USA. [Conceptual development of industrial ecology in early stage] 

Swan, C. (1998). Suntrain Inc. Business Plan, Suntrain Inc., San Francisco, CA, USA. [An application of 

industrial ecology concept on transportation system development] 

Tibbs, H. (1992). Industrial Ecology: An Environmental Agenda for Industry. Pp. 4-19. Whole Earth 

Review, Winter 1992. [A conceptual combination of industry and environment is described in this paper] 

USEPA (1986). Waste Minimization Issues and Options. US Environmental Protection Agency, 

Washington, DC, USA. 530-SW-86-04. [A government publication for information dissemination and 

promotion of waste minimization, which is one of important elements of industrial ecology] 

USEPA (1988). The 14th Annual Research Sym.. January. www.globalff.org. [A simple manual for 

industrial ecology] 

USEPA (1988). Waste Minimization Benefits Manual. Phase I. US Environmental Protection Agency, 

Washington, DC, USA. August. [A government publication for information dissemination and promotion 

of waste minimization, which is one of important elements of industrial ecology] 

USEPA (1989). Pollution Prevention Benefits Manual, Phase II. US Environmental Protection Agency, 

Washington, DC, USA. [A government publication for information dissemination and promotion of 

pollution prevention, which is one of important elements of industrial ecology] 

USEPA (1992). Facility Pollution Prevention Guide. US Environmental Protection Agency, Office of 

Solid waste, Washington, DC, USA. EPA/600/R-92/083. May. [A government publication for 

information dissemination and promotion of pollution prevention, which is one of important elements of 

industrial ecology] 

Wang, L.K. (1972). Recycling and Reuse of Filter Backwash Water Containing Alum Sludge. pp. 123-

125. Water and Sewage Works, Vol. 119, No. 5, May. [Recycling and reuse of wastewater and sludge in 

water utility plants is a successful case history for industrial ecology promotion] 

Wang, L.K. (1973). Continuous Pilot Plant Study of Direct Recycling of Filter Backwash Water. pp. 355-

358. Journal American Water Works Association, Vol. 65, No. 5, May. [Recycling and reuse of 



U
N
E
S
C
O
 –

 E
O
L
S
S

S
A
M

P
L
E
 C

H
A
P
T
E
R
S

HAZARDOUS WASTE MANAGEMENT – Industrial Ecology - Lawrence K. Wang 

 

©Encyclopedia of Life Support Systems (EOLSS) 

wastewater and sludge in water utility plants is a successful case history for industrial ecology promotion] 

Wang, L.K. (1984). Design of Innovative Flotation-Filtration Wastewater Treatment Systems for a 

Nickel-Chromium Plating Plant. 92 pp. US Department of Commerce, National Technical Information 

Service, Springfield, VA, USA PB85-215317/AS. [Hazardous heavy metals can be effectively separated 

by a flotation-filtration system] 

Wang, L.K. (1991). Design and Specifications of Pittsfield Water Treatment System Consisting of Air 

Flotation and Sand Filtration, pp. 127-146. Water Treatment, Volume 6. [A scientific paper introducing a 

total water recycle system in Pittsfield, Massachusetts, USA] 

Wang, L.K. (1995). The State-of-the-Art Technologies for Water Treatment and Management. 144 pp. 

United Nations Industrial Development Organization (UNIDO), Vienna, Austria. Training Manual No. 

DTT-8-8-95. [A UNIDO training manual introducing modern water treatment technologies and 

managerial skills for drinking water production and wastewater recycle] 

Wang, L.K. and Cheryan M. (1995). Application of Membrane Technology in Food Industry for Cleaner 

Production., 42 pp. The Second International Conference on waste Minimization and Cleaner Production, 

Barcelona, Spain, June 7-9, 1995. United Nations Industrial Development Organization (UNIDO), 

Vienna, Austria. Technical Report No. DTT-8-6-95. [A scientific report introducing many resources 

recovery case histories in food industry involving the use of membrane processes] 

Wang, L.K. and Pereira N. C. (1980). Handbook of Environmental Engineering: Solid Waste Processing 

and Resource Recovery. pp.151-225. Volume 2, Humana Press, Clifton, NJ, USA. [A handbook 

introducing the technologies for solid and hazardous wastes processing and resource recovery in detail] 

Wang, L.K., Krouzek J.V. and Kounitson U. (1995). Case Studies of Cleaner Production and Site 

Remediation. 136 pp. United Nations Industrial Development Organization (UNIDO), Vienna, Austria. 

Training Manual No. DTT-5-4-95. [A UNIDO training manual introducing many international 

experiences and successful case histories related to cleaner production and site remediation, toward 

sustainable industrial and agricultural development] 

Wang, L.K., Wang M.H.S. and Kolodzig P. (1992). Innovative and Cost-effective Lenox Water Treatment 

Plant. Pp. 387-406. Water Treatment, Volume 7, October. . [A scientific paper introducing a total water 

recycle system in Lenox, Massachusetts, USA] 

Wang, L.K., Wang M.H.S. and Wang P. (1995). Management of Hazardous Substances at Industrial 

Sites. 105 pp. United Nations Industrial Development Organization, Vienna, Austria. UNIDO Registry 

No. DTT-4-4-95. [A UNIDO training manual introducing and recommending proper in-plant hazardous 

waste management for pollution prevention, waste minimization, and resource recovery] 

Wernick, I.K. and Ausubel J.H. (1999). National Material Metrics for Industrial Ecology, appeared in 

Measures of Environmental Performance and Ecosystem Condition. pp. 157-174. (Editor: P. Schulze). 

National Academy Press, Washington, DC, USA. [National material metrics are important to an industrial 

ecology project at national level or international level] 

Wernick, I.K., and Ausubel J.H. (1997). Industrial Ecology: Some Directions for Research, The 

Rockefeller University, NY, USA. ISBN-0-9646419-0-7. [The directions for research in the area of 

industrial ecology are introduced by the pioneers] 

Wernick, I.K., Herman R., Govind S. and Ausubel J.H. (1993). Materialization and Dematerialization 

Measures and Trends. pp. 171-198. Daedalus. Vol. 125, No. 3. [A scientific paper introducing some new 

concepts of industrial ecology] 

Wernick, I.K., Waggoner P.E., and Ausubel J.H. (1997). Searching for Leverage to Conserve Forests: 

The Industrial Ecology of Wood Products in the US. pp. 125-145. Journal of Industrial Ecology, Vol. 1, 

No. 3. [ Application of leverage is demonstrated in an industrial ecology project] 


