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Explore Possibilities for 
Renewable Energy
Could the western states 
lead the nation?
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Since the industrial revolution, 
the utilization of energy 

from fossil fuels has resulted in 
rapid economic growth and an 
increasingly comfortable 
lifestyle for millions of 
people. This is especially 
true in the United States. 
On a per capita basis, 
Americans use more energy 
than anyone else in the world, 
and have translated 
extensive 

energy use to an extremely high standard 
of living. For more than two centuries, 
fossil fuels were relatively inexpensive 
and they seemed in infinite supply. Much 
has changed. It is now apparent that fossil 
fuels are neither cheap nor infinite. Higher 
costs mean that energy expenditures 
now take a larger share of the family 
budget. The implications of $4.00/gallon 
gasoline for rural residents who typically 
must travel great distances to school, the 
grocery store, church or the doctor’s office 
were extensive. Further, importing foreign 
oil results in the transfer of massive wealth 
from the United States to the major oil 
producing countries, many of whom use 
oil wealth to maintain non-democratic 
governments and suppress human rights. 
In addition, it is becoming increasingly 
apparent that fossil fuel use results in the 
emission of dangerous climate changing 
greenhouse gasses.
  
Because of these concerns, there are 
widespread endeavors in the United 
States to achieve the goal of energy 
independence and, at the same time, 
reduce greenhouse gas emissions. 
Accomplishing these goals will require 
that we do things much differently than 
we have done them in the past. In 2007, 
about 85 percent of the energy consumed 

in the United States was 
derived from fossil fuels 

(petroleum - 40 
percent; natural gas 

– 23 percent; coal 
– 22 percent), 
much of which 
was imported. 

Eight percent of 
our energy was from 

nuclear power, and 
only seven percent was 

from renewable energy 
sources.  Historically, the 
five major sources of 

renewable energy have 
been biomass, water, 
wind, geothermal 
and solar.  In 2007, 

89 percent of the renewable energy 
produced in the United States came 

from biomass (53 percent) and water 
(mostly hydroelectric; 36 percent).  
Decreasing our dependence on fossil 
fuels, in general, and foreign oil, in 
particular, will require a broad spectrum 
of changes; there is no “silver bullet.” 
One essential change is vastly improved 
conservation as the impacts of reduced 
energy consumption could be massive. In 
addition, it is imperative that renewable 
energy sources play a much greater role 
in the future than they play at the current 
time.  In this issue of Rural Connections, 
we highlight efforts by researchers in the 
West who are working to develop and 
improve the efficiency of a variety of 
renewable energy sources. Continuing 
renewable energy research is vital.  
The work of these persons and others 
throughout the world will play a significant 
role in helping us overcome the major 
problems that confront us.

It is important to recognize that major 
transformations in our energy base 
will have significant economic and 
sociodemographic consequences. 
Understanding and reducing these impacts 
is a major part of rural development. 
Currently, the West is a primary producer 
of the fossil fuels that are consumed in 
this country and this industry employs 

thousands of people and contributes 
millions of dollars to local economies. 
More than one-half (51.6 percent) of 
the coal produced in the United States 
in 2007 was from the 13 states of the 
western region. Wyoming is the nation’s 
leading coal producing state. Excluding 
federal offshore oil production, 41.6 
percent of the nation’s domestic oil is 
from the western region with Alaska 
and California being the nation’s second 
and third most important oil producing 
states. Also, 29.7 percent of natural gas 
produced in the United States is from the 
western region. New Mexico, Wyoming 
and Colorado are among the six most 
important natural gas producing states in 
the nation. Obviously, any major changes 
in the energy industry will have wide-
ranging consequences on many western 
communities. On the other hand, the West 
has the potential to be a major producer 
of renewable energy, with the resulting 
expansion of employment opportunities 
and other economic benefits. Many rural 
communities in the West have the potential 
to reap major benefits by becoming 
producers of renewable energy. The sun 
and wind that are so pervasive throughout 
the West may become major economic 
assets. An advantage of the sun and wind, 
compared to fossil fuels, is that these 
energy sources are truly infinite.

Don E. Albrecht is the Director of  the 
Western Rural Development Center. 

