Energy: A Life Story
This week we are going to learn about energy…
This module emphasizes energy use in our shelter, transportation, food systems, and communications.
Presentation Developed by:
Hal S. Knowles, III, Change Agent & PhD Candidate, UF/PREC
With Support from: Kathryn Ziewitz & Kathleen Ruppert
Department of Family, Youth, and Community Sciences
The Program for Resource Efficient Communities
In cooperation with: Florida Energy Systems Consortium &
Extension faculty in Leon, Manatee, Marion, Osceola, Pinellas, and Wakulla counties
Image Source: http://visibleearth.nasa.gov/view.php?id=57723
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Goals for The Energy Section
Summarize these goals for the class. Mention that energy issues in transportation will be addressed in
Week 5 and energy and water issues in food and agriculture are being considered for future integration
into this course.
Outline for The Energy Section
• Review basics of energy literacy
• Review typical action steps for improved household management of energy flows
• Intersperse life stories from one or more Cooperative Extension Agents personal actions
• Provide inspiration for participant behavior change
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Caveats for Our Dialogue
In the spirit of thinking critically, I’d like to provide a few caveats for our dialogue today.
• Each of us know nothing outside our own personal life story
o As such, I have no definitive recommendations… merely pointers toward that which I have
experienced
• Your mileage may vary
o But you’ll never know until you try
• I cannot teach you anything you do not already know
o At best, I can only plant the seeds of doubt
o Whether they take root depends on how you nurture the soil of your mind
o For all change grows from the seeds of doubt
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The Importance of Critical Thinking
“Whenever we think, we think for a purpose, within a point of view, based on assumptions, leading to
implications and consequences. We use concepts, ideas, and theories to interpret data, facts, and
experiences in order to answer questions, solve problems, and resolve issues.”
Most of us don’t walk around everyday conscious of our own thought processes. Yet, just because a
thought arises doesn’t necessarily mean we must allow ourselves to run with it. So how can we become
more critical and more conscious thinkers by improving our ability to filter the noisy thoughts worth seeing
through from the coherent thoughts worth manifesting in our daily lives? With practice…lots and lots of
practice. But critical thinking can be the best kind of practice as it can help us to see through the dogma of
our daily lives, whether it’s someone else’s bark or the very growl of our own admittedly biased
assumptions.
The interactive website displayed on this slide is a great place to learn more about this process and the
benefits it can bring to your life and the lives of others. For the remainder of our discussion today, I ask that
you bring an open and inquisitive mind. Question what you hear me say. Question the very thoughts that
arise within your own mind.
http://www.criticalthinking.org/ctmodel/logic‐model1.htm#
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Saul Griffith’s Story
While you’ll hear vignettes from my life and that of other Cooperative Extension Agents today, I’d like to
also share with you this excellent 30 minute personal energy story from a brilliant and inspired scientist.
Inventor, engineer and MacArthur Genius Grant‐winner, Saul Griffith thought he was an eco‐prude until he
audited his total power consumption and learned he burns three times the energy as the average
European. So, he developed Wattzon.com, a free, online tool we can use to gauge our energy footprints
and learn how to reduce our roles in climate change.
Source: http://www.poptech.org/popcasts/saul_griffith_audits_energy_use
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Energy Literacy: Essential Principles
1) Energy follows natural laws
2) Earth is a self organized system of energy flows
3) Life depends on the Earth’s energy flows
4) Humanity is powered by diverse energy sources
5) Energy opportunities are defined by ecology, society, & economy
6) Energy use is complex & multifaceted
7) Energy choices affect the quality of all life
As mentioned within the closing thoughts of this energy section, I think that “natural laws” or more like
“natural habits” as there are no definitive, enduring truths within science. While some habits seem
intractable, they are merely self‐referential, repeating patterns. While our personal habits in this
phenomenal, grounded world of matter and energy must abide by these natural habits, our personal
dreams and desires in the noumenal, ethereal world of thoughts and potentiality can imagine a better
future yet to be realized. (http://en.wikipedia.org/wiki/Noumenon)
http://library.globalchange.gov/products/other/energy‐literacy‐essential‐principles‐fundamental‐concepts‐
for‐energy‐education‐high‐resolution‐booklet
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Energy Is the Ability To Do Work
Energy comes in different forms:
• Heat (thermal)
• Light (radiant)
• Motion (kinetic)
• Electrical
• Chemical
• Nuclear energy
• Gravitational
Energy is in everything. We use energy for everything we do, from making a jump shot to baking cookies to
sending astronauts into space…to simply thinking.
There are two types of energy:
• Stored (potential) energy
• Working (kinetic) energy
So if energy is the ability to do work, does this mean with a big enough hammer and chisel we can make
nearly any size square peg fit into a round hole? And what do we mean by this question anyway?
Fundamentally, the cheap, easily accessible, incredibly energy dense, but temporary gift of carbon and
hydrocarbon energy resources has allowed us to design modern society with brute force. Cultural traditions
or lessons learned from past iterations of products and services need not apply any longer. The way we
grow‐harvest‐ship‐prepare‐eat our food, the form and function of our buildings, the pattern of our urban
footprint, and our modes of mobility are all based on this historically anomalous era of fossil fuel energy.
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Energy Literacy: Fundamental Concepts of Essential Principle #1
1. Energy…
i.

Transfers & transforms across systems

ii. Uses convection, conduction, & radiation to cross thermal gradients
iii. ≠ created nor destroyed
iv. Loses waste heat during transfer (entropy)
v. Takes many forms
vi. Flows from nuclear & chemical reactions
vii. Has many measurement units
viii. Can be measured through time as power (Joules/second)
Take note of the three types of energy flows across material systems via gas, liquid, solid, and plasma forms
of matter. These directly affect your home as a system.
Narrative Adapted From: http://library.globalchange.gov/products/other/energy‐literacy‐essential‐
principles‐fundamental‐concepts‐for‐energy‐education‐high‐resolution‐booklet
Image Source: http://www.houleinsulation.com/images/appleagte_facts_1_large.jpg
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Energy Literacy: Fundamental Concepts of Essential Principle #2
2. The Earth…
i.

Exists as an ever‐changing energy flux

ii. Is powered by sunlight, gravitational potential, radioactive decay, & rotational forces
iii. Maintains solar driven climate and weather
iv. Uses water as a critical energy storage & transfer medium
v. Moves matter across reservoirs via internal & external energy sources
vi. Harbors greenhouse gas affected energy flows
vii. Has long‐memory energy feedbacks
Take note of the energy and water flows of this diagram of one mix of ecosystems on Earth. Energy and
water flows have a deep relationship to each other within ecosystems. Later in this section we’ll learn
about their relationship within human civilization.
Narrative Adapted From: http://library.globalchange.gov/products/other/energy‐literacy‐essential‐
principles‐fundamental‐concepts‐for‐energy‐education‐high‐resolution‐booklet
Image Source: http://www.climatescience.gov/Library/stratplan2003/final/annexc‐figure5‐1.htm
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Energy Literacy: Fundamental Concepts of Essential Principle #3
3. Earthly Energy Flows into Life…
i.

Through sunlight

ii. Which generates molecular biofuel
iii. Across dissipative food chains/webs
iv. Nested along hierarchically structured scales
v. Distributed & organized according to the availability of energy & matter
vi. Affected by all users (including humans) both within & across scales
Take note of the energy flows across the ecosystem. From the producers which use direct sunlight, to the
primary consumers of their solar driven plant biomass, to the secondary consumers of their animal
biomass, at each step up in the food web, energy is concentrated by an order of magnitude (or a power of
10). In other words, for every 1,000 watts of solar energy consumed by plants, only 100 watts is transferred
as productive power to the primary consumers, only 10 watts is transferred to the secondary consumers,
and only 1 watt is transferred to the tertiary consumers, etc.
Narrative Adapted From: http://library.globalchange.gov/products/other/energy‐literacy‐essential‐
principles‐fundamental‐concepts‐for‐energy‐education‐high‐resolution‐booklet
Image Source:
http://legacy.owensboro.kctcs.edu/gcaplan/eco/note%20withgott/eco%20note%20f%20chemistry%20&%
20environment.htm
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Energy Literacy: Fundamental Concepts of Essential Principle #4
4. Human Actions Are Powered…
i. By diverse energy sources with spatially & temporally variable stocks & flows
ii. According to limits & constraints inherent to each source
iii. Mostly by sunlight (which often bathed the Earth long, long ago)
iv. Across vast distances through distribution networks
v. Often via electricity generated in multiple ways
vi. Linked to intentional storage technologies
vii. By differential energy transformation, transportation, & storage leading to correlated costs &
benefits
Take note of the various sources of U.S. Energy as well as their various major uses. The thickness of the
lines in this flow chart are proportional to the size of each energy flow. What do you see? What are the
major sources of residential energy use? What about transportation? How efficiently does the U.S.
economy use its energy?
Narrative Adapted From: http://library.globalchange.gov/products/other/energy‐literacy‐essential‐
principles‐fundamental‐concepts‐for‐energy‐education‐high‐resolution‐booklet
Image Source: http://en.wikipedia.org/wiki/File:LLNL_US_Energy_Flow_2009.png
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Energy Literacy: Fundamental Concepts of Essential Principle #4
4. Human Actions Are Powered…
i. By diverse energy sources with spatially & temporally variable stocks & flows
ii. According to limits & constraints inherent to each source
iii. Mostly by sunlight (which often bathed the Earth long, long ago)
iv. Across vast distances through distribution networks
v. Often via electricity generated in multiple ways
vi. Linked to intentional storage technologies
vii. By differential energy transformation, transportation, & storage leading to correlated costs &
benefits
Take note of the various sources of Florida energy as well as their various major uses. The thickness of the
lines in this flow chart are proportional to the size of each energy flow. What do you see? What are the
major sources of residential energy use? What about transportation? How efficiently does the U.S.
economy use its energy?
Narrative Adapted From: http://library.globalchange.gov/products/other/energy‐literacy‐essential‐
principles‐fundamental‐concepts‐for‐energy‐education‐high‐resolution‐booklet
Image source: http://en.openei.org/wiki/FRee_Energy_Data_(FRED)
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Energy Literacy: Fundamental Concepts of Essential Principle #5
5. Ecological, Societal, & Economic Factors of Human Energy Decisions…
i. Are made at many levels across diverse processes
ii. Create infrastructure with inertia
iii. Can be optimized through systems‐based approaches
iv. Collectively interrelated across nested panarchies such as ecology, society, economy, politics, etc.
Take note of how systems all flow through a continuous loop of stages referred to as the “adaptive cycle.”
Each adaptive cycle both houses an infinite number of sub‐nested “slower and faster” systems within it and
is also but one of an infinite number of supra‐nested systems that aggregate into “larger and slower”
systems. The chart on the bottom left shows the temporal (i.e., time duration) and spatial (measured size)
of some hypothetical nested adaptive cycles. This diagram references some stages within ecosystem cycles,
but even things like your heart beat, your wake/sleep cycle, a women’s menstrual cycle, and the human
lifespan, are examples of nested cycles within our own bodies…which are nested within larger systems.
Narrative Adapted From: http://library.globalchange.gov/products/other/energy‐literacy‐essential‐
principles‐fundamental‐concepts‐for‐energy‐education‐high‐resolution‐booklet
Image Source: http://dx.doi.org/10.1016/j.geomorph.2005.09.004
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Energy Literacy: Fundamental Concepts of Essential Principle #6
6. Energy Use is Complex & Multifaceted
i. Conservation of energy has 2 meanings (natural & social)
ii. Energy efficiency & conservation behavior = negawatts
iii. Human energy demand is increasing
iv. All energy sources have limits in space & time
v. Socio‐techno innovation affects energy use
vi. Behavior is expressed via mix of internal cues (thoughts, genes, etc.) & external cues (environment,
epigenome, etc.)
vii. Goods & services contain embedded life cycle energy
viii.Energy use can be monitored, measured, & verified
Narrative Adapted From: http://library.globalchange.gov/products/other/energy‐literacy‐essential‐
principles‐fundamental‐concepts‐for‐energy‐education‐high‐resolution‐booklet
Image Source: http://www.eia.doe.gov/emeu/aer/pdf/perspectives_2009.pdf
Energy Eras in Human History
1. Sun. Fueled hunter gatherer societies: chemical food energy.
2. Wood. Useful since discovery of fire. Perennial “biomass’” fuel source and the major fuel for more than
half our nation’s history; still major source worldwide. Shortages have caused past energy crises:
Greeks, Romans. By the end of the fifth century BC, forests in Greece were becoming depleted of
firewood and Grecians began exploiting olive trees for making charcoal to heat homes. Around the time
that a ban on using olive for fuel went into effect, Grecians began to build new homes to take
advantage of solar energy for winter‐time heating, cutting down on the need for fuel from wood. Later,
Romans also constructed buildings, greenhouses, and bathhouses to exploit solar energy.
3. Coal. Fuel of industrial revolution; Abundant, cheap, and dirty; still supplies around one‐quarter of US
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energy. Coal use has expanded recently as the primary source of electric power
generation.
4. Petroleum. Surpassed use of coal by mid‐1900s. In the span of human history, our use of
petroleum has been recent. But discovery of petroleum has had amazing impact upon
recent human history. This convenient, exceptionally powerful hydrocarbon has
revolutionized our lives in most arenas. Petroleum has shaped where we live, the food on
our plates, how we transport ourselves. It has influenced domestic and foreign policy.
Natural gas consumption experienced rapid growth in the second half of the 20th century
and is an even more important fuel in Florida than across the nation. However, natural
gas is still second to petroleum.
5. Future?? Research is underway relative to all the historic fuel sources, and to expanding
to find new ones. Ultimately, humanity should aim to use energy in line with the natural
daily stocks and flows…instead of building our collective civilization on mere fossilized
sunlight.
“The Nation’s energy history is one of large‐scale change as new forms of energy develop.
Wood served as the primary form of energy until about 1885, when it was surpassed by coal.
Despite its tremendous and rapid expansion, coals was in turn overtaken by petroleum in the
middle of the 20th century. In the second half of the 20th century, natural gas experienced
rapid deve3lopment, and coal began to expand again. Late in the century, still other forms of
energy‐hydroelectric power and nuclear electric power – were developed and supplied
significant amounts of energy.” (Caption for Figure 5)
Quote Source: Annual Energy Review 2009 (Report No. DOE/EIA‐0384(2009)
Graphic Source: http://www.eia.doe.gov/emeu/aer/pdf/perspectives_2009.pdf (p. 2)
Course Leader Info.
The information on past energy crises comes from Botkin et al., Environmental Science, page
352. Main Point: Human societies have always been challenged to obtain energy. Past
societies have even faced energy crises, as the example from Greece and Rome show.

14

Energy Literacy: Fundamental Concepts of Essential Principle #7
7. Energy Choices Affect All Humanity
i. Economic security
ii. National security
iii. Environmental quality
iv. Quality of life across populations
a. Via increasing demand & diminishing supplies of non‐renewables
b. Via differential access
c. Via differential vulnerability to impacts of energy choices
Like in the previous slide about the Earth’s energy and water flows, take note of how the energy and water
flows in the human technosphere. We’ll discuss this a bit more in later slides.
Narrative Adapted From: http://library.globalchange.gov/products/other/energy‐literacy‐essential‐
principles‐fundamental‐concepts‐for‐energy‐education‐high‐resolution‐booklet
Image Source: http://www.epa.gov/climatechange/impacts‐adaptation/energy.html
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Hydrocarbon Human
Okay, now I have to be honest and admit that the last number of 330 miles in the VW bus is mildly
deceptive because that is based on how many miles can be driven using gasoline from a barrel of oil.
However, crude oil contains considerably more productive energy than the 19.4 gallons of gasoline
commonly refined from one barrel. Beyond the approximately 50% of energy refined into gasoline, the
other half of each barrel is also used to make other products such as diesel fuel & heating oil, jet fuel,
heavy fuel oil, propane, asphalt & road oil, petrochemical feedstocks and other products for a wide variety
of modern consumer goods and services. A few of the goods made available by petroleum are laid out here
in this photo of one family’s story in the era of hydrocarbon humans.
From the diversity of products that can be made from crude oil to its energy density (joules per gram) to its
low cost, wide availability, ease of transport, and
What makes crude oil so important to modern society? A few of the factors include the following:
• Energy intensity—more joules per gram.
• Ease of transportation and storage.
• Usefulness of hydrocarbons for creating multitude of products.
Using fossil fuels enables us to achieve much more, with less personal effort.
Relative to people who must use personal energy, or other less energy‐packed fuels to accomplish work,
we are living like kings and queens. In sum, life as we know it today rests upon heavy fossil fuel
dependence.
What’s the relationship between this salad and oil???
Lots of oil has to be used to bring this salad to our neighborhood grocery stores:
Example:
To get 80 calories of food energy…Takes more than 4,600 calories of fossil fuel energy for: (1) growing;
(2) chilling; (3) washing; (4) packaging; and (5) transporting a 1‐lb box of organic salad to a plate on the
East Coast.
So that comes out to 57 calories of fossil fuel energy for every calorie of food—a ratio of 57:1.
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Point: it takes energy to get energy (and laws of thermodynamics mean inputs are always
greater than outputs).
Image Source: http://www.sarahleen.com/Sarah_Leen/Work/Pages/Beyond_Oil.html#2
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The Consumer’s Guide to Effective Environmental Choices: Practical Advice from the Union of Concerned
Scientists
Authors: Michael Brower and Warren Leon
Publisher: Three Rivers Press, New York, New York ©1999
This book is a resource to help consumers make more sustainable choices. The researchers aimed to cut
through the fluff of conventional wisdom and to get to the heart of the consumer experience and its
associated environmental, social, and economic costs. Should consumers use paper, plastic, or reusable
shopping bags? Should parents use cloth or disposable diapers? Or should consumers stop sweating the
small stuff and start thinking more critically about the big choices and their lasting effects? This book
defines and summarizes the four leading consumption‐related environmental problems of our age and the
seven most harmful consumer activities contributing to these problems.
Four (4) Leading Consumption‐Related Environmental Problems (Page 44)
#1: Air Pollution
#2: Climate Change
#3: Habitat Alteration
#4: Water Use & Pollution
Seven (7) Most Harmful Consumer Activities (Page 50)
• Cars and light trucks
• Meat and poultry
• Fruit, vegetables, and grains
• Home heating, hot water, and air conditioning
• Household appliances and lighting
• Home construction
• Household water and sewage
Image Source: A couple shopping for energy efficient appliances. Green shopping, energy efficiency.
August 2010 IFAS Extension Calendar Image. UF/IFAS Photo by Tyler Jones.
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The Consumer’s Guide to Effective Environmental Choices: Practical Advice from the Union of Concerned
Scientists
Authors: Michael Brower and Warren Leon
Publisher: Three Rivers Press, New York, New York ©1999
Four (4) Leading Consumption‐Related Environmental Problems (Page 44)
#1: Air Pollution
Air pollution is different than climate change. This deals with localized smog and other particulate
pollutants from cars, power plants, and other sources. In some regions where air pollution is prevalent,
they have enacted strict rules to control potential sources. California has “Air Basins” similar to Florida’s
Water Management Districts. In California’s central valley, developers have to reduce air pollution by
planning smarter communities…or they pay an impact fee to mitigate for the damages.
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The Consumer’s Guide to Effective Environmental Choices: Practical Advice from the Union of Concerned
Scientists
Authors: Michael Brower and Warren Leon
Publisher: Three Rivers Press, New York, New York ©1999
Four (4) Leading Consumption‐Related Environmental Problems (Page 44)
#2: Global Warming
In this graphic on the left, from the book Ecosystems of Florida, you can see how the shoreline of Florida
has changed over thousands of years as the climate has varied between glacial periods. When viewed, one
can understand how dramatically Florida’s landmass has changed in recent geological history.
4 major waves of Pleistocene glacial ice formation & retreat
A. Wicomico shoreline (early pleistocene 110,000 YBP)
B. Present Coastline
C. Wisconsinan glacial shoreline ( ~ 20,000 YBP)
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The Consumer’s Guide to Effective Environmental Choices: Practical Advice from the Union of Concerned
Scientists
Authors: Michael Brower and Warren Leon
Publisher: Three Rivers Press, New York, New York ©1999
Four (4) Leading Consumption‐Related Environmental Problems (Page 44)
#3: Habitat Alteration
Florida is 38.3 million acres. By 2060, one model estimates we will increase urban land use by 115%
replacing 7.0 million acres currently used for agricultural or other undeveloped uses such as wildlands.
To Date:
• Florida’s land area = 42% agricultural & urban
o 450‐acres forest & 410‐acres farmland cleared to make room for 1,000 new residents/day
• From 1982 – 1997:
o Urbanized land  34% nationally
o Urbanized land  58% in Florida
 In other words, Florida is urbanizing 70% faster than the national average
• Human activity has destroyed over 1/3 of Florida’s native habitats
• Florida 2060 Report
• Commissioned by the 1,000 Friends of Florida
• The University of Florida GeoPlan Center performed the “population distribution scenario modeling”
and the Center for Quality Growth & Regional Development at the Georgia Institute of Technology
provided guidance to state leadership and citizens on how to deal with this growth in a more
proactive manner.
Land use study (based on 4 key assumptions):
• Assumed Bureau of Economic & Business Research moderate population projection from 2005 to
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2060
• Assumed gross urban density of developed lands remains the same as 2005 in each
county
• Used 8 criteria to determine most suitable lands for development
o Most heavily weighted criteria were:
 Proximity to existing urban roads
 Road density
 Absence of wetlands
• Assumed no new conservation lands added (due to lack of reliable projections)
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The Consumer’s Guide to Effective Environmental Choices: Practical Advice from the Union of Concerned
Scientists
Authors: Michael Brower and Warren Leon
Publisher: Three Rivers Press, New York, New York ©1999
Four (4) Leading Consumption‐Related Environmental Problems (Page 44)
#3: Habitat Alteration
• Florida’s land area = 42% agricultural & urban
o 450‐acres forest & 410‐acres farmland cleared to make room for 1,000 new residents/day
• From 1982 – 1997:
o Urbanized land  34% nationally
o Urbanized land  58% in Florida
 In other words, Florida is urbanizing 70% faster than the national average
• Human activity has destroyed over 1/3 of Florida’s native habitats
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The Consumer’s Guide to Effective Environmental Choices: Practical Advice from the Union of Concerned
Scientists
Authors: Michael Brower and Warren Leon
Publisher: Three Rivers Press, New York, New York ©1999
Four (4) Leading Consumption‐Related Environmental Problems (Page 44)
#4: Water Use & Pollution
Harmful Algal Blooms
Over the last several years, concern has grown in Florida about the potential public health threat from
harmful algal blooms (HABs). In general, researchers believe that freshwater algal blooms are increasing in
frequency, duration, and magnitude and therefore may be a significant threat to surface drinking water
resources and recreational sites (Williams, April 14, 2004). Typically caused by excess nutrients, these
blooms may produce toxins that can harm humans through exposure to contaminated fish, dermal contact,
and even the inhalation of aerosols.
Blue‐green Algae
A relatively new issue of concern in Florida is the presence of the toxigenic blue‐green algae called
cyanobacteria and their production of cyanotoxins. Blooms of cyanobacteria are due, in most part, to
high nutrient loads; slow‐moving waters; and hot, humid, and stagnant conditions. Cyanotoxins are
naturally produced chemicals that can cause liver, brain, and skin toxicity. Several cyanotoxins, namely
microcystins and the lyngbyiatoxins, have been implicated as tumor promoters (Williams, April 14,
2004). Cyanobacteria were on the EPA’s1998 Contaminant Candidate List (CCL), which is used to
prioritize research and make regulatory determinations. Since the CCL was developed, the EPA has
placed a number of the microcystin toxins on its “Unregulated Contaminant Monitoring Rule – List 3”
for a more detailed investigation into these toxins’ occurrence and health impacts. Although no formal
decision has been made to date, this nationwide monitoring would take place after 2005.
Potentially toxigenic cyanobacteria have been found statewide, including river and stream systems such
as the St. Johns, Caloosahatchee, Peace, and Kissimmee Rivers. The Cyanobacteria Survey Project
(1999–2001), managed by the Harmful Algal Bloom Task Force at FMRI, indicated that the species of
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Microcystis, Anabaena, and Cylindrospermopsis were dominant, while Aphanizomenon,
Planktothrix, Oscillatoria, and Lyngbya were also observed statewide but not as
frequently. Cyanotoxins (microcystins, cylindrospermopsin, and anatoxina) were also
found statewide. A quota of 25 samples was collected in each water management
district.

