


Research Question







Classic Definition

e‘““Sustainable development meets
the needs of the present without
compromising the ability of future
generations to meet their own

needs”

(The World Commission on Environment and
Development, United Nations,1987)
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Key Questions:




What is to be Sustained?:

__Broadly Accepted EI S sl

® Economic
- Human Capital

- Human-made Capital Economic

® Environment | Etficient -
- Natural Capital
e Social sgﬂg'" |
- Social Capital 1 Environ- Social
mental  Healthy
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http://www.chumpysclipart.com/illustration/895/concept_of_global_warming_with_a_sad_faced_globe_or_world







I Per capita generation (pounds/person/day)
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Total Inflow Associated with US Economy:
fuels, metals, construction, chemicals & biomass

Ayres, Ayres, & Moore, “Is the US Economy Dematerializing?” 2006







IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII'Hii!IIIIIIII'!!!!
(line)
Canada 2006 -
Western Europe 2006
Canada 1996 ¢
Pacific 2006
Western Europe 1996
Pacific 1996 -

.
See facing page Transportation Energy Data

Book. Oak Ridge National
Laboratory, USDOE: 2008.
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Eastern Europe 2006
o/

Eastern Europe 1996

Central & South America 2006

Central & South America 1996
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Middle East 2006

Asia 2006 Middle East 1996
Asia 1996

Transportation Energy Data T

China 2006 Book. Oak Ridge National
Aftica 1996 & 2006

China 1996 Laboratory, USDOE: 2008.
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Brand Image
Major firms have realized that

highlighting environment / carbon
is good for the bottom line

Please see:

Maestri, Nicole. Wal-Mart Index to Rate Products' Environmental Impact." Reuters, July 15, 2009.
Advertising for [Timberland Earthkeepers and |Apple MacBook

Procter & Gamble Sustainability Report.

| What used to be only niche differentiator will likely soon become a barrier to entry |
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http://www.reuters.com/article/idUSTRE56E5BJ20090715
http://earthkeepers.timberland.com/
http://www.apple.com/macbook/environment.html
http://www.pg.com/en_US/sustainability/reports.shtml

Okay, so designers &
technology decision-makers
should care...

What do we do about It?
Industrial Ecology:
A Perspective & Strategy
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How Can We Affect This?

* Human Behavior Irrespective of
- Change patterns of consumption the strategy,

e \Waste less method needed
to evaluate

® Change the rules performance

- Dematerialization

e Get the same function from less material
- Materials substitution

e Apply less harmful materials
- Waste Mining - Reuse, Recycle

e Find ways to make use of streams currently wasted
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Question: Which strategies should be
pursued to improve sustainability?

® Engineers have identified many strategies that could
Improve sustainability

- Implement more efficient process

- Substitute materials in product

- Select nearby supplier

- Change package from PVC to cardboard
- Redesign product

e Each costs money to implement

e \Which would have the most impact?
- Cannot just look it up. Let’s try modeling...
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What is an
engineering model?

11 : a description or analogy used to help visualize

something (as an atom) that cannot be directly
observed

12 : a system of postulates, data, and inferences

presented as a mathematical description of an entity
or state of affairs

What is the purpose of
creating such models?
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Life Cycle Assessment: Basic Concept

|| Raw Materials ||

Energy

Processing
Chemicals

Product

e Quantify inflows and outflows

—)|| Releases to Land ||
—)" Air Emissions ||

—)" Water Effluents ||

e Characterize how in & outflows “change the world”
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Materials
7 Production \

Recovery /

Recycling Development

|

|

Manufacture

~

Assembly

Slide 30




common consumer product

one product




Question: Which strategies should be
pursued to improve sustainability?

® Engineers have identified many strategies that
could improve sustainability

- Implement more efficient process

- Substitute materials in product

- Select nearby supplier

- Change package from PVC to cardboard

- Redesign product

e Each costs money to implement

e \Which would have the most impact?
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O Production

O Packaging
O Transport
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Product

O Transport

O Packaging Facility

[0 Packaging Materials

O Manufacturing Facility
O Materials Production










Complete Life Cycle: One Use Cycle

Use phase dominates

100%

CED (MJ)
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Product

One Product
Use Cycle

w EoL

m Use

M Production
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Exfracfionﬁ

Recovery /
Recycling

Manufactuwe

= Assembly
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