He may be reached via email to 
; don.albrecht@usu.edu 
or by calling 435.797.9732.
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The Western Rural Development Center compiles this newsletter 
with submissions from university faculty, researchers, agencies and 
organizations from throughout the Western region. We make every 
attempt to provide valuable and informative items of interest to our 

stakeholders. 

The views and opinions expressed by these agencies/organizations 
are not necessarily those of the WRDC. The WRDC is not responsible 
for the content of these submitted materials or their respective websites 
and their inclusion in the newsletter does not imply WRDC endorsement 

of that agency/organization/program.

This material is based upon work supported by annual 
base funding through the Cooperative State Research, 
Education and Extension Services, U.S. Department 
of Agriculture. Any opinions, findings, conclusions or 
recommendations expressed in this publication are 
those of the authors and do not necessarily reflect the 

views of the U.S. Department of Agriculture.

Check out the 
statistics for U.S. 
Renewable Energy 

Consumption in 
2007
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In 2004 the Western Governors’ 
Association launched its “Clean and 

Diversified Energy” initiative for the 
western U.S. and several Canadian 
provinces and passed Policy Resolution 
04-13, which “identified the need for new 
clean and diversified energy sources for 
transportation, buildings, electricity, and 
other needs.” The Resolution also outlined 
four important goals:

1. Additional development of 30,000 
megawatts of clean energy by 2015 
from resources such as solar, wind, 
geothermal, biomass, clean coal 
technologies, and advanced natural 
gas technologies;

2. A 20 percent increase in energy 
efficiency by 2020;

3. An ability to meet the 
transmission needs of the West 
for the next 25 years;

4. Strategies to better 
position the Western energy 
system to respond to new 
environmental challenges, 
including potential limitations on 
emissions.

 
Since the 2004 meeting, the Western 
Governors’ Association (WGA) has 
formed the Clean and Diversified Energy 
Advisory Committee and met this past 
June with Utility CEOs to forge the next 
steps toward meeting the West’s electricity 
needs. “The good news is that the West 
has much of the nation’s best renewable 
resources,” said Gov. Dave Freudenthal 
(WY), former WGA Chairman. “This 

region is also home to the nation’s largest 
fossil fuel resources. The bad news is that 
the nation has not adequately invested in 
research and development and energy 
infrastructure to tap these resources.”

Governors Take Next Step Toward 
Meeting the West’s Energy Needs
During the Western Governors’ Association 
June 2008 annual meeting they launched 
a partnership with the electricity industry, 

environmental 
interests, 

western Canadian provinces and the 
U.S. Department of Energy to identify 
areas rich in renewable energy resources 
and associated transmission needs. “Our 
Western Renewable Energy Zones project 
will help build the consensus necessary to 
expeditiously develop the transmission to 
move power from renewable resource rich 
areas to consumers,” said WGA Chairman, 
Governor Jon Huntsman, Jr. (UT).
The governors and CEOs agreed to 

strengthen communications between the 
utilities and states on ways to reduce 
electricity demand, accelerate the 
deployment of low-carbon emission 
generation, and improve the operation 
of the transmission system. Governor 
Freudenthal said the enormity of the 
challenge also requires close collaboration 
with the federal government. “I’m not one 
who is comfortable inviting the federal 
government to help, but they need to act 
now if we are going to meet the energy 
and climate change challenges we face,” 
Freudenthal said. “We cannot afford half 
measures.”

Specifically, the governors said the West 
and the nation need:

a) Massive expansion of the federal 
commitment to energy research and 
development;

b) Consistent, long-term policies 
to incentivize deployment of 
renewable and other low-
carbon resources;

c) Responsive land management 
policies to enable the timely 

development of the West’s resources 
and associated transmission, while 
protecting critical environmental 
values; and

d) Clear, long-term federal policies on 
greenhouse gas emissions.

The Western governors adopted a 
resolution stating their position and the 
actions needed to address transmission 
issues. It’s available on the Web at 
;www.westgov.org.

Call for Information!
At a time when our region’s 
leadership is dedicated to 
supporting research and 
development and delivery of  
renewable and alternative energy 
sources, what have our region’s 
researchers and entrepreneurs 
been doing to further the 
knowledge and application of  
such energy technologies? 