This image show blue‐green algae blooms that occurred in mid‐August and again in
September 2005 in the St Johns River which is now considered an impaired water body ...
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The Consumer’s Guide to Effective Environmental Choices: Practical Advice from the Union of Concerned
Scientists
Authors: Michael Brower and Warren Leon
Publisher: Three Rivers Press, New York, New York ©1999
How Does Human Consumer Behavior Affect the Systems Around Us?
An excellent book written by the Union of Concerned Scientists in 1999 attempted to determine the major
environmental challenges humanity faces and the most influential consumer activities a human undertakes
to either magnify or diminish these environmental impacts. On the next slide I’ll talk about this relationship
in just a bit more detail, but here we show the seven categories of the most influential choices. From a
sustainability perspective, these are fundamentally the seven most important realms of your life that you
have the power to change for the better.
Seven (7) Most Harmful Consumer Activities (Page 50)
• Cars and light trucks
• Meat and poultry
• Fruit, vegetables, and grains
• Home heating, hot water, and air conditioning
• Household appliances and lighting
• Home construction
• Household water and sewage
Image Source: http://www.epa.gov/otaq/gifs/420s06003pg5.gif
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What is Sustainability?
Despite the cliché, it’s important to remember that sustainability is not a destination, but rather a
journey…specifically a problem solving journey. Problems are subjective, though always collective, and will
never cease arising. That thought can bring us down or inspire us to live fully and presently in the balanced
imperfection of this beautiful moment. I’ve gone through my own stages of sustainability grieving and
come out on the other side a calmer, happier, and more dedicated person. Where I once may have
participated in the sustainability movement out of fear of an uncertain, seemingly hostile future, I now act
on the love of this web of life and my place within it.
I think that the sustainability movement will evolve into something more defined by the concepts of
resilience and adaptive capacity. We’ll mature past the point of trying to sustain, or hold onto, those
transient things in this moment that we most identify with at interpersonal as well as nation‐state levels
and into a regime of improving our ability to cope with the uncertainty in the inevitable changes happening
around us. The future is yet to be written. May we all find our muse.
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Where to Begin?...Some Steps
With all the sustainability problems that energy presents, it can be overwhelming to know where to start.
Some actions definitely make more sense than others….
1. The first step is both the easiest and the hardest. It requires nothing more than your own self‐reflection
and a willingness to know your own psychological, physiological, and material limits. It will take
mindfulness and will be a day to day battle. It is called sufficiency, which is the art of knowing “enough”
when “more” is possible. Think about it in the same way you do dessert…it may be offered at every
meal, breakfast, lunch, and dinner when you are eating out, but do you want, or should you want,
dessert at every meal…what about even every day? This idea of sufficiency is deeply tied to how we
“commune” or communicate and make meaning of our place in the world.
2. The most timely changes in our energy consumption are actually those that can be achieved through
conservation. It turns out that changing to Compact Fluorescent bulbs is actually a much more
powerful step than people might imagine (including author Michael Pollan, writing in the piece, “Why
Bother?” from page 16 in the book—who was disheartened to hear the suggestion for dealing with
climate change being to change light bulbs).
The reason that conservation is a powerful step is that it can be multiplied by many people. Researchers
argue that while much‐needed policy changes at national and international levels are important, in the
meantime, individuals can make differences through existing technologies alone that would add up to
20 percent reductions in their household energy use.
3. Improving efficiencies will make a big difference, whether for appliances, cars, or power plants
themselves. Keeping in mind the laws of thermodynamics, there are lots of gains to be had simply by
making gains on efficiency. For example, more efficient air conditioners could make a huge difference—
since researchers think they can improve efficiencies by many times over
4. In this session, we won’t have time to get into detail discussing developments in alternative energy and
energy policy. However, there are exciting beginnings in alternative energy in our state, from building
large‐scale solar photovoltaic systems, to exploring how to capture the energy in waves, to a number of
efforts to explore growing non‐food crops for biomass, including algae. One thing to keep in mind is
that these technological efforts will take years of time and investment to bring on line.
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Course Leader Information
A recent study calculated savings that could be achieved using existing technologies, such as
programmable thermostats and Energy Star appliances, and by adopting simple behaviors
such as slowing down while driving and adjusting water heater thermostats. The study found
that national implementation of 17 such household actions could save an estimated 123
million metric tons of carbon per year in year 10, which is 20% of household direct emissions
or 7.4% of U.S. national emissions, with little or no reduction in household well‐being.
The figure on potential household savings is from an article in the on‐line Proceedings of the
National Academy of Sciences: “Household actions can provide a behavioral wedge to rapidly
reduce U.S. carbon emissions.” Thomas Dietz, Gerald T. Gardner, Jonathan Gilligan, Paul C.
Stern, and Michael P. Vandenbergh. Edited by Elinor Ostrom, Indiana University,
Bloomington, IN, and approved September 11, 2009 (received for review August 2, 2009)
18452–18456 PNAS November 3, 2009 vol. 106 no. 44. Available at:
www.pnas.orgcgidoi10.1073pnas.0908738106
The authors say, “The potential of household action deserves increased policy attention.
Future analyses of this potential should incorporate behavioral as well as economic and
engineering elements….We focus on U.S. households because they are a major emitter and
because there is a significant body of knowledge about the potential to achieve near‐term
reductions in that sector.”
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A Flow Chart of the Human Endeavor…and Life In General
Drilling down a bit more from the previous slide about these seven human activities, we’ve got this
diagram to show the larger relationships. On the left are the most simplified forms of resources that
underpin all living systems. The stocks of energy, water, and matter (or material) resources are effectively
the stores of these resources available for use by living systems. Their flow rates and cycling times are
complex and interdependent.
While the sun bathes the Earth in a reasonably predictable amount of solar energy continuously as the
planet rotates, ancient forms of stored sunlight in the form of biomass derived fossil fuels (like oil, natural
gas, and coal) have a much different flow rate and cycling time. Effectively the are nonrenewable because
the rate at which humanity harvests and transfers these energy stores into waste heat is exceedingly faster
than the rate at which these stores of ancient sunlight are accumulated. Whereas renewable energy
sources are tapped more in tune with the rate at which they are produced through these complex system
interactions.
These stocks, flows, and cycles of energy, water, and matter make possible the four key actions undertaken
by all living organisms: to eat and drink, to dwell, to move, and to commune. Stated in the form of nouns
instead of active verbs, these are food and water, shelter, mobility, and community. The procurement of
these actions come through five stages of goods and services: production, processing, distribution,
consumption, and post‐consumption (or waste conversion). The quality of this procurement process and
these five stages as they enable these actions leads to a diversity of system states and outcomes across the
previously discussed nested adaptive cycles. Like the proverbial yin‐yang of Taoism, every state has the
potential for a positive and/or negative outcome.
• Sustainability: Anti‐fragility (one extreme) or resilience (middle of continuum) or fragility (other
extreme)
• Livelihood: Opportunity or constraint
• Health: Wellbeing or malaise
• Equality: Fairness or injustice
• Capacity: Adaptiveness or maladaptiveness
The positive and negative outcomes of these living system states lead to changes within the various larger
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Earth system states through changes and exchanges of energy, water, and matter. The nine
negative Earth system states shown in the circles at the bottom are the biggest challenges
and potential tipping points that humanity faces. In many ways, how and to what ends we
use energy is the prime mover in this entire equation.
A diseased environment is but a reflection of a collective sickness within society. The healing
of both begins first within each of us. I believe people are coming into this way of seeing and
a quickening is afoot. Though most of our work revolves around the housing sector, the
fundamental goal of Sustainable Floridians is to optimize wellbeing in how humans dwell,
move, eat, and commune. The nature of these four actions is the root of human happiness
as well as human misery. For over 99% of human history, approximately 76,000 generations
if we include homo habilis, our shelter, our mobility, our food, and our community were
generally provisioned in accord with the ebb and flow of energy, water, and material
resources cycling in flux with the spin of the planet (days) and our orbit around the sun
(years). Yet, in the less than 400 generations since the agricultural revolution and the less
than 10 generations since the industrial revolution, we’ve reached ever further back into this
flux such that we now provision these actions from cycles spanning many millennia (1,000s
of years) and more.
Stated more simply, I believe humans today live in a state of perpetual stress because we are
changing our reality faster than our genetic history has evolved to cope. The feedbacks
between our social sphere and the biosphere are in a state of dissonance. So in response to
your career in sustainability, I ask you these questions…what are you?…and what is your
responsibility to yourself? Your response may help to dissolve this dissonance as well as
redefine your happiness. Changing our own personal behavior to live in tune with the rhythm
of the natural world that envelops us is the greatest service we can provide to ourselves and
thus to the sustainability movement overall.
“A human being is a part of a whole, called by us, universe, a part limited in time and
space. He experiences himself, his thoughts and feelings as something separated from the
rest… a kind of optical delusion of his consciousness. This delusion is a kind of prison for
us, restricting us to our personal desires and to affection for a few persons nearest to us.
Our task must be to free ourselves from this prison by widening our circle of compassion
to embrace all living creatures and the whole of nature in its beauty.”
‐ Albert Einstein
At this point I believe profound climate change is inevitable and cannot be avoided. However,
I think this inevitability will take one of two forms. Either the Earth’s physical climate changes
into something that human beings have never known or the human social climate changes
into something the Earth has never known. Neither path is easy nor painless. One sustains
who you think you are at the expense of the Earth. The other sustains the Earth as we
currently know it at the expense of who you think you are. One of the two will undergo a
form of death and rebirth, but the choice is up to each of us. I’ve decided to let go of my own
ego to the best of my ability in order to allow myself to change in response to the Earth’s
systems instead of forcing changes on the systems that sustain me. I hope you will find it in
your hearts to join me.
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How We Dwell
We’ll start our discussion of these human activities, with how we dwell.
Seven (7) Most Harmful Consumer Activities (Page 50)
•

Cars and light trucks

•

Meat and poultry

•

Fruit, vegetables, and grains

•

Home heating, hot water, and air conditioning

•

Household appliances and lighting

•

Home construction

•

Household water and sewage

The Consumer’s Guide to Effective Environmental Choices: Practical Advice from the Union of Concerned
Scientists
Authors: Michael Brower and Warren Leon
Publisher: Three Rivers Press, New York, New York ©1999
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Importance of Residential Energy Use:
$241 billion. That's how much is spent every consumers spend each year on energy for home use. About 1
in 5 of the nation's energy dollars is spent in homes. Energy efficiency improvements could cut this number
by well over half. Floridians consume more energy to power their dwellings than they do in their vehicles
(State energy profile in order: 1. households; 2. commercial; 3. transportation).
90% of your time. That's the proportion of the average American's time spent indoors. The quality of
indoor air is often worse than the air outside. Moisture and gasses from building materials are some of the
many invisible sources of indoor air pollution. When done right, energy efficiency upgrades will also
improve indoor air quality and make your home safer and more comfortable.
1.2 billion tons of greenhouse‐gas emissions. That's what is emitted (as carbon dioxide) into the
atmosphere as a byproduct of making the energy to power U.S. homes. Every single thing done to save
energy at home trims these emissions.
Did you know that the typical U.S. family spends about $1,900 a year on home utility bills? Unfortunately, a
large portion of that energy is wasted. And each year, electricity generated by fossil fuels for a single home
puts more carbon dioxide into the air than two average cars.
Right in your own home, you have the power to reduce energy demand, and when you reduce demand,
you cut the amount of resources, like coal and gas, needed to make energy—that means you create less
greenhouse gas emissions, which keeps air cleaner for all of us...and saves on your utility bills! Plus,
reducing energy use increases our energy security. Source: http://hes.lbl.gov/consumer/learn
40% or more of a typical Florida home's energy use is the heating, ventilation and air‐conditioning (HVAC)
system, the largest portion of which is devoted to cooling.
13–17% of your home's energy use is in heating water.
Nicholas Taylor, M. Jennison Kipp, Kathleen Ruppert. Energy Efficient Homes: Easy Steps to Improving Your
Home's Energy Efficiency. 2008.
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Today: Housing (Monoculture)
Housing today is a monoculture of nearly identical homes that are often not very adapted to the
surrounding systems within which they are embedded.
Image Source: http://www.flickr.com/photos/r80o/62199526/sizes/m/in/photostream/
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Long Ago: Housing (Resilient & Adaptive)
Our ancestors once created dwellings that did not only fit within the systems around them, but they were
also highly resilient and adaptive to the uncertain and highly variable changes that may come with these
systems. This tepee is made from local materials, can be easily repaired, and can be quickly moved to a
new location as conditions may dictate.
Do you see any other resilient and adaptive features of this dwelling style?
Image Source: http://www.old‐picture.com/indians/Indian‐Tepee.htm
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Yesteryear: Housing (Place‐Based)
Our great grand parents lived in dwellings such as this Florida cracker house. While this type of
construction had clearly lost some of the more resilient and adaptive features of the tepee, it was still
thoughtfully connected to its surrounding systems. The “dogtrot” open breezeway between the two main
living spaces in the structure on the right allowed for cooling airflow to pass through all rooms of the
structure. The elevated floors built on piers allowed for cool air to collect beneath the dwelling further
assisting space conditioning. The vaulted roof line allowed the hot air to rise up and away from the lower
living space. A cupola at the roof ridge, as often seen in cracker construction, would enable this hot air to
be released in the summer and trapped for use in the winter. The building on the left is the kitchen and its
separation from the main living quarters allowed for better management of the hot, humid air that collects
in our kitchen spaces.
Do you see any other place‐based features of this dwelling style?
Image Source: http://www.myparkphotos.com/51878/photographs.html
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Tomorrow: Housing (Form Befitting Modernity, Function Informed by Antiquity)
Our children may live in dwellings like this forward‐thinking reinterpretation of the Florida cracker dogtrot
home. This model home was the University of Florida’s entry into the 2010 International Solar Decathlon. It
incorporates many of the features previously described in the last slide as well as the modern amenities of
systems, appliances, and solar electricity.
Do you see any other beneficial features of this dwelling style?
Image Source: Team Re‐Focus” poses for a photo with their modular home entry in the Solar Decathlon
Europe 2010 competition. (Image Courtesy: University of Florida ‐ http://solardecathlon.ufl.edu/ and
http://www.facebook.com/projectrefocus)
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How Do We Use Energy Across Major Home Systems?
There are several recognized building features that, when designed and constructed appropriately, do
provide consumer benefits which include lower utility costs and improved indoor environmental quality.
These feature should be considered part of an energy efficient building system.
The pie charts on this and the next slide represent “typical” energy consumption by energy end use in
North and Central Florida: lighting, cooling, appliances, etc. The percentages presented will vary
depending on many variables including: owner behavior, building site location, construction quality, etc.
The charts do provide a fairly accurate overview of how residential buildings perform…but like in the stock
market, your results may vary.
The first chart represents information obtained using EnGauge. EnGauge is a software program developed
and distributed by the Florida Solar Energy Center (FSEC) to provide energy and economic analysis for
residential construction. The software uses “reference homes” meeting minimum code requirements. The
pie chart above represents energy end uses (in dollars) in a typical North Florida home (the reference 3‐
bedroom, 2‐bath, 1500 sq ft home). There are many contributing factors that influence these end uses: the
building envelope, HVAC system efficiency, air distribution systems, appliances, occupant behavior, etc.
These percentages will vary depending on both the source as well as the location of the residence;
however, they remain fairly consistent.
But first, let’s get a bit more perspective on housing and energy use in Florida.
Note: The three major end uses that are considered in the EPA ENERGY STAR® Homes program are cooling,
heating, and water heating. Note that the total of those three is approximately 50%.
Image Source: Florida Solar Energy Center
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What Building Systems Most Affect Our Ability to Keep a Home Cool and Comfortable?
In all regions of Florida, the cooling portion of energy use is the largest. The pie chart represents the
annual cooling load components for a typical new home in central Florida. Heat generated inside the home
has to be removed by the HVAC system. Notice that appliance gains—heat from computers, dryers,
refrigerators, etc. (including people, as our skin temperature is approximately 90º F, which results in us
losing heat to the air around us to stay cool)—makes up a surprisingly large portion of the total (35%).
While it is important not only to know how energy is consumed in a home, it is also important to recognize
that the mechanical systems must react to the demand the structural places on it’s ability to perform
correctly.
How might the various components of the cooling load be reduced?
• Infiltration—proper techniques, attention to detail
• Walls—proper envelope construction, proper insulation, proper insulation installation
• Appliances—efficient appliances, design locations for appliances
• Attic and duct gains—proper duct design and installation, proper sealing, HVAC sizing and location
• Solar gains from windows—limited openings on various exposures, efficient windows to reduce solar
heat gain (SHG).
In certain areas of Florida where heating does account for a larger portion of the energy end use, heating
load sources also need to be considered.
Image Source: Florida Solar Energy Center
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A Systems Approach: Where Do I Start?
The whole‐house systems approach looks at the entire house as an energy system with interdependent
parts. Like a human body, when one part functions poorly it affects the performance of the entire system.
For instance, the benefits of an energy‐efficient air conditioner are lessened when a duct system leaks,
windows don’t close tightly, attic insulation is insufficient, and humid summer breezes are drifting in under
the door.
The systems approach recognizes the interaction of windows, attics, foundations, mechanical equipment,
and all other components and assemblies within the home. Changes in one or a few of these components
can cause changes in how other components perform. If you recognize and take advantage of this fact, and
apply appropriate advances in technology to the components, you can reduce your energy costs while
improving your comfort. From a builder’s or seller’s perspective, an energy‐efficient home is likely to be
more marketable—especially if you can show the prospective buyers your low energy bills.
Begin by looking at the major mechanical component, the heating, ventilation and air conditioning (HVAC)
system, as it generally accounts for about half of the energy use in a home. Efficiency of the HVAC system
controls both temperature and humidity within the home and is highly dependent on many of your homes
structural features. Taking a step‐wise approach to home renovation or equipment replacement will ensure
that you get the most bang for your buck when it comes to thermal comfort and energy efficiency.
NOTE: While this graphic is a helpful image of the home as a system, it is also a product endorsement for
General Electric and the systems it displays may not be supported by building science nor relevant for
application in your area (e.g., small building integrated wind power has shown very low efficacy and energy
return on energy invested in some studies).
Image Source: http://www.genewscenter.com/imagelibrary/detail.aspx?mediadetailsid=2369
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Sustainable Dwelling: Like Matter Itself, is Both a Particle and a Wave (i.e., it is a Thing and an Act)
Refer back to the previous sessions’ discussions on eco‐footprinting and auditing. This should reflect the
past homework exercise to go over experiences with gathering past utility records.
Utilities vary in how they disseminate information to customers and others. Some utilities are making it
easy to conduct self‐assessed energy audits via handouts or online. However, everyone has an opportunity
to perform their own online audit through the US DOE’s Home Energy Saver tool.
Image 1 Source: http://hes.lbl.gov/consumer
Image 2 Source: Hal Knowles, University of Florida
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Power Priorities…
If the power wonder that is the modern fossil fuel industry were suddenly to disappear, what might it take
of your own personal power to keep things running at your home. In the example shown in this image, one
hour of human pedaling using a bicycle‐style generator would allow you to run a handful of devices each
for a very different amount of time.
If you had to prioritize which devices you would choose to run and how long you would need to peal to run
them, what would you choose? Does this practical example make you think twice about low cost efficiency
measures like drying your clothes on a solar and wind powered clothes line? How about switching to CFL
bulbs over incandescent bulbs? More importantly, if it was a true energy emergency would you watch your
favorite 30‐minute sitcom or would you keep your food cold in the refrigerator?
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Sustainable Dwelling: Address the Low Hanging Fruit Like Lighting First
Discuss the details shown in the diagram. Explain how the different lighting types compare. Note the
importance of product durability and longevity in making the economics of these more expensive, but
more efficient, lighting options worthwhile. Remember to mention the importance of daylighting through
proper use of windows, window treatments, outdoor vegetation, and indoor tubular daylighting devices
(e.g., “Solatubes”). Also be sure to mention that the color and quality of light affects our mood and our
brain function. Cool/blue shifted lighting is more attuned to sunlight and human waking hours while
warm/red shifted lighting is more attuned to night time hours. Thus watching TV, reading a touch pad
computer, or texting on your smart phone are all poor ways to spend your evening hours as they disrupt
our natural human biorhythms.
Image Source: National Energy Education Development Program. (2012). Introduction to energy efficiency
and conservation. Retrieved September 20, 2012, from http://www.need.org/multimedia
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Sustainable Dwelling: Address the Low Hanging Fruit Like Lighting First
Remember to mention the benefits of avoiding the waste heat of incandescent bulbs by switching to more
efficient CFL and/or LED bulbs. Depending on the amount of lighting within a house, the amount of heat
generated within the home by incandescent lights can be a reasonable strain on the cooling system and
thus provides additional benefit from the efficient lights as less burdensome on cooling loads with regards
to the home as a system.
Image Source: National Energy Education Development Program. (2012). Introduction to energy efficiency
and conservation. Retrieved September 20, 2012, from http://www.need.org/multimedia
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Step 2: Air Seal Common Building Envelope Leaks
When taking a whole house approach to energy efficiency, the next step you should take is to evaluate and
improve your home’s air barrier.
Your home is constantly breathing or exchanging air with the surrounding outdoor environment.
Unconditioned outdoor air comes in while conditioned indoor air flows out. Generally the first place to
start in creating an energy efficient living space is air sealing. This means sealing cracks and gaps around
windows, doors, plumbing, electrical and venting penetrations so that you can control air exchange and
ventilation. Sealing these leaks will mean that less unconditioned air makes it into your house and
produces less load on your HVAC system. Start by using caulking and weather‐stripping to seal air leaks.
This is a low budget item that most homeowners can do. The graph to the right will help you determine
where to look for leaks and the following references will give you more information on air sealing.
For more information on air sealing visit:
• Weatherize Your Home—Caulk and Weather Strip. 2001. National Renewable Energy Laboratory
(NREL). US Department of Energy. http://www.nrel.gov/docs/fy01osti/28039.pdf
• Iowa Energy Center. Home Series 1:Home Tightening, Insulation and Ventilation.
http://www.energy.iastate.edu/homeseries/tightening.htm
• “Caulking and Weatherstripping.” Energy Efficiency and Renewable Energy (EERE): Energy Savers.
http://www.energysavers.gov/your_home/insulation_airsealing/index.cfm/mytopic=11260
• “Air Seal and Insulate with ENERGY STAR.”
http://www.energystar.gov/index.cfm?c=home_sealing.hm_improvement_sealing
Image 1 Source: Iowa Energy Center. Home Series 1: Home Tightening, Insulation and Ventilation.
Image 2 Source: http://www.energystar.gov/index.cfm?c=home_sealing.hm_improvement_sealing

