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Which is more
dangerous, agun or a
swimming pool?

Do real-estate agents
have their clients’ best
Interests at heart?

Do schoolteachers cheat
to meet high-stakes
testing standards?

Is summo wrestling
corrupt?




AIR POLLUTION







What is Sustainability?

Sustainability is many things to many people. It can simultaneously be an
idea, a property of living systems, a manufacturing method, or a way of life.

World Commission on Environment and Development report, ‘Our Common Future’ (Brundtland Report), 1987.

e Issues with defining sustainability
— Not universally accepted and has undergone various interpretations.
— It may be seen to encompass all human activity.

— The strategies needed to address "sustainability" will vary according to the
particular circumstances under consideration.




Clean Land, Air and Water
Emissions Reductions
Zero Waste, Release and Spills
Biodiversity

Diversity
Human Rights
Community Outreach
Indigenous Communities
Labor Relations

Innovation
Capital Efficiency
Risk Management

Margin Improvement
Growth Enhancement
Total Shareholder Return




Environmental Sustainability

Focuses on the overall viability and health of living systems —
defined in terms of a comprehensive, multi-scale, dynamic,
hierarchical measure of resilience, vigor and organization

Consumption of
renewable resources

More than nature's Environmental
ability to replenish degradation

State of environment Sustainability

Not sustainable

Equal to nature's ability Environmental Steady-state
to replenish equilibrium economy

Less than nature's ability Environmental Sustainable
to replenish renewal development




Social Sustainability

Reducing vulnerability and
maintaining the health (i.e.,
resilience, vigor and
organization) of social and
cultural systems, and their
ability to withstand shocks

Poverty and equity
are two important
issues, which have
social, economic and
environmental
dimensions






Economic Sustainability

Maximize the flow of income that
could be generated while at least
maintaining the stock of assets
(or capital) which yield this income




Safety and Health
Environmental Regulations
Global Climate Change
Access to Potable Water
Crisis Management
Environmental Justice

Clean Land, Air and Water
Emissions Reductions
Zero Waste, Release and Spills
Biodiversity

Diversity
Human Rights
Community Outreach
Indigenous Communities
Labor Relations

Resource Efficiency
Product Stewardship
Life Cycle Management
Products to Services

Job Creation
Skills Enhancement
Local Economic Impacts
Social Investments
Business Ethics
Security

Innovation
Capital Efficiency
Risk Management

Margin Improvement
Growth Enhancement
Total Shareholder Return




FRAMEWORKS

CRITICAL THINKING

SCENARIOS

VISUALIZATION

MAPPING

ANALYTICAL RELATIONSHIPS




TOOLS / RESOURCES

WORLD RESOURCES INSTITUTE WORLD BANK

EUROPEAN ENVIRONMENTAL AGENCY PREV AIR




INNOVATION

The following counting task is difficult and requires
silence and concentration.

The task measures selective attention.

Most people can complete the task successfully
If they try hard enough.




INNOVATION

“The Gorilla in the Room”

“Innovation . . . is generally
understood as the successful
introduction of a new thing or
method . . . Innovation is the
embodiment, combination, or
synthesis of knowledge in
original, relevant, valued new
products, processes, or services.”

--Luecke and Katz (2003)




INNOVATION

“The Gorilla in the Room”

 Massive amount of research and study of innovation
— Lead-user innovation
— Value creation vs. value capture
— Assessments of needs versus solutions
— Disruptive innovation

* Three major points to convey today

— The goal of innovation is to learn, not necessarily to
succeed

— Innovation involves making new and unique connections
— Innovation is a process rather than a product










CASE-BASED SOLUTIONS

unique, timely and relevant

ENVIRONMENTAL ENGINEERING,
SCIENCE AND MANAGEMENT

ENVIRONMENTAL AND
INNOVATIVE ENGINEERING

SLOAN SCHOOL OF
MANAGEMENT
(EXECUTIVE MBA)




SUSTAINABILITY
CASE STUDY EXAMPLES




MASDAR CITY

Masdar City is poised to become world’s most sustainable,
zero-waste, car-free, carbon neutral city




CREATING A CLEAR VIEW TO A SUSTAINABLE FUTURE




Solar energy passes through Solar laminate
OPV technology converts incident energy to electricity
Film provides direct electric input to the grid

SOLAR IS an energy
producing window film
installed on the inside of
commercial real estate
structures.




Commercial Real
Estate Applications

Finished
Products

Manufacturing
Process
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Materials and Consulting Solutions to Bring OPV Technology to Market

Laminate
\VEWISEIN




ECONOMIC JUSTIFICATION

UNIT ECONOMICS SCALE ECONOMICS (210k GSF)

Spectrally sensitive $202,000
SOLAR FILM film cost

Incremental cost to $143,000

install SolarView:
INCREMENTAL COST

Energy produced $39,000
annually:

TRADITIONAL FILM Payback period: 3.7 yrs

Benefit produced over
INSTALLED COST PER FT2 ($USD) system life: $772,000

5.4X return multiple over an expected 20-year life cycle.




