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...An operating cost, a cost of doing business
... A vulnerability for businesses that require 99.9999% reliability

... A factor in local environmental conditions and associated human
health

.. A factor, for better or worse, in local economies
.. A homeland security concern
.. A national security concern

.. A behind-the-ticker-tape factor on Wall Street
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Colorado’s Resource Mix
All Electric Utilities

Natural gas - 20% Renewables — 1%

Hydro - 3%

Coal - 76%

Source: Energy Information Administration, Electric Power Annual,
2003 (published January 2005) 2,
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Managing Coal Piles at
Power Plant
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Central Station Power Plants: Reliable Baseload
Capacity
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Cement Market Conditions:
May 2005

Cement producers
1. China
2. India
3. U.S.

22% Imported

Mo Shortage Spot Tightness Tight Conditions

China Consumes v of all the concrete in the world

U.S. cement manufacturing is 81% foreign owned
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Trends in Demand for Steel
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Where We Are Today

Consumption for Average Residential Customer

Waste

Waste Waste

Inefficient
electric
appliances

Inefficient gag
appliances

Power,
light,
and

Natural usable
gas heat

Source: A Micro-Grid with PV, Fuel Cells, and Energy Efficiency, Tom Hoff, Clean Power Research.com

02458605
o0 Loy
ﬁ,v"lll'\'=_ National Renewable Energy Laboratory




The American economy is, after Canada's,
the most energy-dependent in the advanced
Industrialized world, requiring the equivalent
of a quarter ton of oil to produce $1,000 of
gross domestic product. We require twice
as much energy as Germany -- and three
times as much as Japan -- to produce the
same amount of GDP.
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Rising energy (operating) costs 2>

e Lower profit margins

 Uncompetitive product pricing in global
market place

 Lower standard of living
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Homeland Security

Vulnerability of the Electrical Grid to Natural Disasters

High-voltage power line cut by fallen tree limb near Oregon/California border - August 10, 1996

» Affected a 9-state region
e Lasted up to 3 weeks in some areas
 Almost 16 million people affected in California alone

Source: W. Becker, U.S. DOE oo
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What Is the value of

energy If you don't
have any?
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“It is not the cost of electricity that drives our
decision-making process, rather it is +the-eost of
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Nationwide = $35 B to $70 B in losses per year
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Aging, stressed national transmission
grids -2

 Reliability of electricity supply

« Power quality issues

 Resulting business losses

* Increased line losses

Stranded renewable energy resources
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45% of U.S. Population live in non-attainment areas.

e 121.4 million Americans
lived in counties that
violated national air
guality standards in 2000.

« The American Lung
Association estimates
that Americans spend
>$50 billion a year on
health care as a result.
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Changes in Atmospheric Concentration
CO,, CH,, and N,0 — A Thousand Year History

Methane

Carbon Dioxide

Nitrous oxide
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« Significant reduction in
perennial sea ice cover
over the last 25 years
(10% per decade)

e Submarine data
Indicate 40% thinner
ice than in the several
decades before the
mid-1990s
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Sea level rise, storm surge, flooding of coastlines
Early runoff, summer droughts/famine, wildfires

More frequent weather extremes, e.g., heat waves
and heavy precipitation events

Increased hurricane intensity
Loss of mountain glaciers and drinking water

Spread of tropical diseases, increased plant and
crop disease

Extinction of plants, corals, and other animal species
Long-term, sustained drought in American West
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Emissions from energy production and
use -2

e Local/regional environmental impacts on air
and water

e Diseases, chronic conditions and related
health care costs

 Climate change
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“I can tell you that nothing has
really taken me aback more as
Secretary of State than the way
that the politics of energy Is
warping diplomacy around the
world.”

Secretary of State Condoleeza Rice, Congressional Testimony, as
quoted in Roll Call, 6/19/06

vy
P= -
‘;;@”N-\'=l_ National Renewable Energy Laboratory




Have Qil Use Oil

The U.S. uses more than the next 5 highest
consuming nations combmed
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OIL CONSUMPTION- China
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oWrce: BP Statistical Reviewy of World Energy 2008
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OIL- CONSUMPTION India
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Source: BP
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The world’s existing 435
nuclear reactors currently need

180 million pounds of uranium
each year.