40

Air Sealing Case Study: UF Extension Agent
In the Summer of 2010, one case study UF Extension Agent, took an exam to become an Energy Rater in
Florida. One of the tools he needed to become familiar with was the blower door test. This test pressurizes
a home to evaluate how leaky it is by measuring how high the air infiltration flow rate rises at various
Pascals of pressure. It also provides an opportunity for the diligent rater to determine where the largest
leaks might be located.
What Was Done to Air Seal:
• Caulked windows, around ceiling fans, floorboards, and recessed can lights.
• Foam sealed around plumbing penetrations, electrical penetrations (for lights under kitchen
cabinets).
• Weatherstripped doors, around sliding glass doors, and around attic door.
• Largest air leak was through sliding glass doors and attic door.
Image Source: John Linhoss, University of Florida
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Results: House 814
Continued…
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Step 3: Repair Your Ductwork
Leaky ductwork can cause a major loss in energy efficiency. Leaky ductwork dumps conditioned air in
undesirable places; like your attic or underneath your house. That means that you are paying to heat or
cool the outdoors. In addition, when your cool air goes out, hot humid air comes in through air gaps to take
its place. This puts twice the strain on your HVAC and makes your ductwork a prime target for an energy
efficiency upgrade. First, visually inspect your ductwork for gaps or disconnected runs. Second, use
mechanical fasteners to secure ducts. Third, use mastic sealant to seal gaps. Finally, insulate ducts to
prevent radiation losses.
For more information on ductwork visit:
• Porter, Wendell A., Hyun‐Jeong Lee, and Kathleen C. Ruppert. Energy Efficient Homes: The Duct
System. 2008. University of Florida IFAS Extension. http://edis.ifas.ufl.edu/FY1024
• “Ducts.” EERE: Energy Savers. http://www1.eere.energy.gov/consumer/tips/ducts.html
Image 1 Source: NREL PIX #04913 (http://www.nrel.gov/data/pix/)
Image 2 Source: http://www1.eere.energy.gov/consumer/tips/ducts.html
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Step 4: Improve the Insulation in Your Home
The next step to improve your home efficiency is insulating. Roof temperatures can reach over 140°F so
target attic insulation first. In the southeast, aim for attic insulation levels of R‐30 or higher. Wall and floor
insulation generally offer a lower return on their retrofit investment. Due to their high cost and lower
impact, consider other efficiency measures before adding insulation to walls and floors. One exception may
be homes with raised wood floors and crawlspaces. If your elevated wood floor feels cold or drafty during
the winter consider adding insulation. Other floor types, such as slab on grade foundations, may actually
reduce HVAC load in cooling dominated climates.
See http://www1.eere.energy.gov/consumer/tips/insulation.html for more information on insulation levels
recommended for your area and building location.
Image 1 Source: Craig Miller, University of Florida
Image 2 Source: NREL PIX #15100 (http://www.nrel.gov/data/pix/)
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Step 5: Evaluate and Repair or Replace Select Troublesome Windows
The most important consideration for improving the efficiency of windows is air sealing (as previously
mentioned). Once windows are properly sealed using caulking and weather‐stripping, shading is the next
step. First consider adding exterior shading on the east, west and south sides using properly placed trees,
awnings, tinted window film, or solar screens. Exterior shading has the most benefit as it blocks solar
radiation from entering the home while still allowing light to enter. Next consider using blinds or drapes to
shade the home from the inside. Interior shading options stop solar radiation near the window, limiting
heat gain in the home but also reducing day lighting. If your windows are unable to be properly sealed, or if
you are considering replacing windows for functionality or aesthetic reasons, consider using energy
efficient windows.
Windows are a big ticket item in home renovation but can significantly improve comfort and energy
performance. Replacing old windows with double pane, low‐e windows can be a major benefit. However,
remember that proper, air‐tight installation is as important as the window itself. If you are going to replace
windows, it should be done before HVAC replacement as window efficiency plays a large part in heating
and cooling load calculations that determine the size of your HVAC equipment. Better windows could mean
that you will need a smaller HVAC system.
For more information on windows visit:
• “Air Seal and Insulate with ENERGY STAR.” ENERGY STAR.
http://www.energystar.gov/index.cfm?c=home_sealing.hm_improvement_sealing
• Ruppert, Kathleen C., Wendell A. Porter, and Hyun‐Jeong Lee. Energy Efficient Homes: Windows and
Skylights. 2008. University of Florida IFAS Extension. http://edis.ifas.ufl.edu/document_fy1045
• Hammer, Marie. Window Management for Energy Conservation. 2003. University of Florida IFAS
Extension. http://edis.ifas.ufl.edu/document_fy548
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But Remember, Window Placement Matters…and Can Save You Money
There are four performance criteria on which you can compare windows. Unshaded east, south, and west
facing windows can benefit from low U‐Factors and SHGC. However, money can be saved by going with
less stringently specified windows on the north facing windows or on south facing windows with consistent
shade.
U‐Factor:
U‐Factor is defined as the rate of heat loss is indicated in terms of the U‐factor (U‐value) of a window
assembly. The insulating value is indicated by the R‐value which is the inverse of the U‐value. The
lower the U‐value, the greater a window's resistance to heat flow and the better its insulating value. A
U‐factor of 0.65 or less is recommended in hot, humid climates by the US Department of Energy. In
warm climates a low U‐factor is helpful during hot days or whenever heating is needed, but it is less
important than SHGC.
Visible Tranmittance (VT):
The visible transmittance (VT) is an optical property that indicates the amount of visible light
transmitted through the glass. VT is expressed as a number between 0 and 1. The higher the VT, the
more daylight is transmitted. A high VT is desirable to maximize daylight.
Solar Heat Gain Coefficient (SHGC):
SHGC is the fraction of incident solar radiation admitted through a window, both directly transmitted,
and absorbed and subsequently released inward. SHGC is expressed as a number between 0 and 1.
The lower a window's solar heat gain coefficient, the less solar heat it transmits. A SHGC of 0.40 or less
is recommended in hot, humid climates by the US Department of Energy. In heating‐dominated
climates, a high SHGC increases passive solar gain for the heating, but reduces cooling season
performance.
Air Leakage (AL):
Heat loss and gain occur by infiltration through cracks in the window assembly. It is indicated by an air
leakage rating (AL) expressed as the equivalent cubic feet of air passing through a square foot of
window area. The lower the AL, the less air will pass through cracks in the window assembly. An air
leakage rating (AL) of 0.30 cfm/sq ft or less is recommended.
Images Source: University of Florida Program for Resource Efficient Communities
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Step 6: Properly Maintain and/or Upgrade Your HVAC System
The best way to ensure that your home continues to perform at peak energy efficiency is to perform
regular HVAC maintenance. This includes steps that you can take such as frequently replacing air filters,
cleaning condenser coils, straightening coil fins, and cleaning condensate lines. The resources listed below
can help you with these tasks. Other steps that should be taken by a qualified HVAC technician include
checking refrigerant levels, testing for refrigerant leaks, checking the air flow and testing the electrical
controls. This process is called commissioning and ensures that your HVAC is at peak performance so that
your home is comfortable and efficient. If your HVAC system is too old or run down to benefit from regular
maintenance, consider upgrading to a newer, higher SEER system.
For more information on HVAC visit:
•

Porter, Wendell A., Hyun‐Jeong Lee, and Kathleen C. Ruppert. Energy Efficient Homes: Air
Conditioning. 2008. University of Florida IFAS Extension. http://edis.ifas.ufl.edu/FY1026

•

“Air Conditioning.” EERE: Energy Savers.
http://www.energysavers.gov/your_home/space_heating_cooling/index.cfm/mytopic=12370

•

“Heat & Cool Efficiently.” ENERGY STAR.
http://www.energystar.gov/index.cfm?c=heat_cool.pr_hvac

Image 1 Source: NREL PIX #15081 http://www.nrel.gov/data/pix/
Image 2 Source: Hal Knowles, University of Florida

47

Step 7: Properly Maintain and/or Upgrade Your Water Heater
Quick Facts
• Water heating is often the third largest energy expense in your home, after heating and cooling—it
can account for 13–17% of your utility bill.
• If you have an electric water heater, install a timer that allows you to turn the unit off at night when
not in use—you'll save an additional 5–12% on energy needed to heat the water. In addition, some
utility companies may offer incentives for customers who permit control devices to be installed that
shut off water heaters during the utility company's peak demand hours.
• Install heat traps, one‐way valves or loops of pipe, which prevent heated water in a storage tank
from mixing with cooled water in pipes. Most new water heater models have factory‐installed heat
traps. Heat traps can save you $15–30 per year by preventing convective heat losses through the
inlet and outlet pipes.
• If you have a tank‐style water heater, drain about a quart of water from the water tank every 3–6
months. This helps to remove sediment that slows down heat transfer and lowers the efficiency of
your water heater. Follow the manufacturer's recommendations for your specific unit.
• If your water heater is more than 10 years old, it's a good idea to start shopping for a new one now.
This will give you a chance to do some research and select the type and model that most
appropriately meets your needs. Although most water heaters last 10–15 years, it might be
economically smarter to replace your water heater early; the lower utility bills could be worth it.
Compare costs: purchase price and lifetime maintenance and operation costs.
• For safety concerns as well as energy efficiency reasons, when buying fuel‐fired water heaters, look
for units with sealed combustion or power venting to avoid back drafting of combustion gases into
your home. If fuel‐fired water heaters are located in interior spaces, such as interior mechanical
rooms connected to conditioned spaces or laundry rooms, they should include provisions for outside
combustion air. Also, install a hardwired carbon monoxide alarm (with battery backup) nearby.
• Install an ENERGY STAR® clothes washer. Most of the energy consumed when washing clothes is
used to heat the water.
• Install an ENERGY STAR® dishwasher; as with clothes washers, most of the energy consumed by
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dishwashers is used to heat the water.
• If you don't use a dishwasher (which is designed to clean best with water at 140°F), or
if you have a dishwasher with a preheating element, setting the main water heater at
120°F is fine for most households. Note: most electric water heaters have two
thermostats (one for each heating element), and it’s important to make sure they're
both at the same setting. For each 10°F reduction in water temperature, you can save
3–5% in energy costs.
• Check with your utility company as they may offer rebates or incentives for certain
types of energy efficient water heaters. Keep in mind that your choice of water heater
and its fuel source will depend, in part, on where you live, and the space available.
For more information on water heaters:
• “Water Heaters.” Energy Star
http://www.energystar.gov/index.cfm?c=products.pr_find_es_products
• “Selecting a New Water Heater.” Energy Savers
http://energy.gov/energysaver/articles/selecting‐new‐water‐heater
Image 1 Source: Kathryn Ziewitz, University of Florida
Image 2 Source: Hal Knowles, University of Florida
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Step 8: Upgrade Your Lighting and Appliances
Lighting fixtures, fans, and appliances should be replaced as needed with more energy efficient options or
models. Though these are smaller contributors in a systems upgrade approach, they can produce dual
benefits. First, they offer reduced direct energy consumption with each use and in standby mode. In
addition, they may produce less heat therefore reducing cooling load on your HVAC system. One example is
switching to compact fluorescent lighting. If you replace a 60 watt incandescent lamp with an equivalent
compact fluorescent lamp direct energy use is reduced by 78% and waste heat is also reduced by 75%. This
applies to most appliances such as refrigerators, dryers and water heaters.
For more information on lighting and appliances visit:
•

“Find Energy Star Products.” Energy Star
http://www.energystar.gov/index.cfm?c=products.pr_find_es_products

•

“How Compact Fluorescents Compare with Incandescents.” EERE: Energy Savers: Your Home.
http://www.energysavers.gov/your_home/lighting_daylighting/index.cfm/mytopic=12060

•

“Lighting.” EERE: Energy Savers. http://www1.eere.energy.gov/consumer/tips/lighting.html

•

Lee, Hyun‐Jeong, Kathleen Ruppert, Wendell Porter, and Travis Prescott. Energy Efficient Homes:
Appliances in General. 2008. University of Florida IFAS Extension.
http://edis.ifas.ufl.edu/document_fy1032

•

“Appliances and Home Electronics.” EERE: Energy Savers.
http://www.energysavers.gov/your_home/appliances/index.cfm/mytopic=10020
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Did You Know?
As a result of a sequence of ever more stringent energy efficiency regulations (at least 6 rule changes since
the late 1970s), energy use per refrigerator unit has dropped by 75% (from a peak of 1,800 kWh/year to
450 kWh/year between 1977 and 2002)… “even as volume increased by more than 20% and prices
declined by more than 60%.”
“Efficiency improvements were realized using available technologies: improved insulation (using blowing
agents), better compressors, and improved seals and gaskets.” Though it would be an over simplification to
say this kind of success story can be duplicated in all industries from products and services to alternative
energy production itself, it does offer a hopeful tale of what can be possible when governments set good
rules for the game in which market players innovate.
Quote Source: http://www.interacademycouncil.net/CMS/Reports/11840/11914/11920.aspx
Image Source: http://www.interacademycouncil.net/CMS/Reports/11840/11914/11920.aspx
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Overview: Whole House Approach
Review the steps once again with their components, strategies, and impacts as described in this chart.
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Resources: Whole House Approach
• U.S. Department of Energy. Energy Efficiency Pays: Systems approach cuts home energy waste and
saves money. Office of Energy Efficiency and Renewable Energy.
http://apps1.eere.energy.gov/buildings/publications/pdfs/building_america/26290.pdf
• U.S. Department of Energy. 2003. Whole‐House Energy Checklist: 50 Steps to Energy Efficiency in the
Home. Office of Energy Efficiency and Renewable Energy.
http://www.southface.org/web/resources&services/publications/technical_bulletins/
WH‐Energy%20Checklist%20GO‐10099‐766.pdf
• U.S. Department of Energy. 2009. Whole‐house Systems Approach. Office of Energy Efficiency and
Renewable Energy.
http://www.energysavers.gov/your_home/designing_remodeling/index.cfm/mytopic=10370
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A Few Extra R’s…
So here’s another Cooperative Extension Agent case study house. This agent and his family have been
slowly improving their 1950s concrete block ranch home in Gainesville, Florida. In this photo you can see
the 3.85 kW solar photovoltaic system they installed in early 2009 becoming the first household in
Gainesville Regional Utilities’ solar feed‐in‐tariff program paying them $0.32/kW of solar electricity
produced. You can also see a sliding glass door that was replaced two years prior to the solar PV system
installation.
So which home improvement matters more? Well, the devil is in the details as you’ll see in our case study.
The key is to always remember the 3 R’s plus a few more we think are also important.
Reduce, reuse, recycle, retrofit, renew, then rethink!
In other words, unless you’ve gone a long way toward reaching your home’s maximum efficiency potential
as well as the limits of your own conservation, you shouldn’t install the fancy new supply‐side technologies
like the solar PV system or the solar thermal (water heating) system.
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1950s Retrofit: Performance
Review the electricity equivalent (i.e., combined electricity as kWh and natural gas as therms into “ekWh”)
for this home during the years prior to the family moving in in 2006 and the years afterward.
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Gainesville Subdivisions: Energy
When thinking about the common vision of buying that brand new super green home, we often overlook
the ability to achieve our goals through some minor property improvement investments in older homes.
Here’s a quick breakdown of how this case study 1950s home compared in 2009 to some newer
communities as normalized per 1,000 square feet. It’s also important to note, that while these newer
communities likely have significantly larger average home sizes and while we’ve controlled the comparison
(to a degree) with the normalization to 1,000 square feet, larger homes are typically more efficient on a per
square foot basis than smaller homes, though the inverse is true on a total energy consumption basis.
This 1950s home is consuming considerably less than the local average and even less than some of the
Energy Star new home communities such as Cobblefield and Mentone. Another important point to
consider when evaluating purchasing a new or recently built home versus an older vintage home is the
concept of embodied energy. It’s roughly been said that over a 50 year lifespan for the average building,
about 15‐25% of the life cycle energy of the building comes during its construction while the other 75‐85%
comes during its occupancy (though obviously many buildings may last much longer, like this case study
home over 50 and going strong). In other words, the energy to construct a home is equivalent to the
energy consumed during the first 8‐12 years of building occupancy.
Matters of Scale – The Hidden Cost of Embodied Energy http://www.worldwatch.org/node/798
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1950s Retrofit (@ 1,440 SF): Energy Efficiency (EE) and Conservation Behaviors (CB)
Home Improvement Energy Efficiency (EE) Measures (totally about $3,500):
• Energy Star appliances
o Ceiling fans
o Refrigerator
o Front loading washing machine
• Programmable thermostat
• CFL replacement bulbs
• LED vent hood lights
• Window blinds/drapes
• Minimal moisture trapping surfaces
o Removed carpet
o Refinished terrazzo
• Dual glazed low‐E sliding glass door
• Tankless natural gas water heater
Home Improvement Conservation Behavior (CB) Measures (totally only the cost of a blanket and slippers):
• Purchase (orientation)
• Down comforter (sleep)
• Throw blankets (lounge)
• Seasonally appropriate attire
o Slippers / thermals
o Barefoot / shorts
• Thermostat set points
o Summer: 78‐80
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o

