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Cleaner Production, Industrial Ecology, and Sustainable Engineering

o CLEANER PRODUCTION: A GENERIC INTRODUCTION
o UNEP Definition (Silva and Gouveia, 2020)
= The first definition of Cleaner Production (CP) known was launched in 1990 by UNEP-IEO
(United Nations Environmental Program -- Industry and Environment Office) and defined
CP as “the continuous application of an integrated preventive environmental strategy applied
to processes, products, and services to increase overall efficiency and reduce risks to humans
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o Synonyms and Easily Confused Words
= Waste Minimization and Pollution Prevention
= Green Production and Green Productivity
= Sustainable Production => Sustainable Consumption and Production (SCP)
= Cleaner Production (CP) and Clean Development Mechanism (CDM)
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e INDUSTRIAL ECOLOGY AND SUSTAINABLE ENGINEERING
o A Working Definition of Industrial Ecology (Graedel and Eckelman, 2023)
= Industrial ecology is the means by which humanity can deliberately approach and maintain
sustainability, 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. 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, and to carefully evaluate the impacts of the
industrial system on the environment.

o Sustainable Engineering (Companion of Industrial Ecology, Graedel and Allenby, 2010)
= The practice of sustainability from the perspective of the engineer. (The concept of
sustainability can be defined as “the possibility that human and other forms of life will
flourish on the planet forever.”)

o0 What is Sustainable Engineering (Reddy et al., 2019)
= Sustainable engineering is the development of engineering solutions to advance human life
to maximize benefits and minimize adverse impacts to the environment, the economy, and
the society (“the triple bottom line””) throughout the life cycle of a project. Sustainable
engineering can be applied regardless of value chain position or the magnitude of a project —
it is scalable and applied across molecular, product, process, and system design.


https://www.gov.cn/zhengce/2012-03/01/content_2602265.htm
https://law.moj.gov.tw/LawClass/LawAll.aspx?pcode=O0100001

TABLE 3.1 Relating Current Environmental Problems to Industrial Responses to Yesterday’s Needs

Yesterday’s need Yesterday’s solution Today’s problem
Nontoxic, nonflammable Chlorofluorocarbons Ozone hole

refrigerants
Automobile engine knock Tetraethyl lead Lead in air and soil
Locusts, malaria DDT Adverse effects on birds

and mammals
Fertilizer to aid food production Nitrogen and phosphorus fertilizer Lake and estuary eutrophication

The old idea: There are “natural” areas
and there are “industrial” areas

The new idea: Industrial system sits
within the natural system

Figure 3.1

The transformation from natural and industrial
systems as essentially independent entities to the
realization that the industrial system is
embedded within the natural system.
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Assessment or Analysis Methods
related Sustainable Engineering

Material Flow

. Wa.ste . Industrial Metabolism / Exergy Analysis .
Minimization Life Cycle Assessment / Life Cycle Costing Analysis
Material Flow Analysis (Cost Accounting)

System Optimization / Scenario Analysis

Pollution Economic (Cost) Analysis / Various IOA Life Cycle
Prevention Assessment
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Symbiosis Related Concepts to Green Chemistry

for Environmental Management

Eco-Efficiency / Industrial Ecology
Cleaner Production / Eco-Design
Green Engineering / Life Cycle Thinking

Sustainability
Assessment

Design for
Environment

Detoxification Dematerialization Decarbonization
Circular Economy / Cradle-to-Cradle
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1.Corporate Social Responsibility (CSR) and Environmental, Social and Governance (ESG)
2.Cleaner Production (CP) and Clean Development Mechanism (CDM)
3.Benefit, Efficiency, and (Cost)-Effectiveness
4. Detoxification, Dematerialization, and Decarbonization
5.Carbon Neutrality, Climate Neutrality, and Net Zero Emission