Project Milestones & Economics













Sea Level Rise
Heat Waves
Intensity of Storm and Drought Events
Strength and Duration of Hurricanes
Species Extinctions
Ocean Acidification
Coral Reef Bleaching
Enhancement of Disease Vectors

Extreme Heat and Dry Years
Water Shortages
Sierra Nevada Snowpack Reduction
Bay Area Sea Level Rise
Agricultural Impacts
Air Quality Impacts
Decreasing Forest Yields
Shifts in Vegetative Cover
Increased Forest Fires
Stress on Local Ecosystems




California Climate Impacts
(over the past 100 years)

1.3 °F higher
temperatures

~7 inch sea level rise

12% decrease in
fraction of runoff
between April and July

Snowmelt and spring
blooms advanced 2
days/decade since

1955

Cal/EPA-OEHHA, “Environmental Protection Indicators for California” (2002),
www.oehha.ca.gov/multimedia/epic/Epicreport.html




Projected Global Warming Impact on California, 2070-2099
(as compared with 1961-1990)

2.5 - 4 times as many heat wave days
14 - 22 inches of sea level rise

70 - 80% loss in Sierra snowpack
30% decrease in forest yields (pine)
55% increased risk of large forest fires
10% increase in energy demand

2 - 2.5 times as many heat wave days

6 - 14 inches of sea level rise

30 - 60% loss in Sierra snowpack

7 - 14% decrease in forest yields (pine)

10 - 35% increased risk of large forest fires
3 - 6% increase in energy demand

Our Changing Climate: Assessing the Risks to California (2006), www.climatechange.ca.gov




Lyell Glacier

Yosemite National Park




Decrease In Sierra Nevada Snowpack

60

Lower Warming
Range (3—-5.5°F)

Medium Warming
Range (5.5 -8 °F)
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Higher Warming
Range (8 — 10.5 °F)

April 1 snow water equivalent (inches)
15 30 45

Our Changing Climate: Assessing the Risks to California (2006), www.climatechange.ca.gov




Decreasing Dairy Production

Lower Warming
Range (3 —5.5°F)

Medium Warming
Range (5.5 -8 °F)
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Higher Warming
Range (8 - 10.5 °F)

50

Source of data : Hayhoe et al. “Emissions pathways, climate change, and impacts on California”, PNAS (2004)




Decreasing Wine Grape Quality

Optimal

Marginal
Impaired || |I

Cool Central Wine Central
Coast Coast Country Valley

1961 - 1990 . Lower Warming gm Medium Warming Higher Warming
Levels Range (3 — 5.5 °F) B¥ Range (5.5-8°F) Range (8 — 10.5 °F)

|ncrea3ing GHG Emissions —

Source of data : Hayhoe et al. “Emissions pathways, climate change, and impacts on California”, PNAS (2004)




Increased Risk of Poor Air Quality

California Ozone
1-hr Standard

N
ol

(% increase from 1961 — 1990)
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San Joaquin Valley
Ozone Levels
(1995-1998)

Los San Joaquin
Angeles Valley

Days per year conducive to ozone formation

Ozone Concentration (ppm)

(] Lower Warming T Medium Warming
Range (3 -5.5°F) Range (5.5 - 8 °F)

Increasing —

GHG Emissions

Temperature (°F)

Our Changing Climate: Assessing the Risks to California (2006), www.climatechange.ca.gov







SIMULATION
A Systems Dynamics Perspective

©Cartoonbank.com




SIMULATION
A Systems Dynamics Perspective
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Systems Dynamics Fundamentals

RE-ENFORCING AND BALANCING LOOPS

RE-ENFORCING
Awareness
Appeal

BALANCING
Technology

Competition

STOCKS AND FLOWS




Basic Systems Dynamics Climate Model

CARBON CYCLE

ENERGY BALANCE
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developed developing A m® developing B

GOAL
Achieve emissions reduction commitments
to stabilize GHG levels by 2100 at a level
that limits global warming to no more than
2 °C above preindustrial Levels.

Three Rounds of Negotiation Agreement
Round A — 30 min Developed: 50% reduction
Round B — 20 min Developing A: 27% reduction, deforestation to .1
Round C - 10 min Developing B: 0% reduction, deforestation to 0









































































AIR POLLUTION




Air Pollutant Residence Times
and Extent of Impacts




JOHNS HOPKINS UNIVERSITY
ENGINEERING FOR PROFESSIONALS
AIR QUALITY CIRRICULUM

AIR RESOURCES
MODELING AND
MANAGEMENT

(575.720 - on-line)

CLIMATE CHANGE
AND GLOBAL
ENVIRONMENTAL
AIR QUALITY SUSTAINABILITY
CONTROL {575.711 - on-line)
TECHNOLOGIES
(575.721 -
classroom)




epidemiology / toxicology
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atmospheric structure and stability




Carbon Footprints and Action Plans




Local Impacts Assessments




Adaptation vs. Mitigation




Differentiation




Documentary Critical Reviews




Review of Relevant
Work of Non-Fiction




AIR POLLUTION CASE
STUDY EXAMPLES




AIR POLLUTION