Winter: 62‐68

• Seasonally appropriate use of blinds/drapes
o Daylighting
o Thermal barrier
• Fans for spot skin cooling
• Easy on the plug loads
• Climate acclimation
• Co‐showering…remember the couples that shower together, stay together!
• Water heater set point
o 110 degrees (variable)
Image 1 Source: Kathryn Ziewitz, University of Florida
Image 2 Source: Kathryn Ziewitz, University of Florida
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1950s Retrofit (@ 1,440 SF): Power Draws
Have any of you ever used a “kill‐a‐watt” or other outlet‐based energy draw monitor? Here’s a list of some
of the major plug‐loads within our case study house.
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1950s Retrofit (@ 1,440 SF): Electricity Use
Here is a breakdown of the baseload (i.e., the consist and mostly unavoidable) energy (as combined
electricity and natural gas) used by the case study house as well as its daily space conditioning related
energy use. It’s pretty clear that the vast majority of energy used in this home (and likely in yours as well)
comes from trying to keep the living space at a comfortable temperature and humidity level. The most
luxurious of all our energy indulgences is air conditioning and heating. Keep these numbers in mind when
you see the solar PV production numbers in the next section.
Daily baseload = 9 ‐ 16 kWh
• 140 ‐ 320 kWh/month (or) 5 ‐ 10 kWh/day
o Cooking, fridge, lights, clothes washing/drying, entertainment
• 120 ‐ 175 kWh/month (or) 4 ‐ 6 kWh/day
o Water heating
Daily space conditioning = up to 75 kWh
• 0 ‐ 2,300 kWh/month (or) 0 ‐ 75 kWh/day
• 2009 Avg. = 330 ‐ 560 kWh/month (or) 11 ‐ 19 kWh/day
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Why Solar PV Has Matured
It was the summer of 2008 and the case study family had just received a few quotes for a solar water
heater to complement the PEX plumbing system renovation for which we were about to install. After 15
years in the green building and sustainable development industry, the Cooperative Extension agent was
dumbfounded by the numbers that lay before him. How could he have been so wrong?
He always believed that after conservation behavior changes, then energy efficiency building system
improvements, solar water heating was the next must do, rapid return on the investment. Their 20 year old
electric water heater was on its last legs, but their estimated monthly hot water consumption and
associated energy costs suggested they’d need approximately 15‐20 years to realize a return on their
investment. They just weren’t using enough hot water to make this upgrade worthwhile. This realization
might be more common than we think for many households.
With a bit of heartbreak and confusion, they decided to go with a tankless natural gas water heater…and to
give a second look at the unsolicited information about solar photovoltaics (PV) their three quoting
contractors had provided. They were really just being kind to entertain their sales pitches. The Agent told
his wife, that despite their dream of a utopian solar future, the systems just cost too much and take too
long to pay off.
For most of his academic and professional life, the Agent had been a vocal proponent of the scientific
validity and moral imperative of addressing the low hanging fruit of conservation behavior and energy
efficiency before all other built environment measures. Yet, by installing a solar PV system in 2009, he was
breaking my own rules and accepting new family debt before all the easy improvements of our 1950s
concrete block home had been undertaken. Sure you might ask yourself, when will this perfect storm of
incentives ever be available to me? Though a Federal 30% tax credit, State $4/Watt, and $0.32/kWh from
the utility feed‐in‐tariff (though $1.50/Watt was alternatively available) saved this case study family enough
to pay off the system in under 3 years, he wants me to tell you those insane incentive days are gone and
good riddance. Solar PV has matured and the fruit for its next generation of trees is hanging low enough to
pick…today.
While he still believes in the power of behavior change, often its early energy savings struggle to persist
over time as our attentions and intentions shift. Jevons’ paradox, or the rebound effect, is a perfect
example of our insatiable appetite for new ways to use energy. Conservation is a virtue that is up to you,

59

and as such, its well is tapped only when you see its worth (though he hopes you give it
attention and see it often). Likewise, he’s begun to view most energy efficient upgrades as
only ideal when they take place after existing building systems fail, after they have aged
beyond their useful lifespan, or when they are embedded in a correlated desired aesthetic
improvement. It just rarely makes sense to replace any technology in the prime of its
operational life to squeeze out a few extra percent of energy savings when we know the
embedded energy being lost from an existing product whose life cycle has been cut short.
Efficiency is a virtue best used only when the need arises, and as such, is a simple matter of
buying the best, most energy efficient, products and services available at the point of
purchase fulfilling the need.
As a result of these insights, this Cooperative Extension Agent no longer believes a building
needs to go on an energy diet before it enjoys its renewable energy dessert. He doesn’t even
think we need to wait for the coveted concept of “grid parity” to start eating our energy
treat. Given that, he wanted to share a bit more about his story and its global context to
explain why. He invited his friend and personal solar contractor, Dr. Barry Jacobson to help
him with some of the finer financial points.
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1950s Retrofit (@ 1,440 SF): Solar PV Production
• Time = 1410 days (Feb. 2009 ‐ Dec. 2012)
• Production
o Total = 16,295 kWh
o Daily Avg. = 11.56 kWh
• Income
o

Annual = $5,214.40

o

Monthly Avg. = $112.49

o

Daily Avg. = $3.70

• Consumption Pattern (2009 – 2012)
o

904 kWh/month (or 628 kWh/month/1,000 sf)

o

Avg. 29.7 kWh/day
 Baseload @ 9‐16 kWh/day with remaining 50‐70% as space as space conditioning

o

$85/month (electric + gas)
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The Context for This Change of Heart
The holy grail in the renewable electricity market is grid parity (Sinke 2009). This is the inflection point
when an “alternative energy” source, most often solar PV or wind power, achieves an unsubsidized
levelized cost equal to the existing electricity retail rate using a fuel mix powered predominately by coal,
natural gas, and nuclear energy sources. Some studies suggest this point may happen within this decade
for both solar PV (Bhandari and Stadler 2009) and wind power, while others estimate we are unlikely to
achieve parity until the late 2020s to early 2030s (Yang 2010; Lund 2011). However, I’d like to suggest
energy return on energy investment (EROI), life cycle assessment (LCA), autocatalysis, and the “big
household decisions” as alternative inflection points worthy of consideration for this desired state. And
yes, these points are all now in our past.
EROI
• Oil ~ 11:1; Nuclear > 5:1 < 15:1; Natural gas ~ 10:1; Tar sands/shale < 5:1; Wind > 18:1; Solar > 7:1
LCA
• Net energy returns (NER or essentially the point in time the EROI rises to 1:1) between 1,100 and
5,000 MJ per meter squared of solar PV modules
• Energy payback time (EPBT or essentially the time required to hit the NER) between 2 to 10 years
Autocatalysis
Crafoord Prize winning ecologist, H.T. Odum (1994, 7) described the autocatalytic threshold best when he
said, “to develop the [autocatalytic] feedback loop [virtually a prerequisite in complex adaptive systems],
the energy flow available must be sufficient to exceed the flow of depreciation [and dissipative entropy]
from the storage in the loop.” http://www.crafoordprize.se/
A study by Pacca, Sivaraman, and Keoleian (2007, 3316) suggests the net energy ratio (NER) “based on a PV
system [as the manufacturing energy source] can be 3.7 times higher than the NER based on
[manufacturing] electricity supplied by the traditional grid mix, and the CO2 emissions can be reduced by
80%.” In other words, not only is PV already autocatalytic, but it might be nearly quadruple the
autocatalytic capacity of the current electric grid at 1/5th the carbon intensity. This already dramatic
advantage for solar PV will only get increasingly disproportionate over time. As the most energy dense and
most easily accessible conventional energy sources are generally discovered and harvested first, one can

61

logically extrapolate that their EROIs will only continue to decline in perpetuity until these
conventional energy resources are abandoned in place due to net energy loss (i.e., a ratio
less than 1:1). Yet, even before this point of net energy loss, one can think in terms of their
autocatalytic function and see that using these conventional energy sources to increase their
harvest rate, only accelerates their very decline in utility to human society.
Solar PV and wind power offer a very different EROI and autocatalytic story. Every unit of
energy, as well as every dollar, that we invest in these alternative sources has the inverse
effect of creating an energy surplus that is likely to both accelerate the technological
innovation that will increase their EROIs as well as accelerate the transition away from
conventional energy sources assuming we pull them offline as these renewable alternatives
go online.
Big Household Decisions
The final inflection point, and the real nail in the coffin of the solar PV naysayers, is the nearly
bomb‐proof logic behind the investment when viewed within the conventional process of
“big household decisions.” These are moments when an individual, couple, or family must
pause for a moment and contemplate commitments that take a longer view than our fast
paced daily lives. These decisions might include the following: wedding ~ $27,000; new car ~
$30,000; new home ~ $200,000;…so what about a new solar PV system as a worthwhile big
decisions?
A 5,000 watt system in Gainesville, with no special local or state incentives, would cost
approximately $12,250 after the 30% federal tax credit. It would produce over $1,100 of
electricity per year at the more typical average retail rate of $0.17/kWh. Assuming an
electricity inflation rate of 4% per year, this typical system would provide its homeowner a
25‐year average annual return of over 14%!
If the homeowner were to roll this cost into a new home purchase or a refinance, it would
add less than $60 per month to their 30‐year mortgage, yet reduce their power bill by over
$90 per month (i.e., every $1 in loan payment is offset by $1.50 in electricity savings). That’s
$30 per month in the homeowner’s pocket. Lastly and like the EROI example, the financial
return on solar PV investments seems likely to get better with age, because as electricity
rates rise, this savings ratio would only increase while the mortgage payments stay at a fixed
rate.
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Gainesville Regional Utilities (GRU): Program Outcomes
Here is a chart of the demand side management (conservation) program outcomes as measured using the
UF/PREC Annual Community Baseline© analytical method. The chart shows the number of households
(HH) that were in each of the three programs during the 2007 calendar year. It also shows the rebate dollar
value provided by GRU for each participant home. Then UF/PREC calculated the estimated kWh saved per
household based on the 12 months prior and the 12 months post participation in the DSM rebate
programs. The refrigerator buyback program saved the most electricity per dollar of rebate funds invested
by the utility (mostly because its more of a conservation program that eliminates a type of energy load as
opposed to the others two efficiency programs that improve the performance of a system instead of
removing the load altogether).
The bottom half of the chart shows the greenhouse gas emissions (as carbon dioxide equivalencies)
avoided as a result of the energy savings. These figures use the US EPA calculations for the GHG emissions
factor for the GRU electricity fuel mix.
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How We Move
We’ll continue our discussion of these human activities, with how we move.
Seven (7) Most Harmful Consumer Activities (Page 50)
•

Cars and light trucks

•

Meat and poultry

•

Fruit, vegetables, and grains

•

Home heating, hot water, and air conditioning

•

Household appliances and lighting

•

Home construction

•

Household water and sewage

The Consumer’s Guide to Effective Environmental Choices: Practical Advice from the Union of Concerned
Scientists
Authors: Michael Brower and Warren Leon
Publisher: Three Rivers Press, New York, New York ©1999
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Today (Poorer Practice): Mobility (Monoculture)
Today’s mobility infrastructure is all‐to‐often focused on serving a monoculture of fossil fuel powered
vehicles. This is a exceedingly inefficient use of space in an attempt to serve the mobility needs of society.
All organisms need food, water, shelter, mobility, and community. Why should our transportation paths
limit the ability to serve these other needs…for humans and non‐humans alike?
Image 1: Philadelphia Freeway Interchange http://www.sprol.com/images/phil2%20copy.jpg
Image 2: Los Angeles Traffic http://www.thewe.cc/thewei/&_/images6/environment/los_angeles.jpe
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Long Ago: Mobility (Resilient & Adaptive)
Long ago (and still to this day in some parts of the world), the key form of human mobility was on foot.
While seemingly just a different take on the “monocultural” mode of automobile transportation, this highly
resilient and adaptive way of moving from place to place offers many advantages, such as the following:
• Your mobility tool is always with you
• Your mobility tool is good for your body
• Your mobility tool has no miles per gallon because it can run so long as the body can run
• Your mobility tool does not create inequalities nor disruptive impacts in the ecological, social, or
economic order of humanity or the systems in which we are embedded
Can you think of other advantages?
Image Source: http://spectrumculture.com/2010/05/revisit‐walkabout.html

65

Today (Better Practice): Mobility (Multi‐Modal)
This is a great photograph of the highly dynamic multi‐modal environment of the city of Tokyo, Japan. You
can see school children traversing the cross walk from the right. You can see many types of bicycles (from
the fold up kind to larger styles with baskets). You can see the electrified light rail and the small vehicles.
While the street is certainly wide and seemingly not ideal for bicyclists and pedestrians, I can only assume
that the speed limit is slow and that the machine powered forms of mobility (and their drivers) have all the
incentive and proper urban design cues to give the human scale mobility modes the right of way.
Can you think of how these better practices can still be improved even more?
© Daniel Hoye, 2007
Source: http://www.flickr.com/photos/drhoye/551261581/
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Tomorrow: Mobility (Place‐Based & Multi‐Functional)
While today’s better practices offer multi‐modal mobility infrastructure, it seems possible for tomorrow’s
best practices to offer multi‐functional and even more place‐based infrastructure. This innovative
conceptual design shows space for provisioning the goods and services for the food, water, shelter,
mobility, and community needs of city denizens. With landscape and hydrological features in sync with the
climatic region, this mobility infrastructure begins to blur the line between urban and natural
environments. It becomes more of an ecological corridor instead of a machine corridor.
Image Source:
http://eng670.files.wordpress.com/2009/11/board_4_cat_b.jpghttp://eng670.files.wordpress.com/2009/1
1/board_4_cat_b.jpg
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History of Human Energy
Early hunter‐gatherer societies developed limited tools and used them for specific tasks. Among these
would be knives, spear points and vessels. The use of these tools required only human power. The
continuous work output is surprisingly small. It should be noted, however, that this is a fairly current
picture. We know from human factors studies that the work output of an average human being during an
average work day can be sustained at about 75 Watts. Remember that a Watt is a Joule/second. A Watt is
a unit of power which can be thought of as an energy rate. Since a Joule is a unit of energy then a
Joule/second is a unit of power.
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Early Power Summaries
Here’s a chart showing the power potential for various living and mechanical systems. For perspective
we’ve given the number of humans required to provide the equivalent amount of power (which is the
ability to do work over a specified period of time). Think of these power numbers as the real‐time
continuous energy that can be expressed by these various systems. Of course, none of these systems are
perpetual motion machines (which physics suggests are impossible). So these systems need a constant
source of energy to enable their power potentials.
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So How Big is Our Hammer?
As you can see, energy comes from a wide variety of sources, mostly fossilized solar energy which is finite
both in its stock of total usable energy and its flows of cost effective accessible energy. While oil demand is
up everywhere, the U.S. remains the king of consumers, generally slurping up a quarter of the world's oil
(20.7 out of 85.1 million bbl/day) —about three gallons per American every day (68.7 bbl/day per 1000
people @ 42 gallons/bbl)—even though we house just 4.5 percent of the global population (303.8 out of
6,705.9 million people). (Source: using 2007 energy data and 2008 population data from
http://http://www.nationmaster.com/)
In this image, the rusting barrel would have held 42 gallons of crude oil. The energy content of this single
barrel of oil is equivalent to 22,658 hours of human manual labor (assuming the average human can sustain
75 Watts of power indefinitely). Put another way, one barrel of oil is energetically worth the life of one
human working 5 days a week for 8 hours a day for 10.9 years. Ultimately, that would be just enough to
transport you one way from Jacksonville to Ft. Lauderdale in this 1970s era VW bus (approx. 330 miles).
Human Labor Power Output (Estimate by Dr. Wendell Porter, University of Florida)
• 1 Watt = 3.413 Btu (per hour)
• 75 Watt (human power capacity) = 255.975 Btu (per hour)
Energy Content of 1 Gallon of Gasoline
• 1 gallon gasoline = 125,000 Btu
• 125,000 Btu / 255.975 (per human / Btu per hour) = 488.34 humans (per hour) or 488 hours of one
human working or 61 (8‐hour) workdays
Energy Content of 1 Barrel of Oil
• 1 barrel of crude oil = 5,800,000 Btu
• 5,800,000 Btu / 255.975 (per human / Btu per hour) = 22,658.46 humans (per hour) or 22,658 hours
of one human working or 2,832 (8‐hour) workdays or 10.89 (5‐days at 8‐hours for 52‐weeks) years
Human Hours to Drive 1 Barrel of Oil (19.4 Gallons of Gasoline)
• 19.4 gallons of gasoline per bbl of oil x 17 miles per gallon (for 1970s era VW bus) = 329.8 miles
Conversion Source: http://www.uwsp.edu/cnr/wcee/keep/Mod1/Whatis/energyresourcetables.htm
VW Bus Fuel Economy Source: http://auto.howstuffworks.com/volkswagen‐bus6.htm
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Hmm…So How to Commute Now While We Wait for This Tomorrowland of Transportation?
The same Cooperative Extension Agent who embarked on his own home energy improvements in the
1950s retrofit case study also undertook lifestyles changes in the way he moves. At approximately the
same time as he purchased his home in 2006, he sold his vehicle and became an obligate bicycle
commuter. To this day he still shares a vehicle with his wife and two young daughters. He even takes his
eldest daughter to her preschool in a trailer he pulls behind his bicycle. Just as importantly, when he and
his wife were searching for a new home, they deliberately looked for, and ultimately picked, one within
walking distance to a major bus route that he could take to work on rainy days or when he didn’t feel up for
a bike commute. There even happens to be a local coffee shop at the end of their street near the bus stop!
This graphic shows a comparison between his mode of mobility and the plug‐in hybrid electric vehicle that
he sometimes drives for work. Needless to say, if he were to drive this “efficient” vehicle to work instead of
bicycling, he would consume much more fuel, emit much more greenhouse gases, and may still be
overweight…all for less than a ten minute advantage in commuting time. In the food section of this agent’s
personal life story, we’ll learn a bit more about how he lost these 40 pounds by complementing his
increased activity due to cycling with an improved diet…a diet that may surprise you and make you
question your very assumptions about eating sustainably!
Image Source: Christine Swanson, University of Florida Program for Resource Efficient Communities
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Or Maybe Just Use a Team of These?
Now, think back for a moment to our previous slide on the “early power summaries.” If the hybrid vehicle
has 110 horse power, then it means the driver of that vehicle is metaphorically riding in a chariot pulled by
110 horses. Or in human terms, it would be like riding to work every day behind a team of 1,100 human
energy slaves. Sure, you may have seen guys like this on ESPN in the “world’s strongest man” competition,
but just the limited resources of fossil fuels, I think the human population of 7 billion people can’t find
enough of these fellas to meet our transportation needs.
Image Source: http://seattletimes.nwsource.com/html/sports/2003277126_strong27.html?syndication=rss