80 million
pound gap

Million Pounds
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Dependence on overseas supplies =2

« Competition for global resources
* Rising costs of commodities
e War
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Environmental
Impact

Energy Security and
Reliability
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Energy efficiency
Renewable energy

Nonpolluting
transportation fuels

Transition to smart,
resilient, distributed
energy systems
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 Only national laboratory dedicated to
renewable energy and energy efficiency
R&D

 Research spans fundamental science to
technology solutions

. Collaboratron with industry and
partners |s a hallmark
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DOE National Laboratories

Operated for the U.S. Department of Energy by
Midwest Research Institute « Battelle

Fermi 48
Argonne

Los Alamos

Defense Program

Energy Efficiency and Renewable Energy .
Office of Nuclear Energy ' T
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Energy Efficiency & Renewable Energy
Technology Development Programs
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Increasing Renewables in the Energy Mix

Technologies

Capita

Viohilizat)

Policies Markets
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Bad Parenting

Consider changing
how we define, think
about, and approach

RISK In our
energy choices.




“We cannot know with absolute
certainty, so we do nothing... The
essential human dilemma is that
all our experience Is In the past

and yet all our decisions
relate to the future.”

Richard D. Lamm, in Elliott, Ethics for a Finite World
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Tap into cost-effective energy
efficiency and renewable energy
resources.
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Renewable Energy Costs Have Decreased
Historical and Projected
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What Is the value of

energy If you don't
have any?
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very watt not used IS a
watt that doesn't have to
be produced, processed,

or stored.”
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* Doing more with
less

e Technology, not
Conservation




Properly designed and oriented buildings use 60% |less energy than
conventional structures.

Passive solar design can reduce home heating costs by as much as
30%.

Less than 20% of energy used by autos actually turns the
wheels.

In today’s power system, only 26% of energy in coal results in
usable electricity.

U.S. utilities waste enough energy each year to meet the power
needs of Japan.

Only 10% of energy input to conventional light bulbs produces light;

90% Is thrown off as heat — which often must be cooled, requiring
more electricity.
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*Proper orientation and design of structure
*Proper design and installation of HVAC

* Proper installation of insulation
 Reduced air leakage
e Water conservation
 Efficient windows

e Efficient lighting

« Efficient appliances,
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High-Efficiency “T” Light Bulbs: A “Main
Vein” of Demand-Side Energy




LED Lights: The “Mother Lode” of
Lighting-Produced Demand-Side
Energy

eUse 90% less
energy than
Incandescents.

elnvestment pays
back in weeks.
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Constructed in Austin TX, ¢. 1987-2001
 Utility substituted programs and policies for
bricks and bollers.

® Loan programs for residential efficiency improvements,

building code upgrades, rebates for high-efficiency
equipment, etc.

*Utility achieved 550 megawatts of documented,
sustained energy savings.

Utility took planned 450-MW coal-fired plant off
Its books.

This occurred during a period when Austin’s
economy grew by 46 percent and its population
doubled!
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Total Area Required for a Photovoltaic Power Plant to
Produce the Total U.S. Annual Electrical Demand




Solar concentration allows
tailored design approaches
g~ -
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+ Solar water heating is
commercially available for
both domestic and
industrial water systems
and for swimming pools.

+ Solar space heating and

preheating are also
available.




PV roofing shingles

PV panels
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Water Pumping
W

Water Fountain

. Irrigation
-=. = Control

Lighting in High
Density Areas

i’

Remote Home
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Dade County
Florida USA

After Hurricane Andrew, Picture facing N.W







At the very least, generate as much
energy as they consume on an annual
basis. ZEBs can be totally self-

sustaining (grid-independent), or even
net exporters of energy.
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Superinsulated walls,
floors and ceilings

Efficient appliances

Solar water heating system
Compact fluorescent
lighting

Windows coated with thin
layers of metallic oxide to
help keep heat in during

the winter and out during
the summer.

