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«“Sustainable Engineering” is an Oxymoron
* The 3 levels of Sustainable Engineering

e Metrics and Tools




ENVIRONMENTAL, ECONOMIC, AND SOCIAL SUSTAINABILITY: SYSTEMS ENGINEERING

GREEN DESIGN: RESOURCE CONSERVATION AND IMPROVED EFFICIEN

MODIFIED OPERATION/CONTROL FOR POLLUTION PREV

DILUTION AND END-OF-PIPE TREATMENT

RISE OF ENVIRONMENTAL INTEREST

LITTLE CONCERN




Sustainable Development: “... that
which meets the needs of the
present without compromising the
ability of future generations to meet
their own needs.” (Brundtland

Social Commission, 1987)

Now, > 20 years later:

Over 350 published definitions

Some emphasize social sustainability,
others emphasize purely environmental
preservation

Example of different definitions:
Social sustainability implies
egalitarianism (EU)
Social sustainability means “equal
opportunity ” (US)




Sustainability as a Global Problem

2.5 Billion people live in areas without proper sanita tion
facilities

« 2 Billion people subsist on less than $2 per day

» Design for Sustainability: Affordability as a key vari able in
design

» “Sustainability ” has been used by different groups to further
their own agendas

“90% of the people who design things are addressing
the problems of the richest 5% of people in the
world” — Paul Polak of International Dev. Enterprises




Consider how “Sustainability ”
IS used by different groups

Politicians: Al Gore

Greenpeace
Sierra Club




Consider how “Sustainability ”
IS used by different groups

Companies

Volvo: all suppliers must be 1ISO 14000 certified
Aveda Cosmetics: all natural

Diesel Clothing: excels in treatment of factory
workers, tries to minimize environmental impact,

advertises clothing as “Global Warming Ready ”
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But despite its weaknesses, “sustainability ” ...

embodies principles we need to incorporate into our

decision -making at all levels -r-'*‘*l“
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IS a genuine reflection of society ’'s concerns about
the future (population increases, resource wars,
global change - climate, biodiversity, deforestation,
ozone hole)

IS a pathway to capture attention of leaders andth e
public to promote lifestyle changes




So, we see that ...

Sustainabllity is a relatively new concept
It Is Immature: experts don 't agree

It is heavily “value -laden”

It generates a lot of media attention

Thus sustainability cannot be a technological or
scientific construct —ratheritis a cultural construct.




What are the characteristics
of Engineering?

- Applied problem solving
e Pragmatic
» Depends on structured heuristics

* Highly quantitative
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Thus we have a mismatch

- Sustainability is a cultural construct
that depends on societal values and
requires assumptions about the future

e Engineering is a technological construct
that must provide precise solutions to
problems today, and may be sensitive
to assumptions about the future

So “Sustainable Engineering is an Oxymoron!




Engineers attempting to solve societal
problems in a sustainable way can run into
trouble if they:
-- don’t account for social and cultural issues
-- don’t consider global scale implications and
long-term future
-- handle unpopular decisions inappropriately,
e.g., if they ignore detalls, don’t bring all
stakeholders together to discuss options,

or make a poor decision

-- convince themselves that the world fully
understands implications of most
engineering decisions

We must define rules for the new field
of “Sustainable Engineering”




2. Three Levels of Sustainable Engineering:
Molecular, Process, Systems

Molecular Level

Replacement of a CFC with a less destructive HFC

Cl

— Cl
Production of malecules such
as fullerenes for drug delivery
or diagnostic imaging




Solid State Lighting Choice of
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Process Level

Cement manufacture

Ground to

Limestone Kiln, T ~ 14000 C )
— e a fine powder

Clay — — —Clinker ~—,
t SyEuT = Cement

H
Design decisions:_
 source of heat
(renewable_or non-renew.)
e type of kiln
 choice of additives




Systems Level

Buildings

Components must work together as a system
to enable the building to function as intended, e.g
residence, office, store, school, hospital, ...

*Design
«Construction
*Operation




Building Design

Examples of designs to promote sustainability (some
based on LEED)

* Materials: non-toxic, local, high recycled content,
recyclable, low energy to produce, produced from
renewables, produced by fair labor practices

e Energy consumption: passive or active solar,
on-site renew. energy, alternatives to AC (fans),

iInsulation, low-energy lighting, green power
« Water: appropriate landscaping, water use
reduction, use of gray water, leak avoidance




Building Construction

Examples of ways to promote green construction
practices
o Efficient management of labor, materials, equipment
* Minimization of construction waste
* Integration of perspectives of owners, contractors,
specialty trades, and building managers




Building Operation

Examples of ways to promote green operation of
buildings
« Education of occupants about building controls
e Individual appliance metering
e Timers on lights, computers, appliances,
thermostats

* Incentives for occupants to conserve: sliding
scale costs for energy and water




3. Metrics and Tools for Sustainable Engineering

Examples of metrics

* Materials and energy used per unit product

« Water used per unit product

e Emissions per unit product: toxics,
greenhouse gases, ozone depleting potential

Specifically for buildings, we could add

* Materials, energy, water used per square meter
 Embodied energy in building materials per
square meter




Examples of tools
 Material Flow Analysis
* Energy Flow Analysis
e Life Cycle Assessment




» Material Flow Analysis

Consider flows of all materials in and out of Vienn a
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Brunner and Rechberger (2004)




O Residential
B Commercial




o Life Cycle Assessment

MANUF. USE DISPOSA
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Outputs Outputs Outputs Outputs

Inputs: Chemicals, materials, energy, water, etc.
Outputs: Desired products, Wastes




Summary

- Sustainability is a cultural construct while
engineering is a technological construct.
Thus it is a challenge to bring concepts of
sustainability into engineering.

e Sustainable engineering poses problems on

many different levels, from molecular
level to full system level.

 New metrics and tools for sustainable
engineering are now becoming available, but
much more development work is needed.