72

A Few Gallons…or 200 Energy Slaves
For a moment, lets look run with this energy slave metaphor and look at the total daily consumption of oil
products in the United States. We currently use about 20.5 million barrels of oil each day in the United
States. What’s a barrel? A barrel of oil is equal to 42 gallons of oil. If we acknowledge that there are
approximately 300 million people in this country, we can perform a simple calculation.
• Gallons of oil per person per day = (20.5 x 106 barrels/day × 42 gallons/barrel)/300 × 106 people
• Gallons of oil per person per day = 2.87 or about 3 gallons per day per person.
But a gallon of crude oil represents the energy content of approximately 140,000 BTU’s. Allright! What’s a
BTU? It stands for a British Thermal Unit, or the amount of energy required to raise one pound of water
one degree Fahrenheit.
So 3 gallons per day is equal to 3 x 140,000 BTU’s, or 420,000 BTU’s per day.
If we convert the human work output in Watts to BTU’s we arrive at:
• Output = 600 Watt hours/day
Knowing that there are 3.413 BTU/W hr, then this is equivalent to 2048 BTU/day.
So by simple division, our national average of 3 gallons of crude oil per day per person is worth
420,000 BTU’s/day divided by 2048 BTU/day per person, we arrive at about 205 people. Just our national
average petroleum consumption is equivalent to having 205 of your closest friends working all day just for
you.
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EPA Fuel Economy & Beyond
These two charts show the percentage of the original energy for the vehicle fuel source (typically gasoline
or diesel) and the percentages of that original 100% of pure fuel that are lost at various stages and places
within the vehicle. Ultimately only 4% and 7% of the original energy goes toward forward motion
respectively for city and highway driving. This demonstrates the profound inefficiency in which we use
fossil fuels to move around. And this doesn’t even account for the inefficiencies in harvesting these fuels
from their original geological locations as we previously discussed in the EROI slides about solar PV.
One other important point to note is that with each of the realms of energy use in provisioning food, water,
shelter, mobility, and community, the human “X” factor of behavior can increase or decrease the
engineered efficiency of a technological system. In the case of vehicles, this may take the form of
“hypermiling.” Here’s a highlight of some of the hypermiling strategies for improving your vehicle’s fuel
efficiency. Though the best hypermilers have anecdotally doubled their fuel efficiency, all we can say is kids
don’t try this at home!
Hypermiling: Extreme behavior change strategies
• Maintenance measures
• Minimizing mass
• Efficient speeds
• Acceleration & deceleration/braking
• Coasting/gliding
• Fuel type
• Trip computer
• Advanced strategies
o Pulse & glide
o Auto‐stop, forced stop, and draft‐assisted forced stop
Source: http://en.wikipedia.org/wiki/Hypermiler
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US DOE car efficiency by loss
Figure 3‐1 Example energy flows for a late‐model midsize passenger car: (a) urban driving; (b)
highway driving. [Source: U.S. Department of Energy www.fueleconomy.gov/feg/atv.shtml).]
Note: the bottom of the image is cropped. The driveline losses in the lower diagram should
be 5% and the diagram should be labeled (b). Transportation Research Board Special Report
286 Tires and Passenger Vehicle Fuel Economy Fig 3‐1, p.63 of pdf, p.40 of report
Original Source: http://www.trb.org/publications/sr/sr286.pdf
Source of Graphic via Web: http://en.wikipedia.org/wiki/Image:Energy_flows_in_car.png
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More Details on the Behavioral & Maintenance Factors and Their Effects on Vehicular Fuel Economy
This chart gives a bit more detail on the more prosaic and average daily ways that our individual behavior
affects our gasoline consumption.
Data Source: http://www.fueleconomy.gov/feg/drive.shtml
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The Devil is in the Details
While thinking further about multi‐modal transportation, lets look at this chart for a moment. There is a lot
of information and I’m sorry it may be challenging to read it all. However, there are a couple major points
to make. First, the top half shows energy consumption by transportation mode while the bottom shows
GHG emissions by transportation mode. The longer the bar toward the right, the more energy consumed
and the more GHG’s emitted.
What is the most energy efficient and lowest carbon mode of transportation?
What is the least?
How can the same mode be both the best and the worst? Ah, yes, the difference between ridership and
whether the urban diesel bus is being driven during peak ridership (when all space is likely filled) and off‐
peak ridership (when many empty seats are likely available).
Can this same principle apply to other transportation modes?
What vehicle is the most efficient for a family of more than 4 members?
Maybe at this point a 7‐seat SUV is preferred over a 4‐seat econobox? Though maybe not? Tough questions
indeed!
Image Source: http://dx.doi.org/10.1088/1748‐9326/4/2/024008
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Portland: Multi‐Modal Transit
Though we don’t have any good statistics handy about the multi‐modal mobility infrastructure benefits of
Tokyo, Japan, we do have a great study about Portland, Oregon. Here’s an image of their fairly recent
electric light rail system, which happens to be co‐designed to complement the lifestyle of the cyclists in this
incredibly bike friendly city.
Stuart Isett for The New York Times
Image Source: http://www.nytimes.com/2007/11/05/us/05bike.html?_r=2&oref=slogin&oref=slogin
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Portland: Beneficial Bike Culture
A study by the nonprofit, CEOs for Cities, evaluated the “Green Dividend” of Portland’s bike culture and
multi‐modal mobility network. They found some dramatic, positive impacts from simply reducing their
citizen’s daily commute by only 4 fewer miles per day.
• Commute: 20.3 (vs. 24.3)
• Savings:
o

Miles: 2.9 billion

o

Costs: $1.1 billion
 $800 million stays local

o

Hours: 100 million @ $1.5 billion

o

GHG: 1.4 MMtCO2e ($70 M)

• Budget: 15.1% (vs. 19.1%)
• Cars: 46 (vs. 55) / 1,000
• Satisfaction: 60% (vs. 35%)
• Likelihoods:
o

2 × transit

o

7 × bike

Study Source: http://www.ceosforcities.org/city‐dividends/green/special‐reports/portland/
Stuart Isett for The New York Times
Image Source: http://www.nytimes.com/2007/11/05/us/05bike.html?_r=2&oref=slogin&oref=slogin
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Additional Benefits of Bicycling
Beyond the economic benefits of a bike centric city, here’s some additional benefits of bicycling.
• Health
o

Avg. American  13 lbs first year bike commuting


o

140‐lb cyclist burns 508 calories @14 miles in hour

Cycling 3 hours/week  risk of heart disease & stroke by 50%

• World
o

Cars in traffic wasted 5 billion gallons gas (2003)


o

Avg. car commuter = 50 hours/yr stuck in traffic

 cycling from 1% to 1.5% trips would  462 million gallons gas/yr

• Future
o

1964 = 50% kids walk or bike to school

o

2004 = 14% kids walk or bike to school (3×  overweight vs. 1960s)

o

25% trips @ 1mile; 40% trips @ 2 miles; 50% working population commutes 5 miles or less to
work

Data Source: www.1wolrd2wheels.org
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While Portland offers a shining example of what a truly bike friendly city can be, as you can see, Florida has
a long way to go before we’ll get mentioned in the same breath as cities like Portland, OR.
Instructor Notes:
As for comparative "bicycle‐friendliness", you can cite the City of Gainesville's designation as a "Bicycle
Friendly City" by the League of American Bicyclists. Contact Dekova Batey in City Public Works for info on
how that is established. LAB probably has a website about it too. Over the years, Gville has been
recognized as a top‐ten bicycle‐friendly medium‐size City by Bicycling magazine, and also recognized in
some research (I'm thinking of the 1994 National Bicycling and Walking Study), but I can't recall all those
citations. At least one of the studies under that NBWS umbrella did comparative statistics about bicycle
lanes/mile, topography, climate, and other factors to rank communities. Again, Dekova may be able to help.
Dennis Scott, the FDOT Bike/Ped Coordinator may also be able to help with comparative analysis. They
have a great website at http://www.dot.state.fl.us/Safety/ped_bike/ped_bike.htm . One caution about the
"bicycle‐friendliness" question ‐ if you look at bicycle crash data, Gainesville is invariably in the top 3 Florida
cities. However, no one has computed that statistic relative to bicycling population, bicycle miles traveled,
etc ‐ so the statistic is more a measure of risk exposure than "bicycle‐unfriendliness."
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Master Planning Case Study: Restoration, Volusia County, Florida
The next few slides revisit the conceptual Restoration community in Volusia County, Florida. The
differences between the 2006 and 2009 plans overall were previously discussed in the case study on
vehicle miles traveled. Here we review the landscape impact differences.
Restoration – changes in master plan (lot size, impervious surface area, irrigable area, etc.) applied to
estimate avoided GHG from initial (2006) to current (2009) plan.
• This 5,187‐acre master plan evolved significantly to respond to the regional context and
environmental needs.
• Restoration will create a mixed‐use, transit oriented, sustainable new town on lands that were
significantly altered from their original ecological state.
• 2006: Total acres: 5,187; Total preserved: 2,867 acres (55%)
• 2009: Total acres: 5,187; Total preserved contiguous habitat for perpetuity: 3,872 acres (73%)
o

1,315 Total Development Acres

o

8,500 Mixed Residential Units

o

3.2 Million sq. ft. of Commercial, Retail, Office, Civic and Medical

o

High School and Elementary School

o

Wetland impacts: 583 acres

o

Approved by DCA early 2011

This is the 2009 Master Plan that was finally adopted (5,187 acres). It has the same number of homes and
actually has more commercial space than the other design.
2006

2009

Preserved

2,814

3,769

Impervious

1,426

980

Landscaped

947

428
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Master Planning Case Study: Restoration, Volusia County, Florida
The next few slides provide information about a comparative case study of two different master plan
concepts for the Town of Restoration, a proposed new community for Volusia, County, Florida. The 2006
master plan was a mix of somewhat “conventional single‐family detached centric subdivision” (on the left)
with some town center style features and an increasingly dated “adult active gated community” with golf
courses and related amenities (on the right).
The 2009 master plan is a much denser, more mixed use “new urbanist” style design with a heavy mix of
single‐family attached and multi‐family dwelling units and a more multi‐modal, more walkable design with
a streetcar inspired central spine and significantly less road work. The beige areas are residential, the
purple areas are schools, the pink/peach areas are mixed use and small‐box light commercial, the red areas
are big‐box commercial and industrial areas. The yellow triangles are centroids used to calculate the likely
vehicle miles traveled by the community residents in order to meet their typical daily needs. These
centroids underwent something called a shortest path/network analysis to evaluate the impacts of the
road design and mixed use integration. The charts that follow give more details.
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Master Planning Case Study: Restoration, Volusia County, Florida
The next few slides provide information about a comparative case study of two different master plan
concepts for the Town of Restoration, a proposed new community for Volusia, County, Florida. The 2006
master plan was a mix of somewhat “conventional single‐family detached centric subdivision” (on the left)
with some town center style features and an increasingly dated “adult active gated community” with golf
courses and related amenities (on the right).
The 2009 master plan is a much denser, more mixed use “new urbanist” style design with a heavy mix of
single‐family attached and multi‐family dwelling units and a more multi‐modal, more walkable design with
a streetcar inspired central spine and significantly less road work. The beige areas are residential, the
purple areas are schools, the pink/peach areas are mixed use and small‐box light commercial, the red areas
are big‐box commercial and industrial areas. The yellow triangles are centroids used to calculate the likely
vehicle miles traveled by the community residents in order to meet their typical daily needs. These
centroids underwent something called a shortest path/network analysis to evaluate the impacts of the
road design and mixed use integration. The charts that follow give more details.
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Master Planning Case Study: Restoration, Volusia County, Florida
The vehicle miles traveled (or VMT) analysis suggests the new urbanist plan would require 41% fewer miles
of travel for its residents. The internal trip miles are from dwellings to commercial, school, and industrial
spaces on property while the external trip miles are from dwellings to the ingress/egress locations for trips
off property.
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Master Planning Case Study: Restoration, Volusia County, Florida
Ultimately, these reduced trips would save avoid a significant amount of new GHG emissions.
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Master Planning Case Study: Restoration, Volusia County, Florida
Furthermore, this case study calculated the amount and the cost of the roadwork for both the 2006 and
2009 master plans. This first chart is for the 2006 master plan.
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Master Planning Case Study: Restoration, Volusia County, Florida
Furthermore, this case study calculated the amount and the cost of the roadwork for both the 2006 and
2009 master plans. This second chart is for the 2009 master plan.
As you can see, the avoided costs and avoided GHG emissions are dramatic and further support the
benefits of appropriate density, mixed use development patterns.
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How We Eat
We’ll continue our discussion of these human activities, with how we eat. We won’t spend too much time
on this topic as there is an entire section on food within the Sustainable Floridians curriculum. However,
this section is provided as additional (pardon the pun) “food for thought” on the complexities of the
provisioning of our food and water and its impacts on human and ecosystem health. We’ll start with water
and then cover food.
Seven (7) Most Harmful Consumer Activities (Page 50)
•

Cars and light trucks

•

Meat and poultry

•

Fruit, vegetables, and grains

•

Home heating, hot water, and air conditioning

•

Household appliances and lighting

•

Home construction

•

Household water and sewage

The Consumer’s Guide to Effective Environmental Choices: Practical Advice from the Union of Concerned
Scientists
Authors: Michael Brower and Warren Leon
Publisher: Three Rivers Press, New York, New York ©1999
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The Energy‐Water Nexus
Water embedded in energy: ~2/5 of U.S. freshwater withdrawals used for electricity production (DOE,
2006)
Energy embedded in water: ~1/8 of U.S. electricity production used for water supply (pumping, treating
and heating water) (River Network, 2009)
Climate change both affecting and affected by water and energy use and management decisions
The EPA estimates that about 8% of the nation’s energy is used to treat, pump, and heat water.
Water droplet image
Source: http://aquaamerica.files.wordpress.com/2010/08/small_water_drops1.jpg
Duke Energy Crystal River Power Plant cooling tower
Source: Hal Knowles, University of Florida
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The Energy‐Water Nexus
Energy and power production requires water for: thermoelectric cooling; hydropower; fuel production;
emissions controls; and energy minerals extraction and mining. Water production requires energy for:
collection of groundwater, surface water, and seawater; pumping; conveyance; treatment; delivery and
distribution.
The DOE (2006 “Energy Demands on Water Resources” Report to Congress) estimated that “in calendar
year 2000, thermoelectric power generation [coal, nuclear, natural gas] accounted for 39% of all freshwater
withdrawals in the U.S., roughly equivalent to water withdrawals for irrigated agriculture.”
(http://www.sandia.gov/energy‐water/congress_report.htm). Embedded water intensity is measured as
gallons/MWhe
The River Network estimates that about 13% (1/8) of U.S. electricity (=520 Billion kWh/yr) is used for water
supply – to pump, heat, and treat water. “This is double what is generated by all of the nation’s
hydroelectric dams in an average year and equal to the output of over 150 typical coal‐fired power plants”
(http://www.rivernetwork.org/water‐energy‐nexus). Embedded energy intensity is measured as
KWh/gallon or MWh/MG.
The EPA estimates that about 8% of the nation’s energy is used to treat, pump, and heat water.
Water droplet image
Source: http://aquaamerica.files.wordpress.com/2010/08/small_water_drops1.jpg
Duke Energy Crystal River Power Plant cooling tower
Source: Hal Knowles, University of Florida
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The Energy‐Water Nexus
Energy and power production requires water for: thermoelectric cooling; hydropower; fuel production;
emissions controls; and energy minerals extraction and mining. Water production requires energy for:
collection of groundwater, surface water, and seawater; pumping; conveyance; treatment; delivery and
distribution.
The DOE (2006 “Energy Demands on Water Resources” Report to Congress) estimated that “in calendar
year 2000, thermoelectric power generation [coal, nuclear, natural gas] accounted for 39% (2/5) of all
freshwater withdrawals in the U.S., roughly equivalent to water withdrawals for irrigated agriculture.”
(http://www.sandia.gov/energy‐water/congress_report.htm). Embedded water intensity is measured as
gallons/MWhe
The River Network estimates that about 13% (1/8) of U.S. electricity (=520 Billion kWh/yr) is used for water
supply – to pump, heat, and treat water. “This is double what is generated by all of the nation’s
hydroelectric dams in an average year and equal to the output of over 150 typical coal‐fired power plants”
(http://www.rivernetwork.org/water‐energy‐nexus). Embedded energy intensity is measured as
KWh/gallon or MWh/MG.
The EPA estimates that about 8% of the nation’s energy is used to treat, pump, and heat water.
Water droplet image
Source: http://aquaamerica.files.wordpress.com/2010/08/small_water_drops1.jpg
Duke Energy Crystal River Power Plant cooling tower
Source: Hal Knowles, University of Florida
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The Energy‐Water Nexus
Estimate carbon footprint and carbon intensities of alternative water supplies (and final blended product).
Explain the difference between how we define and measure ”footprint” and “intensity” and why this
matters for interpretation of results.
Energy and power production requires water for: thermoelectric cooling; hydropower; fuel production;
emissions controls; and energy minerals extraction and mining. Water production requires energy for:
collection of groundwater, surface water, and seawater; pumping; conveyance; treatment; delivery and
distribution.
The EPA estimates that about 8% of the nation’s energy is used to treat, pump, and heat water.
Water droplet image
Source: http://aquaamerica.files.wordpress.com/2010/08/small_water_drops1.jpg
Duke Energy Crystal River Power Plant cooling tower
Source: Hal Knowles, University of Florida
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Residential Water End Uses
The chart tells it all. The moral of the story, especially here in Florida, is that your landscape is your water
cross to bear. Fix it first and fix it profoundly! All the other fun technological fixes like fancy “high‐efficiency
toilets” (HETs), front‐loading washing machines, low‐flow shower heads, etc. are peanuts compared to the
beneficial fixes you can make in your landscape.
Note, Tampa was one of the 12 national study sites which informed this chart. The outdoor water use
percentage is even higher than this national average for most parts of Florida.
Source: AWWA (1999)
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Turf Landscapes: GHG By Water Supply
The USGS estimates that, during certain times of the year, 25‐75% of residential water use is for outdoor
purposes (primarily lawn watering).
Information taken from FDEP’s “Sustaining Our Water Resources: Annual Report on Regional Water Supply
Planning, March 2010”
Irrigation accounts for over 50% of residential water use… Estimates statewide range from 30%‐70%.
This chart shows the outcomes of various impacts of residential turf landscapes using UF/PREC analysis
conducted by Jennison Kipp and applied to a hypothetical landscape by Barbra Larson – as calculated from
TBW member governments estimates of demand for non‐potable use plus average residential landscaped
area.
Graphic Source: Jennison Kipp & Barbra Larson, University of Florida Program for Resource Efficient
Communities
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Bungalow studio prior to building and landscape improvements. (Photo courtesy: Dix.Lathrop)
Dix.Lathrop and Associates, Inc. (DLA) restored a 1925 Craftsman Bungalow on a 1/3‐acre site located
adjacent to its existing office in the Historic District of Longwood, Florida. This expansion to DLA’s
landscape architecture corporate campus is on the National Historic Register of Historic Places.
The existing landscape condition consisted of conventional residential turfgrass and some sparse
ornamentals. This image shows the site prior to improvements. Their project goals were as follows:
•

Limit long‐term inputs (water, fertilizer, pesticides, & maintenance equipment).

•

Utilize diverse design styles for natives with a “neat” look close to building & a “native/wild” look in
the restoration garden.

•

Maximize low impact development & resource efficient landscape principles such as: (a) site
appropriate natives & drought tolerant ornamentals (90%); (b) supplement existing tree canopy; (c)
encourage wildlife habitat; (d) minimize runoff via a rain barrel; and (e) manage stormwater
quality/quantity (rain barrel, rain garden, & pervious parking area). Raingarden species used include
Sabal minor, Pityopsis graminifolia, Tradescantia virginiana, Nolina brittoniana, Eragrostis
spectabilis and Erogrostis elliottii.
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Front yard planting with structured use of natives complemented with pots to add a splash of color.
(Photo courtesy: Dix.Lathrop)
This post‐improvement image showcases the integration of historic preservation and resource efficient
design through several distinct garden spaces and multi‐function stormwater treatment areas. A permit
exemption allowed DLA to adaptively reuse the previous residential structure as a new commercial facility.
The code‐mandated parking was provided through a pervious eucalyptus mulched area complementing the
pine straw walkways and landscape beds.
A site soil examination and watershed pattern analysis prompted DLA to experiment with a mixture of
native woody landscape plants and grasses. This landscape plan utilized native perennials as season
changing accents to re‐establish the historical longleaf pine/turkey oak hill habitat adjacent to an upland
hardwood hammock. The low impact design and site appropriate plant species have reduced on‐going
maintenance impacts. Specifically, energy use and greenhouse gas emissions are avoided as a result of the
following: (1) reduced water pumping, delivery, and on‐site irrigation; (2) reduced application of inorganic
(i.e., fossil fuel based) fertilizer; (3) reduced need for pesticides; and (4) reduced need for fossil fuel based
lawn equipment. Existing Prunus caroliniana, and Quercus laurifolia were complemented by a new
foundation of Pinus palustris and accents of Sabal palmetto, Sabal minor, Serenoa repens, Viburnum
dentatum, Zamia floridana, Callicarpa americana, and pots planted with colorful ornamentals and Agave
Americana. Grasses, including Aristida stricta and Muhlbergia capillarus, were interwoven with herbaceous
plants and perennials, including Liatris tenuifolia, Solidago spp., and Pityopsis graminifolia.
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Side yard view of native restoration garden in its first year of planting. (Photo courtesy: Dix.Lathrop)
Plant maintenance, though more manual in nature, is less frequent than conventional landscapes
(quarterly vs. weekly/monthly). No gasoline powered equipment is necessary. Hand labor is used to prune
and weed plants. Mulch is replenished annually for areas requiring cover. Fertilizer was applied only at the
time of original plant installation and no re‐fertilization has been necessary. In retrospect, low volume
micro‐jet irrigation for plant establishment could have been shut off earlier than the 18 months (78 weeks)
used in the native restoration garden. One University of Florida study suggests “most shrubs [reach] a point
when regular irrigation could be discontinued between 12 and 28 weeks after planting as defined by
reaching a root spread to canopy ratio of 1.0 or greater.” Specifically, drought‐tolerant species such as
Aristida stricta and Liatris tenuifolia would have benefited from less irrigation. However, the Solidago spp.
has successfully reseeded both seasons, and increased in area, since installation.
http://hort.ifas.ufl.edu/irrigation/
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Landscape Design & Maintenance Impacts. (Data courtesy: Dix.Lathrop)
This chart shows a comparison of the benefits of the more naturalized landscape improvements.
1

Conventional calculations convert Florida averages into the equivalent size landscaped area as the case
study. See the urban turf case study for full details, assumptions, and calculations for average impacts per
1,000 SF of conventional turf landscape.