4-kilowatt photovoltaic
system
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Today’s Status in U.S.
e 11,603 MW installed at end of 2006
e Cost 6-9¢/kWh at good wind sites*

DOE Cost Goals

o 3.6¢/kWh, onshore at low wind sites
by 2012

o 7¢/kWh, offshore in shallow water by
2014

Long Term Potential
» 20% of the nation’s electricity supply

NREL Research Thrusts
* Improved performance and reliability

e Distributed wind technology
* Advanced rotor development
« Utility grid integration

* With no Production Tax Credit

Updated January 23, 2007 +
Source: U.S. Department of Energy, American Wind Energy Association




Small (<10 kW)

* Homes

e Farms
 Remote Application

Intermediate
(10-250 kW)

* Village Power

» Hybrid Systems

e Distributed Power

Large (660 kKW - 2+MW)
e Central Station Wind Farms

» Distributed Power
« Community Aind
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Boeing 747-200



Supplement today’s central station
power plants with distributed
generation from energy efficiency
and renewable energy resources.
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Skystream Residential Installation




PV can recharge electric- or hybrid-vehicle

batteries, while providing shade and shelter.

University of So’utﬁ*‘_r_:a[d_i'f:ifd-
Tampa, Florida:USA - .=



 Energy Efficiency

 Customer-sited renewable energy (solar,
small wind)

o Utility-scale renewable energy (wind,
solar, biomass)
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 Renewable/Electrolysis

— Co-producing electricity
and hydrogen can address
Issues that currently face
Intermittent and season
renewable technologies

— Wind/electrolysis is likely to
be the first economical
renewable system
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Where We Could Be

Consumption with Clean Distributed Resources

Waste Waste
[

Inefficient gas Inelff|C|gent
appliances LA
appliances

End-use efficiency

—
Distributed photovoltaics Power,
light,
and
Natural usable
gas heat

Source: A Micro-Grid with PV, Fuel Cells, and Energy Efficiency, Tom Hoff, Clean Power Resegrgh.com
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Develop energy efficiency and
renewable energy resources as an

economic development approach.
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 Every $1 spent in Osage generates $1.90 of
economic activity

e Petroleum products = $1.51
e Utility services ©%$1.66
« Energy efficiency 2%$2.23

By doing energy efficiency, town was able to
attract desirable industries due to reduced
energy operating costs

Source: “The Jobs Connection”, US DOE
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Correlation Between Windy Rural
Areas and Depopulation

United States - Wind Resource Map

Geographic Distribution of Depopulation

Indian Reserv
Alaska Native

Wind Power Classification

m,
2 Merginal  200- 300 5.6- 6.4
3 Fair 300- 400 8.4-7.0
4 Good 300- 500 7.0-75
5 Excellent  500- 600  7.5- 8.0
6 Outstanding 800 8.0- 8.8
7 Superb 800-1600  8.8-11.1
®Wind spaeds are based on a Weibull k value of 2.0

Nao. of Coustties by Type
B Growang 2362
W Declining 7
W Accofecated-Dochang 232

Fourea: M00 Consus conparod with 1570 Ceaset.



http://www.fdic.gov/bank/analytical/banking/2005jan/art2_01.html

e 162-MW Colorado Green Wind Farm
(108 turbines)

e $200M+ investment
* 400 construction workers
o 14-20 full-time jobs

« Land lease payments $3000-$6000 per
turbine

 Prowers County 2002 assessed value
$94M; 2004 assessed value +33%
(+$32M)

e Local district will receive 12 mil tax
reduction

* Piggyback model

“Converting the wind into a much-needed commaodity while providing good jobs,
the Colorado Green Wind Farm is a boost to our local economy and tax base.”

John Stulp, county commissioner, Prowers County, Colorado

*.‘." IR=L National Renewable Energy Laboratory




“Shell bought me aroot canal.”

Eddie Rhoderick, rancher
Briscoe County TX
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Manage environmental and climate
risks with energy efficiency and
renewable energy technologies.
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Potential Reduction in U.S. Carbon Emissions
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Potential Reduction in U.S. Carbon Emissions
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Potential Reduction in U.S. Carbon Emissions
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Potential Reduction in U.S. Carbon Emissions
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Potential Reduction in U.S. Carbon Emissions
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Potential Reduction in U.S. Carbon Emissions
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