2

Kgal = kilogallons. Lbs = pounds. N = nitrogen. AI = active ingredients. Mo = month. Yr = year. CO2e =
carbon dioxide equivalent. $ = dollars. Gal = gallons of gasoline.

3

Assumes groundwater irrigation source and uses GHG emissions coefficients from Tampa Bay Water
carbon footprint study.

4

Assumes groundwater irrigation source and uses GHG emissions coefficients from Tampa Bay Water
carbon footprint study.

5

Assumes groundwater irrigation source and uses GHG emissions coefficients from Tampa Bay Water
carbon footprint study.
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Master Planning Case Study: Restoration, Volusia County, Florida
The next few slides revisit the conceptual Restoration community in Volusia County, Florida. The
differences between the 2006 and 2009 plans overall were previously discussed in the case study on
vehicle miles traveled. Here we review the landscape impact differences.
This is the 2006 Master Plan for Restoration (5,187 acres), it was a typical gated, adult active golf course
community. It ran into trouble gaining approvals.
2006

2009

Preserved

2,814

3,769

Impervious

1,426

98

Landscaped

947

428
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Master Planning Case Study: Restoration, Volusia County, Florida
The next few slides revisit the conceptual Restoration community in Volusia County, Florida. The
differences between the 2006 and 2009 plans overall were previously discussed in the case study on
vehicle miles traveled. Here we review the landscape impact differences.
Restoration – changes in master plan (lot size, impervious surface area, irrigable area, etc.) applied to
estimate avoided GHG from initial (2006) to current (2009) plan.
•

This 5,187‐acre master plan evolved significantly to respond to the regional context and
environmental needs.

•

Restoration will create a mixed‐use, transit oriented, sustainable new town on lands that were
significantly altered from their original ecological state.

•

2006: Total acres: 5,187; Total preserved: 2,867 acres (55%)

•

2009: Total acres: 5,187; Total preserved contiguous habitat for perpetuity: 3,872 acres (73%)

•

1,315 Total Development Acres

•

8,500 Mixed Residential Units

•

3.2 Million sq. ft. of Commercial, Retail, Office, Civic and Medical

•

High School and Elementary School

•

Wetland impacts: 583 acres

•

Approved by DCA early 2011

This is the 2009 Master Plan that was finally adopted (5,187 acres). It has the same number of homes and
actually has more commercial space than the other design.
2006

2009

Preserved

2,814

3,769

Impervious

1,426

980

Landscaped

947

428
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Master Planning Case Study: Restoration, Volusia County, Florida
The last two slides revisit the conceptual Restoration community in Volusia County, Florida. The differences
between the 2006 and 2009 plans overall were previously discussed in the case study on vehicle miles
traveled. Here we review the landscape impact differences. This chart expands the previous lot level
landscape analysis into a community wide assessment.
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How We Eat
We’ll continue our discussion of these human activities, with how we eat. We won’t spend too much time
on this topic as there is an entire section on food within the Sustainable Floridians curriculum. However,
this section is provided as additional (pardon the pun) “food for thought” on the complexities of the
provisioning of our food and water and its impacts on human and ecosystem health. We’ll start with water
and then cover food.
Seven (7) Most Harmful Consumer Activities (Page 50)
• Cars and light trucks
• Meat and poultry
• Fruit, vegetables, and grains
• Home heating, hot water, and air conditioning
• Household appliances and lighting
• Home construction
• Household water and sewage
The Consumer’s Guide to Effective Environmental Choices: Practical Advice from the Union of Concerned
Scientists
Authors: Michael Brower and Warren Leon
Publisher: Three Rivers Press, New York, New York ©1999
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Carbon Footprint of the Average American Household Across Major Consumption Sectors
The last several slides reviewed water within the home. Obviously, all goods and services that help to
enable how we eat, dwell, move, and commune include a water footprint. We have not covered the water
impacts of our agricultural sector and we won’t here. However, this slide gives a reasonable proxy for how
energy consumption is distributed across these major sectors as given by their greenhouse gas (GHG)
emissions footprint. Note, they reference goods and services from a narrower definition than we have
been thus far in our dialogue (though they give some details about what falls within each sector).
The biggest climate offender (and thus likely the biggest fossil fuel energy consumer) is in how we move. As
we previously discussed in Florida, how we dwell appears to consume more energy than how we move.
Next comes food.
Study Figure 1. Total carbon footprint of the typical U.S. household: 48 t CO2e/yr. Blue indicates direct
emissions; green indicates indirect emissions.
Published in: Christopher M. Jones; Daniel M. Kammen; Environ. Sci. Technol. 2011, 45, 4088‐4095.
http://dx.doi.org/10.1021/es102221h
Copyright © 2011 American Chemical Society
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Magnitude and Cost of GHG Emissions Avoided Through Various Lifestyle Changes
This chart provides the 13 largest cost negative lifestyle changes that a typical American household can
make. Note, this chart does not include changes that are cost positive (i.e., require a positive value on the
price of carbon in order to receive a return). Some of those cost positive changes can have strong benefits.
Yet all 13 of these changes are possible in the absence of any pricing on carbon. The wider the bar, the
larger the magnitude of GHG emissions avoided. The longer the bar (and thus the higher the dollar value
when looking in the downward direction), the more economically feasible these measures are.
Do you intuitively agree with their findings from the last two slides?
Do you find anything about which you may disagree?
In another short story about our Cooperative Extension Agent from the 1950s retrofit case study, you’ll see
areas where he disagrees, quite strongly, with the suggested impact of different dietary choices.
Study Figure 5. Greenhouse Gas (GHG) abatement curve for average U.S. household. X‐axis is annual GHG
savings; y‐axis is levelized annual cost of mitigation measures per metric ton of CO2e conserved. Green
bars are for changing diets; yellow bars with blue outline are transportation; gray bars are household
energy.
Published in: Christopher M. Jones; Daniel M. Kammen; Environ. Sci. Technol. 2011, 45, 4088‐4095.
http://dx.doi.org/10.1021/es102221h
Copyright © 2011 American Chemical Society
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The Human Ecosystem
But first, let’s think about the human body for a moment as its important to understand what we are
before we can have a thoughtful dialogue about ideal dietary choices.
While we often think of ourselves as this singular ego‐driven living being, humans might better be
described as an ecosystem than an organism as the total number of cells in the human microbiome
(approximately 100 trillion) are an order of magnitude more than our human cells (approximately 10
trillion) (Zimmer 2011). Many of these microbial hitchhikers on our bodies are critical to human health and
wellness (V. Brown 2010; Dunn 2011; Cogen et al. 2008). A recent study by researchers at the University of
Florida found “that the variety of bacteria in a child’s digestive tract is strongly linked to whether that child
develops type 1 diabetes,” primarily as a result of shifting balances in bacterial populations and an overall
loss of microbiotic diversity in the gut (Hutson 2010). That is but a local tip of a very deep iceberg. And the
deeper down we swim, the more subsurface ice we see. It’s quite possible that our very thoughts and
actions are driven in part by the microbiota which our bodily system hosts.
So what does this ever growing realization of our own sense of being mean within the context of
sustainability? For me, it means that we need to start viewing things like a cell, an organ, a organism, an
ecosystem, ad infinitum, as one arbitrarily, though conversationally convenient, boundary of a system
nested within other systems. Like a metaphorical Russian doll, the potential self‐similar nature of our
reality, where parts are also wholes and vice‐versa, has been suggested in art and culture for generations.
Within this section on food and energy, I’d like to ask everyone to think back to the energy literacy points
made about energy flows across food webs. Given what we know about these flows in natural systems, it
becomes clear to me that our food system is overly focused on managing for a select handful of species
grown in monocultures instead of managing for ecosystems that offer an abundance and diversity of edible
species of plants and animals.
How do you feel about these realizations of the human ecosystem?
Image Source: Bryan Christie, http://www.psmag.com/science/bacteria‐r‐us‐23628/
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Supporting Literature:
• Cho, Ilseung, and Martin J. Blaser. “The Human Microbiome: At the Interface of Health
and Disease.” Nature Reviews Genetics 13, no. 4 (April 1, 2012): 260–270.
doi:10.1038/nrg3182. http://www.nature.com/nrg/journal/v13/n4/full/nrg3182.html
• “The Human Microbiome: Me, Myself, Us.” The Economist, August 18, 2012.
http://www.economist.com/node/21560523.
http://www.economist.com/node/21560523
• Zimmer, Carl. 2011. “The Wired Atlas of the Human Ecosystem.” WIRED. September
27. http://www.wired.com/magazine/2011/09/mf_microbiome/
• Specter, Michael. 2012. “Germs Are Us.” The New Yorker, October 22.
http://www.newyorker.com/reporting/2012/10/22/121022fa_fact_specter
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Today (Poorer Practice): Food (Plant Monoculture)
Today’s agricultural practices are often one or two crops with heavy inputs and highly mechanized
managing, including fossil fuel intensive equipment and fertilizers. These practices degrade the inherent
benefits of arable land and are not sustainable over the long term regardless of the crop in question.
Image Source:
http://www.agriculture.purdue.edu/connections/fall2004/galleries/Millennium/images/TrioP8190013_jpg.
jpg
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Source: http://www.specialtyproduce.com/ProdPics/6393.jpg
Pollan, Michael. 2004. The Omnivore’s Dilemma: A Natural History of Four Meals. Pg. 167
“A one‐pound box of prewashed lettuce contains 80 calories of food energy. According to Cornell
ecologist David Pimentel, growing, chilling, washing, packaging, and transporting that box of organic
salad to a plate on the East Coast takes more than 4,600 calories of fossil fuel energy, or 57 calories of
fossil fuel energy for every calorie of food. (These figures would be about 4 percent higher if the salad
were grown conventionally.)”
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Source:
http://www.kosher.com/KosherProduce/FreshVegetables/PackagedSaladMixes/MixedBabyGreensOrganic.
html
Pollan, Michael. 2004. The Omnivore’s Dilemma: A Natural History of Four Meals. Pg. 167
“A one‐pound box of prewashed lettuce contains 80 calories of food energy. According to Cornell
ecologist David Pimentel, growing, chilling, washing, packaging, and transporting that box of organic
salad to a plate on the East Coast takes more than 4,600 calories of fossil fuel energy, or 57 calories of
fossil fuel energy for every calorie of food. (These figures would be about 4 percent higher if the salad
were grown conventionally.)”
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Source: http://www.wellton‐mohawk.org/gallery.html?g2_itemId=1842
Pollan, Michael. 2004. The Omnivore’s Dilemma: A Natural History of Four Meals. Pg. 167
“A one‐pound box of prewashed lettuce contains 80 calories of food energy. According to Cornell
ecologist David Pimentel, growing, chilling, washing, packaging, and transporting that box of organic
salad to a plate on the East Coast takes more than 4,600 calories of fossil fuel energy, or 57 calories of
fossil fuel energy for every calorie of food. (These figures would be about 4 percent higher if the salad
were grown conventionally.)”
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Why the Current Monoculture Crop Model of Food Production is an Energetic and Ecological Dead End
Humans like weeds and annuals, evolved to rapidly spread its seed and colonize after disturbance.
Uniquely, humans have also evolved to serve as the most disruptive force in Earth’s history. Coincidentally,
we both create disturbance and flourish from the slash and burn approach.
The “Fat Man” atomic bomb was dropped on Nagasaki, Japan on August 9, 1945 with the power of 21,000
tons of TNT.
Source: http://en.wikipedia.org/wiki/File:Nagasakibomb.jpg
“…we humans, a single species among millions, consume about 40 percent of Earth’s primary productivity,
40 percent of all there is.” (4th paragraph)
“Farming is the process of ripping that niche open again and again. It is an annual artificial catastrophe, and
it requires the equivalent of three or four tons of TNT per acre for a modern American farm. Iowa’s fields
require the energy of 4,000 Nagasaki bombs every year.” (10th paragraph)
“On average, it takes 5.5 gallons of fossil energy to restore a year’s worth of lost fertility to an acre of
eroded land – in 1997 we burned through more than 400 years’ worth of ancient fossilized productivity,
most of it from someplace else.” (14th paragraph)
Quote Source: Manning, Richard. 2004. The oil we eat: Following the food chain back to Iraq. Harper’s.
http://www.harpers.org/archive/2004/02/0079915
“The study, which pulls together statistics on soil erosion from more than 125 sources, reports: (1) The
United States is losing soil 10 times faster ‐‐ and China and India are losing soil 30 to 40 times faster ‐‐ than
the natural replenishment rate; (2) The economic impact of soil erosion in the United States costs the
nation about $37.6 billion each year in productivity losses. Damage from soil erosion worldwide is
estimated to be $400 billion per year; (3) As a result of erosion over the past 40 years, 30 percent of the
world's arable land has become unproductive…”

110

Source: http://www.news.cornell.edu/stories/march06/soil.erosion.threat.ssl.html
“For every unit of food we consume, using the conventional agricultural methods employed
in the U.S., six times that amount of topsoil is lost. Since, according to the U.S. Food and Drug
Administration, the average person eats a ton of food each year, that works out to 12,000
pounds (5,443 kilograms) of topsoil. John Jeavons estimates that using current farming
practices we have 40 to 80 years of arable soil left.”
Source: http://odewire.com/50849/the‐joy‐of‐dirt.html
“Humans are now an order of magnitude [i.e., 10 times] more important at moving sediment
than the sum of all other natural processes operating on the surface of the planet.
Relationships between temporal trends in land use and global population indicate that
humans became the prime agents of erosion sometime during the latter part of the first
millennium A.D.”
Source: Wilkinson, Bruce H. “Humans as Geologic Agents: A Deep‐time Perspective.” Geology
33, no. 3 (2005): 161. http://dx.doi.org/10.1130/G21108.1
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Today (Poorer Practice): Food (Animal Monoculture)
The same points about grains and vegetables can be made about livestock. We treat the animals
inhumanely by subjecting them to conditions for which they have not evolved and thus they suffer, the
quality of their bodies (and thus its meat) suffers, and the landscape suffers.
Source: http://thewinewench.com/wp‐content/uploads/2010/11/CAFO‐Cows‐in‐excrement‐2.jpg
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Yesteryear: Food (Adapted to Landscape)
Not long ago Florida’s ranchers managed “cracker cattle” in a fenceless approach much more akin to the
wild migrations of megafauna that were dominate in the Florida peninsula during the last glacial peak (i.e.,
ice age). These megafauna included sabre tooth tigers and mastodons to name two.
Figure: "The Watering Hole" is one of the paintings featured in the SFCC MOFAC exhibit, Keith Martin
Johns: The Florida Cracker Trail. The exhibit is on display at MOFAC through March 27.
http://www.southflorida.edu/news/default.aspx?sid=155
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Today (Better Practice): Food (Agricultural Urbanism)
In today’s better practices, former urban land uses are being returned to cultivation in a movement
referred to as “agricultural urbanism.” This image shows a section of the City of Havana, Cuba. Prior to the
collapse of the Soviet Union, Cuba had an agricultural system every bit as centralized and fossil fuel
intensive as that which we see in the United States. Yet immediately after the dissolution of the Soviet
Union, Cuba entered what is now referred to as the “special period.” In a sense this period was their own
mini‐peak oil moment as the country has minimal energy resources and depended almost entirely on
Soviet imports.
During and after the special period, the country had to rapidly return to a low input, more naturalized and
organic style of farming. Unused city lots and larger parcels along the outskirts became impromptu urban
gardens. Many cities around the world are now undertaking agricultural urbanism projects. The City of
Detroit, Michigan has ambitious plans to dramatically shrink the city and thus improve the function of its
over extended civic services. Within these plans are agricultural components.
Plan to shrink Detroit gets boost from foundation
http://bettercities.net/article/plan‐shrink‐detroit‐gets‐boost‐foundation‐19314
Image Source: http://urbanhabitat.org/node/4845?size=preview
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Today (Better Practice): Food (Agroecology)
Unlike the CAFO aspect of managing livestock as if they were a monoculture of inanimate slabs of meat,
the real ranchers grazing livestock in diverse ecological habitats are providing goods and services well
beyond food. Agroecology, the fusion of agronomy and ecology, is “the application of ecological science to
the study, design, and management of sustainable agriculture [and food systems]” (De Schutter &
Vanloqueren 2011). Differentially “interpreted as a scientific discipline, as a movement or as a practice,”
(Wezel & Soldat 2009) agroecology arose in response to the “sharp increase in pest outbreaks [and
downstream pollution] in modern monocultures” and the increased understanding and observance of “the
effectiveness of traditional farming systems” (Wezel & Soldat 2009). By better “valuing nature,”
agroecology strives for mutually beneficial agricultural and ecological outcomes such as more balanced
nutrient flows, improved soil conditions, more natural microclimate management, and enhanced
biodiversity, genetic diversity, and biological interactions (Farley et al. 2012).
It could be argued that cattle ranching and silviculture, both long established in Florida for many hundreds
of years, are the predominant drivers of land conservation and management across the state. One
potential starting point for agroecology might be to revisit the relationship between rangelands, pinelands,
and ruminants that once defined Florida’s past. Early European settlers found suitable “free” foraging
services for their cattle in the open, grassy, fire‐dependent longleaf pine ecosystem predominant in the
Southeastern United States at that time. Descendants of Spanish cattle brought to Florida in the 1500s,
Florida Cracker Cattle once roamed through our state’s scrubby flatwoods and unimproved pastures.
Though typically smaller, with low milk production, and lacking the full suite of characteristics selected for
in modern industrial beef cattle, these Cracker Cattle survived and adapted to the low quality nutrition
found in these natural Florida habitats. In fact, these very adaptations embody the principles of
agroecology in that these Cracker Cattle have excellent longevity (often calving past 20 years old), possess
high heat tolerance, require limited (potentially no) antibiotics nor growth hormones, may have increased
resistance to internal parasites (thus precluding the need for chemical controls), and can serve as natural
habitat management systems via their less restrictive grazing preferences (potentially even offsetting or
replacing existing mechanical, chemical, and/or fire management regimes).
Image Source: Clint Lightsey moves cattle to the cowpen. Lightsey Cattle Company received the 2006
Environmental Stewardship Award from the National Cattlemen's Association. [Photo by Carlton Ward, Jr.]
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http://www.tampabay.com/blogs/alleyes/content/book‐feature‐florida‐cowboys‐carlton‐
ward‐jr
Narrative Resources:
•

Hoffman, Ryan S, Paul D Capel, and Steven J Larson. 2009. “Comparison of Pesticides
in Eight U.S. Urban Streams.” Environmental Toxicology and Chemistry 19 (9)
(November 2): 2249–2258. doi:10.1002/etc.5620190915.
http://onlinelibrary.wiley.com/doi/10.1002/etc.5620190915/abstract.

•

http://www.rodaleinstitute.org/fst30years

•

http://www.auburn.edu/academic/forestry_wildlife/longleafalliance/teachers/teach
erkit/cattlerange.htm

•

http://crackercattle.org/what.shtml

•

http://crackercattle.org/documents/CrackerCattleinSilvopastureSystems.pdf
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Tomorrow: Food (Restorative Ecosystem Management)
Beyond simple nostalgia, there are emerging trends that suggest revisiting our past may reap a reward in
the future. Rotational grazing and holistic management, are maturing and receiving international
recognition as evidenced by the 2010 Buckminster Fuller Challenge Winner, “Operation Hope: Permanent
water and food security for Africa’s impoverished millions.” Compared to their confined and sheltered
counterparts, one USDA study found that pastured dairy cows foraging exclusively on perennial grasslands
reduced air pollution, reduced greenhouse gas emissions, produced more high quality fat and protein,
reduced sediment erosion by 87%, and reduced phosphorous runoff by 23%. Other studies suggest that
replacing the great plains grasslands with monocultures of grain crops has destroyed the soil and magnified
the GHG emissions of agriculture. In many ways, it is feeding ruminant animals grains that gives them a bad
rap from a dietary climate impact. It may be possible to reverse the climate impact of beef, lamb, and
chicken (and maybe even offset a major portion of human GHG emissions) by returning these dysfunctional
crop monocultures into high quality grassland polycultures grazed by high intensity pulses of animals
managed holistically.
Furthermore, a recent study suggests that versus conventional concentrated grain‐finished practices, beef
produced from grass‐finished cattle provides “lower total saturated and monounsaturated fat content with
higher contents of n‐3 fatty acids and a lower n‐6 to n‐3 ratio…[and] greater contents of B‐vitamins and
antioxidants (vitamin E and beta‐carotene)” (Duckett et al. 2009, p.2961). A first of its kind “randomized,
double‐blinded, dietary intervention study” on the consumer blood profile effects of eating beef from
these competing production processes suggested, “consuming red meat from grass‐fed animals compared
with concentrate‐fed animals as part of the habitual diet can significantly increase consumer plasma and
platelet LC n‐3 PUFA status” (McAfee et al. 2011, p.80). Another Australian study investigating the
differences in the “low‐grade inflammatory response (‘metainflammation’)” resulting from consuming
“modern” industrial meat (i.e., wagyu beef) versus lean game meat (i.e., kangaroo) concluded markers of
inflammation within the body were significantly higher after eating the “modern” industrial meat versus
the game meat (which is likely a close proxy for grass‐fed/finished beef) (Arya et al. 2010).
Ranchers in Florida are already finding profitable business models and winning awards for practices
focused on exclusively pastured livestock ranching models., One multi‐generational ranch in Georgia, White
Oak Pastures run by the Harris family, returned to these “traditional” methods in 1995 when the fourth
generation came “full circle…reinstituted the multi‐species rotational grazing practices of his
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forefathers…[and] made the conscious decision to return to a production system that is
better for the environment, for our animals, and for the people who eat our meats” after the
third generation “eroded” the legacy practices by introducing a “bevy of new chemical tools
to the farm,” shifting to calf production only, and replacing on‐site abattoirs with “centralized
and distant” industrial concentrated animal feeding areas (CAFOs). The “Appalachian
Pasture‐Raised Beef: Economic, Market, & Risk Assessment” project conducted by West
Virginia University through funding by the USDA/ARS, found this beef production model is
“potentially more profitable…[earning] more than double that required to cover operating
expenses…[provides reduced] price risk [and less volatility than live cattle prices] by direct
marketing harvested beef…showed overwhelming [consumer] preference for grass‐fed
product…[with] appearance and nutritional information most commonly cited reasons for
preference…[and demanded] retail‐level premiums of $2 to $5 per pound above
conventional beef prices.”
Maybe consumers are finally waking up to the benefits of grass‐fed/finished beef practices?
From books, to movies, to television shows, to mainstream magazines, to web‐based
sourcing lists, this “clean meat movement” continues to grow. Demand for the “artisanal”
product of this more ancestral food system model is even going mainstream here in the
Southeastern U.S., as evidenced by White Oak Pastures grass‐fed beef, lamb, and poultry
being available in Florida and Georgia supermarkets such as Publix and Whole Foods and via
direct on‐site community supported agriculture (CSA) memberships.
Image Source: http://www.csmonitor.com/Environment/2012/0729/New‐breed‐of‐ranchers‐
shapes‐a‐sustainable‐West
Narrative Resources:
• http://www.youtube.com/watch?v=FcWgiOJjzVc&feature=player_embedded&mid=55
023
• http://www.savoryinstitute.com/
• http://www.miller‐mccune.com/environment/roving‐herds‐of‐grazing‐climate‐helpers‐
22521/
• http://challenge.bfi.org/winner_2010
• http://www.ars.usda.gov/is/AR/2011/may11/cows0511.htm
• http://southeastfarmpress.com/livestock/florida‐s‐grazing‐lands‐stewardship‐award‐
announced
• http://www.deeprootsmeat.com
• http://www.cognitofarm.com
• http://www.youtube.com/watch?v=PpaI0QS_YC0
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• https://whiteoakpastures.com/tradition.html
• Quotes excerpted from project conference poster preliminary findings. Additional
resources include:
o http://webtest.wvu.edu/users/vkomarne/tanya0725/;
o http://ageconsearch.umn.edu/bitstream/20268/1/sp04ev01.pdf;
o http://www.wvu.edu/~agexten/forglvst/PFBPrpt.pdf
• http://www.amazon.com/Good‐Meat‐Complete‐Sourcing‐
Sustainable/dp/1584798637
• http://www.imdb.com/title/tt1286537/
• http://www.pbs.org/wnet/nature/episodes/holy‐cow/green‐beef‐catches‐on/1810/
• http://www.time.com/time/magazine/article/0,9171,1200759,00.html
• http://eatwild.com/environment.html
• www.commercialappeal.com/news/2011/jan/25/clean‐meat‐movement‐crossing‐
into‐mainstream
• http://artisanbeefinstitute.com/artisan‐beef/grass‐fed‐white‐oak‐pastures‐gateway‐
beef/
• https://whiteoakpastures.com/retail‐stores.html
• http://www.treehugger.com/green‐food/in‐defense‐of‐the‐cow‐how‐eating‐meat‐
could‐help‐slow‐climate‐change.html
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Energy & Food: The Cost of Convenience (1997 – 2002)
Energy used by the US food system accounted for 80% of the increase in American energy use between
1997 and 2002, according to a recent report from the USDA’s Economic Research Service. Other
remarkable conclusions of the analysis include:
• Food system energy use increased by 22.4% while total energy use rose by just 3.3%.
• On a per capita basis, total energy use actually fell by 1.8%, but food system energy use was still up
by 16.4%.
• Putting food on the plate of the average American required 2.4 million BTU more in 2002 than in
1997. (To put this in context, total per capita energy consumption of 20 nations was less than 2.4
million BTU in 2002.)
• The period between 2002 to 2007 likely saw another jump in food system energy use that far
exceeded the increase observed in the rest of the US economy.
How does the way we eat have such a big effect on the amount of energy we use? According to this report,
about half of the change is due to increased use of labor saving devices, with the remainder being split
between population growth and changing food choices. Fewer people are farming, processing, cooking,
and cleaning. Machines do the work for us, and consume more energy to do it. The report cites the
following examples:
• Between 1996 and 2006 farm labor use fell by nearly 30%, while farm equipment use increased by 10%;
• 16,000 fewer people were employed in food preparation in 2000 than in 1996, but 4,800 more got jobs in
food manufacturing;
• The average time spent cooking and cleaning fell from 65 minutes to 31 minutes between 1965 and 1995.
Household energy use was the biggest slice of the food system energy pie in both 1997 and 2002, followed
by wholesale/retail, processing, and farming. Transportation was the smallest segment, followed by
packaging and food services. Growth in energy consumption was fastest in the processing and food
services sectors. The wholesale/retail segment was distinguished as the only area in which energy use
declined.
Chart Source: http://www.energybulletin.net/node/52921
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Global Costs (Climatically & Financially) of Non‐Communicable Diseases (NCDs)
The key take home point from these various statistics is that human health is both directly affected by the
quality of our environment…and in an ironic twist, the poorer our health, the worse it affects our
environment, and thus the more profoundly it magnifies disease patterns within humans. As a result of the
nature of the human brain‐gut‐skin axis of organs, our health is arguably most dramatically affected by
what we eat and apply to our skin. More simply put, the things that pass through the external boundary of
our skin. It’s also important to note that the inside of our entire gastro‐intestinal tract is actually “outside”
of our body. Thus much of the food that enters our mouths doesn’t actually enter our body, we merely
suck out the energy and nutrients from the larger mass of material and expel the less useful waste. In some
ways the GI tract is simply an organic information super highway that prompts our epigenomes to mark the
genomes within the internal human ecosystem (including both human and non‐human cells) for expression
based on the real time conditions in the external world. I believe this information exchange system is
damaged and operates out of rhythm with the historic patterns of our genetic heritage and thus we are
failing to achieve our genetic potential. We cannot resolve these NCDs without fixing how we eat. And we
cannot fix how we eat without restoring true ecosystem function.
The details on the healthcare emissions come from the EIOLCA Estimates of Greenhouse Gas Emissions
From the US Health Care Sector Based on National Expenditures, 2007a
Source: http://jama.ama‐assn.org/content/302/18/1970.full

“Major modifiable risk factors refer to characteristics that societies or individuals can change to improve
health outcomes. WHO typically refers to four major ones for NCDs: poor diet, physical inactivity, tobacco
use, and harmful alcohol use (WHO, 2011a).” (pg. 9)
Source: World Economic Forum – The Global Economic Burden of Non‐Communicable Diseases.
http://www.weforum.org/reports/global‐economic‐burden‐non‐communicable‐diseases

Two‐thirds of the increase in U.S. health care spending is due to increased prevalence of treated chronic
diseases.
Source: http://www.rwjf.org/pr/product.jsp?id=45728
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Human History in Generations
For some final perspective in the case study of our previously reference Cooperative Extension Agent. He
said that shortly after selling his vehicle and becoming a bicycle commuter, he also began to make changes
in his diet and lifestyle. Inspired by some information that was passed on to him by his mother after she
read “Good Calories, Bad Calories” by Gary Taubes, this Agent began a slow evolution into what has been
termed the “paleolithic” or “primal” lifestyle. Its important to note that this agent had spent the prior 10
years of his life moving ever deeper toward the vegetarianism espoused by the conventional wisdom of
sustainability.
Though he never really achieved full blown vegetarianism as he still ate eggs, fish, and occasionally poultry,
he was noticing an increasing array of health ailments that belied his early 30s age. These included being
40 pounds overweight, having migraine headaches, having arthritis in his hands and feet, having a mix of
gastro‐intestinal challenges and discomforts, having patchy skin prone to inflamatory responses, and having
frequent colds and sinus infections to name a few things. To test whether his diet was contributing to his
ailments, he switched to a primal lifestyle high in good fats (e.g., grass fed butter, tallow, lard, olive oil, and
coconut oil), good protein (e.g., 100% grass fed beef, wild caught fish, and pastured animals such as pigs,
chickens, and eggs), abundant organic fruits and vegetables (often local), and a mix of nuts and fermented
foods and whole fat dairy. He also removed a significant degree of grains, legumes, and added sugars from
his staple diet. Effectively, he ate fresh plants and animals and eschewed process foods (which are often
mostly some mix of wheat, corn, soy, rice, and sugar). In short he ate like the 99.95% of human ancestors
who came before him instead of the 1/2 of 1% that have been alive since the agricultural revolution a mere
10,000 years ago. Additionally, while the sustainability movement often espouses the concept of “meatless
Mondays,” this type of primal diet allows for frequent intermittent fasting. While our case study agent
doesn’t always plan his fast, he takes a 24+ fast at least once every 7 to 14 days. He says this would not be
possible without converting his body into a “fat burner.”
Source: The western diet and lifestyle and diseases of civilization. http://dx.doi.org/10.2147/RRCC.S16919
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Foods Consumed in the Paleolithic Era
Based on one meta analysis, here are the likely foods that were available and unavailable to our paleolithic
ancestors. This entire movement is not a process of reenactment. Nobodies thinks we can, nor should we,
try to pretend we can live like a “caveman.” However, there is wisdom in the concept of taking a long view
of time to try and glean insights into how we might want to inspire action today. This is the foundation of
the entire field of climate science which takes a long view and looks for deviations from background
patterns and how these deviations may arise.
What do you believe to be the lessons we should learn and adapt from this way of thinking?
Source: The western diet and lifestyle and diseases of civilization. http://dx.doi.org/10.2147/RRCC.S16919
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Understand Your Place in the Fractal
Romanesco, a type of Brassica, or genus of cruciferous vegetables that also includes broccoli, cauliflower,
cabbages, and mustards, reflects the self‐similar fractal pattern commonly found in nature.
http://www.flickr.com/photos/jsome1/3858656515/
“A central premise in ecology…is that nature repeats itself with variations on a few main themes…[yet] we
continue to miss just where it is that we fit in the writhing universe of living things.” As above, so below.
Though society often views humans as separate from the world around us, the reality seems to suggest
that our bodies are but one boundary defining a single self‐organizing system (i.e., a human) nested among
countless other self‐organizing systems both internal and external to that human boundary. Like a
metaphorical Russian doll, the potential self‐similar nature of our reality, where parts are also wholes and
vice‐versa, has been suggested in art and culture for generations. Yet, it is only since the 1970s when
Benoit Mandelbrot (2010; 1982; Schwarz & Jersey 2008) coined the term “fractal” and invented the
innovative and new visual mathematics to describe the fragmented, infinitely rough, and self‐similar
characteristics of systems of energy and matter.
Since the 1970s, fractal calculus has been applied to an ever‐more diverse mix of disciplines. Within the soil
and geological sciences, fractal models may describe the structural pattern and temporal change of soils
and rocks (Perrier et al. 2000; Perfect 1997; Perfect & Kay 1995; Loehle & Li 1996; Dathe & Thullner 2005;
Christian 2000; Caruso et al. 2011). Within geophysics “a sudden drop of fractal dimension has been
proposed as a quantitative indicator of damage localization or a likely precursor of an impending
catastrophic failure” (Potirakis et al. 2011, p.1). Within ecological systems, fractal patterns are evident in
social networks, trophic (i.e., food web) structures, and movement patterns, in both human (Hamilton et
al. 2007) and non‐human (Ferguson et al. 1998; Hill et al. 2008) species. Within the human health fields,
diverse organs and their subcomponents, such as the cardiovascular system (Jayalalitha et al. 2008;
Lorthois & Cassot 2010; Raghavendra & Narayana Dutt 2009), the pulmonary system (Moledina et al. 2011;
Glenny et al. 2000; Boxt et al. 1994; Copley et al. 2012; Glenny 2011) and the neurological system (Allegrini
et al. 2010; Bassett et al. 2006; Nan & Jinghua 1988), have been described as fractal in both structure and
output via multifractal cascades across time‐series (West 2010; Goldberger et al. 2002).
“Consequently, the fractal dimension turns out to be a significantly better indicator of organismic functions
in health and disease than the traditional average measures, such as heart rate, breathing rate, and stride
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rate” (West 2010, p.1). Cellular scale interactions between healthy human cells and non‐
human pathogens or cancerous human cells may have the potential for fractional
explicability (Ji‐Huan 2008; Dokukin et al. 2011; D’Anselmi et al. 2011; Bizzarri et al. 2011).
Another example of the fractal nature of life is the symbiotic relationship humans have with
bacteria. Think back to the previous slide about our microbiome. Despite the conventional
perspectives about the homeostasis of living systems, the “scaling properties [evident in
fractal analysis] suggest that the nonlinear regulatory systems are operating far from
equilibrium, and that maintaining constancy is not the goal of physiologic control”
(Goldberger et al. 2002, p.2466).
As mentioned earlier in this slide deck, community health has an intimate relationship to the
built environment. UF/PREC believes healthy urban communities must find design inspiration
from emerging medical perspectives that suggest human aging and disease are dynamic and
more often “associated with the loss of complexity and not with the loss of regularity” in
function (West 2010, p.2). Christopher Alexander’s work on the nature of order in human
and non‐human systems and his proposed “pattern language” for towns and cities might be
a window into this way of thinking and learning from the flux of life (Alexander et al. 1977;
Alexander 2001; Alexander 2003a; Alexander 2004; Alexander 2003b). In a recent empirical
study, an outdoor pavilion with a perforated shade structure inspired by a Sierpinski
tetrahedron fractal pattern was found to effectively reduce temperatures at the roof surface
and ground surface below the roof (Sakai et al. 2011). But UF/PREC would be remiss in failing
to mention that these ideas are not new. In fact, these ideas might be more accurately
described as “the old way of seeing.”
“Totally consistent with the Greek concept of geometry underlying life, increasing evidence
shows that the geometry of the natural and built environments is responsible, to a large
extent, for the quality of human life. Certain geometrical characteristics of natural and living
structures, such as fractal scaling, mathematical symmetries leading to complex coherence,
and structural invariants (patterns) found in disparate forms seem to be responsible for a
fundamental healing connection between the body and its environment…Artificial
environments that are the most healing emotionally and physiologically embody traditional
design techniques that themselves arose from imitating nature” (Salingaros 2010, p.1).
Dunn, Rob R. 2011. The Wild Life of Our Bodies : Predators, Parasites, and Partners That
Shape Who We Are Today. New York, NY: Harper. http://www.worldcat.org/oclc/671573395.
(pg. 85)

124

You Are Queens & Kings…
…So eat like it to express your optimum genetic and epigenetic potentials!
“Royal jelly is a complex, protein‐rich substance secreted from glands on the heads of worker bees. A larva
destined to become a queen is fed large quantities of royal jelly inside a specially constructed compartment
called a queen cup (image). The larvae that develop into workers and queens are genetically identical.”
Ultimately, the “information” from this special nutritional substrate epigentically signals the genome to
enable of these lucky larvae to grow into queens instead of their worker bee twins.
http://en.wikipedia.org/wiki/File:Weiselzellen_68a.jpg
http://learn.genetics.utah.edu/content/epigenetics/nutrition/
In the ever‐changing landscape of sustainability, it’s hard to know where to place one’s attention on
optimizing market transformation and individual behavior change. Arguably, our food system is the true
frontline of sustainability. It has been said that people “vote with their forks three times a day.” When it
comes to changing behavior and measuring shifting outcomes, there seems no better laboratory than our
food system and our personal kitchens.
In some ways, food is really just an energy and information exchange node that comes in the form of
concentrated sunlight, water, and matter (e.g., metals, minerals, antioxidants, etc.). It is one of the most
important drivers of epigenetic variation and genetic expression. Our epigenome is a regulatory
communication system that overlays and directs our cellular scale genetic programming (Kenneally 2011;
Gabor Miklos & Maleszka 2011). The great advances in genetic mapping have only revealed how little
impact it appears that our genes have on the chronic diseases of the modern age (Visscher et al. 2012;
Latham & Wilson 2010). The key appears to be how behavior and environment effect our epigenomes and
thus how our genes express. It increasingly appears we are not born sick or disadvantaged, we become so
as a result of the world around us and how we interact with it. Thinking back to our phase space discussion
in the introduction to this section on Community, we can visualize the epigenome as the information
exchange system that perceives the probability wave of the environment around us in order to signal our
DNA to preferentially collapse our genetic expression into one form over another based on these signals.
It is common knowledge that genes get passed down from generation to generation and change over very
slow periods of time as evolution selects for certain traits over others. Yet the epigenome changes much
more rapidly, even within the scale of a single lifetime. Interestingly, where science once thought that
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everyone starts with a blank slate epigenome at birth and only our own interactions in life
effect our epigenome, it is starting to seem likely that we inherit some epigenetic functions
as well.
This means that while behaviors like drinking alcohol, doing drugs, eating poorly, and being
exposed to environmental toxins may not change our genes, they can change how those
genes express. Thus our behaviors, both good and bad, cascade into our children and beyond
harking back to the prior discussion on fractals. If we are simply the cosmic bodies of
quantum bits and bytes, then food is like the "patch" that either adaptively repairs and
maintains our program or the virus that maladaptively invades and degrades us. If this
information can benefit or harm us, then our food system should facilitate the ability to
“express ourselves for optimal health.”
If food is one of the most frequent and intimate ways we exchange information between our
bodies and the world around us, it seems intuitive to accept the growing evidence that diet
and nutrition are one of the most profound ways in which we alter our epigenomes and
express our individual genetic potentials…for better or for worse (Waterland & Jirtle 2004;
Feil 2006; Dolinoy et al.; Szarc vel Szic et al. 2010; Feinberg 2007; Greenwood 2011). Though
the science is not refined enough for a personalized epigenome map quite yet, there is
growing excitement about the potential for an entirely new nutrigenomics industry. Table 6
shows some of our early understanding of the nutrients that affect our epigenomes via foods
we ingest. A great website to learn more about the rapidly emerging scientific discipline of
epigenetics is hosted by the University of Utah Genetic Science Learning Center.
University of Utah – Epigenetics
http://learn.genetics.utah.edu/content/epigenetics/
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Food, Water, Shelter, Mobility
In the future former roadways designed for the sole use of the automobile may evolve into multi‐modal
transportation corridors, and then eventually into multipurpose resource corridors to move not only
people, but also information, energy, water, and biomass much like natural corridors work for plants and
wildlife.

126

Agricultural Urbanism
Here’s an artist’s rendition of agricultural urbanism taking over a former single use roadway.
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How We Commune
We’ve already spent a lot of time on how we dwell, move, and eat, so unfortunately, there is not a lot of
time to spend on how we commune. But this might be a good thing as this is a highly personal action best
begun of your own volition on your own terms. So I’ll leave with you a couple of projects UF/PREC is
working on to assist Floridians in meeting their energy saving goals.
Remember, no human is an island unto itself…
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Remember: Technological Upgrades Only Are Only a Half Measure…
Most technological systems are merely a rearrangement of matter in a form different than those originally
found in nature. It is what humans do with this technology that matters and ultimately defines these
systems. Buildings and cars are examples of linked social‐technological systems. Green building
innovations have evolved from the perspective of simply replacing inefficient cogs to a whole house
perspective…which is great news, but again, only one step in a long journey!
Conducting a cost/benefit analysis on high performance low‐E windows often makes builders cringe
because they view it as an up‐charge that eats away at their competitive edge. That alternate cog simply
costs more so it is value engineered out. But when stepping back in scale and viewing the changes to the
building as a system that come with better windows, it becomes more clear that the added costs may end
up as up front savings when the HVAC system can be downsized in tonnage due to the improved building
envelope efficiency.
This was a needed first step. In an industry that was primarily driven by codes ensuring structural integrity
and human safety, green building rating systems are evolving into a voluntary codification of product life
cycle assessment, energy modeling, and the mitigation of environmental impact. Though this phase of the
transformation isn’t on the last page of its book, those who’ve peeked at the final chapter know how this
story is likely to end.
Despite some positive returns, this market transformation is somewhat fragile and limited. In the absence
of a linked social‐technological systems perspective, green building will never amount to more than a
replacement parts program. Good design often becomes poor management. The story of programmable
thermostats is a telling one. Once viewed as a cheap techno‐fix to run the HVAC system more efficiently,
these devices which work great on paper in the engineering room, have been shown to have minimal to no
influence on energy end‐use. This is because the social component of the building system fails on its end
of the deal.
Efficiency is much discussed and you’ll hear it said throughout this presentation, but a balance of efficiency,
conservation, sufficiency, and resilience is the design goal. A tool can be designed for improved efficiency,
but it only becomes effective once it is used correctly.
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Making Sustainble Dwelling Visible
Other utilities are making consumption more public as an attempt to raise awareness about how their
energy consumption compares to that of their neighbors by making this information public.
The city of Gainesville is experimenting with this in its “Gainesville Green” Home Energy Tracking website.
You can check out the site, in its Beta stage, here: http://gainesville‐green.com/
Potential Points to discuss:
• How helpful do you think it is to see the actual numbers?
• Were you aware of your consumption in kilowatt hours before this, or did you know how much you
are paying per kilowatt hour?
• Setting a goal for a percentage reduction from one year to the next might be challenging. Do you
think you have already taken so many measures to cut back on energy that it will be hard to achieve
more savings?
• How do people feel about privacy in relation to utility records?
Be mindful of the time if you choose to discuss this with the participants…
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Social Norms and Peer Influence
When logged into a Home Energy Report, one can see how their home compares to various peer groups
such as neighbors, similar homes (by vintage and size), and even custom groups of friends.
Do you believe “first degree friends” are more likely to influence decisions than random, unknown
“similar” peers?
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The "My Florida Home Energy" tool was built to provide Florida homeowners with a user‐friendly
application to analyze their current energy use and identify energy‐efficient products and services that will
potentially reduce their energy use, along with their utility bills. “This tool will help Floridians across the
state by evaluating their energy use and giving them a variety of options to save energy in their homes,”
said Commissioner of Agriculture Adam H. Putnam.
My Florida Home Energy website: http://www.myfloridahomeenergy.com/
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Closing Thoughts
“A human being is a part of the whole called by us universe, a part limited in time and space. He
experiences himself, his thoughts and feelings as something separated from the rest, a kind of optical
delusion of his consciousness. This delusion is a kind of prison for us, restricting us to our personal desires
and to affection for a few persons nearest to us. Our task must be to free ourselves from this prison by
widening our circle of compassion to embrace all living creatures and the whole of nature in its beauty.”
― Albert Einstein
As a preface to the closing thoughts for this Sustainable Floridians section on energy, I have provided this
quote and this almost surreal (though real) view of our star in the midst of a coronal mass ejection imaged
by a satellite on August 31, 2012. Though I can make no definitive claims as to the how and why behind the
relationships, it is clear that each of us, the Earth, the moon, and the sun exist in a constant state of energy
(and thus information) exchange. We are quite literally children of the sun, at both the deepest molecular
level and the most surficial bodily level.
Gravity seems like an overwhelming force of nature…hence the cliché, “you don’t understand the gravity of
the situation.” Yet despite the surface gravity of the sun being 28x more powerful than the Earth, and
despite the sun’s mass being 99.8% of all known mass within the entire solar system, these coronal mass
ejections overcome the gravitational force to the tune of 900 miles per second. In fact, the electromagnetic
force is 39 orders of magnitude (that’s a 1 with 39 zeros after it) more powerful than gravity. Thinking back
to our previous comment about “natural laws” vs “natural habits,” gravity is more like an extremely
persistent natural habit given our current understanding and world view.
Image Source: http://www.flickr.com/photos/gsfc/7931835322/in/set‐72157631408160534/
Image Details: Magnificent CME Erupts on the Sun ‐ August 31
On August 31, 2012 a long filament of solar material that had been hovering in the sun's atmosphere, the
corona, erupted out into space at 4:36 p.m. EDT. The coronal mass ejection, or CME, traveled at over 900
miles per second. The CME did not travel directly toward Earth, but did connect with Earth's magnetic
environment, or magnetosphere, causing aurora to appear on the night of Monday, September 3.
Pictured here is an overlay blended version of the 304 and 171 angstrom wavelengths.
Credit: NASA/GSFC/SDO
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We’ve Only Scratched the Surface of Things
This connection to, and communication with, the sun is evident in the electromagnetic spectrum (with the
aurora, or northern lights as an example) as well as in the auditory spectrum. This image is a cross section
of the sound bubbles emanating from the sun. The field of science studying the vibrations of the surface of
the sun is called helioseismology. A new science which has begun studying the vibrations of the surface of
cells is called sonocytology. Is it possible that the sun and our cells are somehow singing to each other? I
don’t know, but it’s a thought that both inspires and humbles me.
At no point in human history have so many scientific tools been available to us. Yet, we continue to unearth
new insights and its clear that we’ve only scratched the surface of our understanding of the universe.
Despite the numerous high tech satellite eyes in orbit around our sun, a study in 2012 made some startling
findings that question the very foundations of our theory of solar structure and function…so much so that
if these findings are upheld in subsequent research, it may call into question whether the source of the
sun’s energy is a thermonuclear reaction in its core.
“However, our results suggest that convective motions in the Sun are nearly 100 times smaller than these
current theoretical expectations,” continued Hanasoge, also a postdoctoral fellow at the Max Plank
Institute in Katlenburg‐Lindau, Germany. “If these motions are indeed that slow in the Sun, then the most
widely accepted theory concerning the generation of solar magnetic field is broken, leaving us with no
compelling theory to explain its generation of magnetic fields and the need to overhaul our understanding
of the physics of the Sun’s interior.”
The confident exuberance of the misguided human desire to control nature is giving way to a renewed
appreciation of the uncertainty of our knowledge and the need to restore a place for humility, wonder, and
holism within the scientific endeavor. This trend will have profound implications for the sustainability
movement as well.
Quote Source: http://www.nyu.edu/about/news‐publications/news/2012/07/09/researchers‐create‐mri‐
of‐the‐suns‐interior‐motions.html
Source: http://cymatica.com/2012/07/25/new‐cymatics‐exhibit‐at‐the‐smithsonian/
Video Source: http://africa.si.edu/exhibits/cosmos/starsounds.html
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Dwell to Survive
Life can be challenging. It often necessitates lifestyles that are ever changing. Though we can all feel the
rapidity of change in the modern age, change has always been with us and only the minutia are different.
Circumstances shift. Perceptions get altered. That is to say, external and internal conditions are both
variable and interconnected. From the predictable and prosaic patterns of daily sleep‐wake and weekly
work day‐weekend cycles to the unpredictable and uncomfortable events that seemingly crest and break
like a tsunami superimposed over known tides, there is still always a rhythm to life.
Healthy communities recognize this unity in diversity and the need for adaptability. The path to achieve this
community health is to focus on the essentials. Ask what is needed to create the stage for the familial play
to unfold and not what is desired for a time and discarded in haste. This is like creating a few flexible
boundaries for a game to emerge and evolve instead of attempting to force preordained rules of
engagement on the players. Do the key things well instead of all things poorly. Urban renewal becomes a
necessity because urban decay was an embedded possibility of a concept of community that was too rigid
and brittle to maintain meaningful spaces under the constant pressure of change. What we had in the past
and what we expect in the future are really not all that different from what is in the now. Think deeply and
plan accordingly.
To dwell is both to live within, as well as to place attention upon, a specific space. To dwell to survive is to
do these things in spite of the obstacles around us and within us. In short, it is to abide.
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Move to Arrive
Within the context of urban development, mobility is often framed as a question of urban transportation
networks and available mode options. This is a critical consideration within our built environment. But the
act of motion is much more dynamic than this limited frame of reference allows. Our cities and the social
interactions they generate affect mobility in multiple dimensions from the physical and mental to the social
and economic. They even create opportunities and constraints in multiple domains, such as the mobility of
non‐human species via habitat fragmentation, wildlife corridors, and gene flow. Though stretching the
metaphor, one could argue our entire reality is merely a result of the movement and interaction of simple
energy and matter.
Physical mobility relates to the movement of a person through space. This covers a wide spectrum of issues
including transportation engineering, access and capacities of persons with disabilities and aging
populations, and exercise and physical fitness to name a few. Mental mobility “refers to efficient and
adaptive change in cognitive performance, as well as to spontaneous introduction of novelty into
intellectual functioning.” Social mobility is the “possibility or ease with which one may change position in
the social stratification system.” Economic mobility is embedded within the larger domain of social
mobility. Within this discourse about mobility, intention is often a forgotten factor. By setting a goal to
move to arrive, UF/PREC believes a proper integration of energy and movement within sustainability will
involve a more thoughtful and interdisciplinary perspective and practice of mobility grounded by the
reflection on our individual and collective points of origination and the intention deriving from our desired
destination regardless the dimension or domain of motion. For everyone hopes to arrive somewhere, and
the best communities will be those that optimize the potential pathways for these individual and shared
journeys.
http://dx.doi.org/10.1016/0191‐8869(91)90151‐Z
http://cw.routledge.com/textbooks/9780415485395/glossary.asp
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Eat to Thrive
Industries, careers, and personal stories are built on questions of food, nutrition, and health…and the
answers are rarely static. As such, no short summary could satisfy the depth, detail, and diversity of
opinions and outcomes within this rich and evolving aspect of life. A recent scathing review of the 2010
update to the U.S. Government’s Dietary Guidelines for Americans sheds light on how contentious and
unresolved are these many questions on human health and nutrition (Hite et al. 2010). Yet, it is clear that
food is more than the mere sum of its parts and a simple daily allotment of digestible calories is not true
sustenance. UF/PREC believes Sustainable Floridians should strive to create the conditions in which they
can eat to thrive.
To eat is to step into the ceaseless flux and fluid flow of this very river of life itself. I believe that we will all
be eaten one day (both physically and metaphorically). This thought helps me to see my connection to this
flow. Yet it was still an immature and unripened idea. Upon further contemplation it now seems more
relevant to say that right now in this very moment we are each predator...prey...and everything in between.
Your very bodily existence and sense of self is nothing more than a temporary, though currently consistent
and persistent, vortex that is dynamically being created within this flow.
Humans are like chameleons when it comes to food. We are able to shift our preferences and our choices
to match the diversity of edible plants and animals on variably available around the planet. Yet, we are also
like puppet‐masters who shift the conditions in our favor to support a select few plants and animals that
are the most profitable and most manageable in the modern industrial economy. Eating to thrive does not
necessarily require a retreat to a historical, less industrial time. However, it likely does require that we
observe and mirror the patterns of our more natural and ancestral food webs. The small farm and locavore
movements seem nicely aligned with these more natural patterns. Additionally, the types of plants that can
be cultivated and the types of animals that can be husbanded in Florida are well suited to providing the
high quality energy and nutritional density required for optimal health and wellness. I hope you accept the
challenge and responsibility of taking the path less traveled in an effort to find our way back home.
Because when you begin to see yourself as both organism and ecosystem, it’s a logical next step to see
yourself as but one cell in the body of the Earth. As such, you are what you eat so there is no eating lower
on the food chain, only eating more mindfully within the reality there is no chain, but merely one infinitely
fluxing flow of energy and you are that.
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Commune to Realize
Commune
• (n) a body of people or families living together and sharing everything
• (v) communicate intimately with; be in a state of heightened, intimate receptivity
Realize
• (v) be fully aware or cognizant of
• (v) perceive an idea or situation mentally
• (v) make real or concrete; give reality or substance to
What do these terms mean together? It means that nature in which humans live together and
communicate with each deeply affect our individual and collective abilities to realize our own unique
genetic potential. The simplest way I know to describe a pathway to enable your ability to commune to
realize your own potential without destroying other beings’ abilities to realize their own is through a
process called “Conscious Discipline.” This behavioral interaction approach designed for educators and
parents is actually quite applicable to everyone. Here are the seven powers of conscious adults as quoted
from Dr. Becky Bailey’s Conscious Discipline approach. In my mind, when I think of energy as the ability to
do work, I try to live consciously in the realization that if energy is everywhere and within everything, our
biggest energy challenge is what work we do with the abilities it presents us.
1. Power of Perception
No one can make you angry without your permission.
Goal: Take responsibility for our own upset and, in turn, teach children to be responsible for their own
behavior.
2. Power of Unity
We are all in this together.
Goal: To perceive compassionately, and offer compassion to others and to ourselves.
3. Power of Attention
What we focus on, we get more of. When we are upset, we are always focused on what we don’t want.
Goal: To create images of expected behavior in a child’s brain.
4. Power of Free Will
The only person you can make change is yourself.
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Goal: Learning to connect and guide instead of force and coerce.
5. Power of Acceptance
The moment is as it is.
Goal: To learn to respond to what life offers instead of attempting to make the world go
our way.
6. Power of Love
See the best in others.
Goal: Seeing the best in others keeps us in the higher centers of our brain so we can
consciously respond instead of unconsciously react to life events.
7. Power of Intention
Mistakes are opportunities to learn.
Goal: To teach a new skill rather than punishing others for lacking skills we think they
should possess by now.
Quoted From: The Seven Powers for Conscious Adults: The Foundation of Safety,
http://consciousdiscipline.com/about/seven_powers_for_conscious_adults.asp
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Remember to Think Critically
Good science is a game of poking holes
• There is no definitive truth only collective agreement on how things appear to be
Science either:
• Falsifies hypotheses (thus destroying maladaptive assumptions)
• Or it fails to falsify hypotheses (which is not the same as “proving” something as true)
“Hack” your own life & body as a system
• Question your own assumptions & behaviors
• Test them until you see the holes
• Free your mind from dogma and allow yourself to change (and change some more) as your avoid
the holes
Be like a butterfly
• While a caterpillar may see the shadows of the aerial world, they ultimately must undergo a form of
death and rebirth to shift into a higher dimensional reality.
• In effect a caterpillar creates a cocoon and dissolves itself (like you may need to do to your ego in
order to live as but an embedded piece of an Earthly system) in order to regenerate as a butterfly
and open its reality in a new dimension with the power to fly.
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Green is Durable, Resilient, & Adaptive
In recent years sustainability has unfortunately become a politicized word which has devalued its non‐
political, deeply relevant, meaning. So as you begin to walk the talk of a Sustainable Floridian, we
encourage you to share the message about sustainability and green development in non‐politicized ways.
That is, in an increasingly more uncertain world, green is durable, resilient, and adaptive to the changes
that will inevitably come. Sustainable Floridians are simply more prepared, more well planned people.
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Every Leader Creates Their Own Recipe
Anybody can cook a dish by reading straight from the recipe. But not everybody can be a good chef,
because a meal is more than the sum of its list of ingredients. Policymaking and leadership in general is no
different. Each locale has their specific policy approaches to climate change, land use planning, energy,
water, and other resource related issues. Much can be learned from these recipes, be they for meals or for
policies. But at the end of the day, learning from another’s example provides inspiration instead of mere
duplication as successful results are context specific. For anyone who’s had a truly great slice of pizza in
New York City, you know there is something special about the water, the air, or maybe just that place that
can’t be duplicated down here.
Steps for success in your own place:
1. Inventory
2. Target
3. Plan
4. Implement
5. Monitor
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We Are the Invisible Hand
People often refer to releasing the free market from the social and governmental ties that bind so that
Adam Smith’s metaphorical invisible hand can guide us to prosperity. Yet, along the way everyone has
forgotten that the collective “we” are actually that very hand. The marketplace has always been an
outgrowth of our social sphere and as such it is a reflection of us collectively. If we fret because we feel the
market externalizes all of the environmental issues that are so forcefully rearing their ugly heads as of late,
then only we are to blame because the market innovates within the game, but “we” create the rules by
which they play. Look at what is happening in many of the Asian and European countries with the surge in
green energy issues and you’ll see that they acknowledge that we are the hand.
Sometimes we are a heavy hand through regulations to prevent unintended consequences. Sometimes we
are a helping hand offering guidance and incentives to move in a particular direction. But we are always a
shaking hand reflecting a relationship with our peers and negotating and reinforcing our cultural norms.
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Vitruvian Human
If the instructor is so inclined, feel free to mention the concept of Leonardo Da Vinci’s “Vitruvian Man”
drawing that shows the human form occupying two realms. One realm is the grounded, Earthly, rational
minded human shown standing with his feet together and arms out 90‐degrees to his side as bounded by
the square. The other realm is the ethereal, heavenly, spiritual minded human shown floating with his legs
splayed, feet above the ground, and arms in a “V” as bounded by the circle.
This image represents the two worlds that humans walk within. We are both Earthly and heavenly
creatures. Yet just like in mathematics, there is currently no known process or postulate by which we can
“square the circle,” or walk simultaneously in both worlds. “The expression ‘squaring the circle’ is
sometimes used as a metaphor for trying to do the impossible.”
(http://en.wikipedia.org/wiki/Squaring_the_circle) When you hear someone say, “try to find your center”
they are also referring to this same concept…to the unattainable desire to square the circle and walk within
heaven on Earth.
I view the process of sustainability within this metaphor as it is a goal which is worth striving for, yet its
finish line is always receding away into an infinite horizon. The true Sustainable Floridian must find their
own center of being which most effectively balances reason and faith as they walk the talk of sustainability.
I think that “natural laws” or more like “natural habits” as there are no definitive, enduring truths within
science. While some habits seem intractable, they are merely self‐referential, repeating patterns. While our
personal habits in this phenomenal, grounded world of matter and energy must abide by these natural
habits, our personal dreams and desires in the noumenal, ethereal world of thoughts and potentiality can
imagine a better future yet to be realized. (http://en.wikipedia.org/wiki/Noumenon)
Image Source: http://en.wikipedia.org/wiki/Vitruvian_Man
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Final Closing Thoughts
One quantum physicist explains entropy as a subjective construct which is the measurement of the loss of
information (and thus our understanding) of a bounded system (and thus our perception of reality) over
time. He says, we can never know more than a 50‐50 chance of a system at its simplest binary
interpretation and that due to the perpetual flux of the energy flowing within the universe, this minimal
ability to know a portion of something in an instantaneous moment, only degrades over time as each new
moment changes that very system. Eventually we “bag the mess” and retune the model of the system
according to the new moment and thus must release the knowledge from the old moment which appears
to us as entropy. So the lesson I take from this definition of entropy is not to be depressed in some
irrational fear that everything is “winding down,” but rather to accept the flow of change and to appreciate
this very moment, right here, right now. It may be all there is.
“Chaos, Complexity, and Entropy: A Physics Talk for Non‐Physicists” by Michel Baranger
http://necsi.edu/projects/baranger/cce.pdf
"It can be difficult to define Wisdom, but people generally recognize it when they encounter it. Psychologists
pretty much agree it involves an integration of knowledge, experience, and deep understanding that
incorporates tolerance for the uncertainties of life as well as its ups and downs. There's an awareness of
how things play out over time, and it confers a sense of balance.
Wise people generally share an optimism that life's problems can be solved and experience a certain
amount of calm in facing difficult decisions. Intelligence—if only anyone could figure out exactly what it is—
may be necessary for wisdom, but it definitely isn't sufficient; an ability to see the big picture, a sense of
proportion, and considerable introspection also contribute to its development.“
— Psychology Today
Life is energy…so use it wisely!
Quote Source: http://www.psychologytoday.com/basics/wisdom

Image Source: http://visibleearth.nasa.gov/view.php?id=57723
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The Energy Savers Blog provides a place for consumers to learn about and discuss energy efficiency and
renewable technologies at home, on the road, and in the workplace. This blog supports the Energy Savers
site of the Department of Energy's Office of Energy Efficiency and Renewable Energy (EERE) Web site.
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