How does the development and 
delivery of  new energy sources 
impact the rural West?  

The contributors in this issue of  
Rural Connections shed some light 
on a few projects underway in 
the region to develop renewable 
energy. Several of  these include 
benefits for rural communities. 

The WRDC acknowledges 
there are many renewable 
energy research projects being 
conducted throughout the West; 
new business ventures that have 
resulted from the research; and 
educational and assessment 
tools being developed to assist 
landowners and communities. 

We welcome you to contact us 
with news about your research 
projects, businesses and tools 
so we may share them with our 
stakeholders. 

Please send details to the WRDC 
at ;wrdc@usu.edu.

http://www.westgov.org
mail to: wrdc@usu.edu
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Just over half of renewable energy 
consumption occurred in the electric power 
sector in 2007. The industrial sector 
was the second-leading consumer of 
renewable energy, accounting for nearly 
30 percent. The transportation, residential, 
and commercial sectors accounted for 9, 
8, and 2 percent, respectively. While the 
electric power sector currently consumes 
the most renewable energy (51 percent), 
its use dropped 8 percent between 
2006 and 2007. In 2003, the electricity 
sector accounted for 59 percent of total 
renewable energy consumption.

Commercial and industrial uses of 
renewable energy changed little between 
2006 and 2007 and have also changed 
little as a fraction of total renewable 
consumption since 2003. That could 
change for the industrial sector if ethanol 
and biodiesel use continues to grow, 
rapidly resulting in increased feedstock 
consumption. This is especially significant in 
view of the fact that the largest biomass 
fuel consumed in the industrial sector, 
wood and derived fuels, has grown little 
since 1989 and appears to have peaked 
in 1997.

Within the electric power sector, wind 
energy consumption has grown each 
year since 1998. From 2003 to 2007, 
wind’s share of total renewable energy 

consumption increased from 2 percent to 
5 percent. For the first time ever in 2007, 
wind energy consumption in the electric 
power sector exceeded geothermal.

Electricity generation from renewable 
sources fell 9 percent in 2007 to 351 
billion kilowatthours (kWh), largely due to 
reduced precipitation. Excluding hydro- 
electricity, however, renewable electricity 
generation grew 7 percent. This gain was 
led by a 21 percent increase in electricity 
from wind and moderate increases in 
electricity from biomass waste. There has 
been little change in generation from the 
largest non-hydro renewable electricity 
source, wood and derived fuels, since 
2003. With the exception of hydro, 
changes in renewable electricity capacity 
generally reflected generation changes in 
2007.

In 2007, Washington State widened 
its lead over California as the leading 
renewable electricity producer, largely 
due to the fact that precipitation 
decreases were much less in the Pacific 
Northwest than in California. Furthermore, 
Washington commissioned more new 
wind capacity (344 MW) than did 
California (63 MW). The result was that 
Washington’s wind-based generation 
increased by over 1 billion kWh in 2007, 
compared with about a 760 million kWh 
increase in California.

State-based generation from wood and 
derived fuels, the largest non-hydro 
renewable energy source, changed little 
between 2006 and 2007. The two major 
exceptions were New Hampshire and 
Washington. Wood and derived fuels-
based generation increased from about 
590 million kWh to 883 million kWh in 
New Hampshire, while dropping from 
1,275 million kWh to 978 million kWh in 
Washington.

Nevada 
generated from 
central station 
solar power for 
the first time in 
2007 with the 
opening of the 
64 MW Nevada 
Solar One plant 
in Boulder City.

107 thousand megawatts 
Total renewable electricity capacity in 
2007, which reflects a 5 percent increase 
and was led by a 38 percent (or 4,000 
MW) increase in wind capacity. 

36%
Hydroelectricity’s share of total renewable 
consumption in 2007

7% Increase
Biomass-based energy consumption

1% Increase
Total nonrenewable electric capacity (892 
thousand megawatts) 

21% Increase
Wind-generated electricity consumption

30% Increase
Transportation sector renewable energy 
consumption

3% Increase
Average annual growth rate of renewable 
energy consumption from 2003 through 
2007

12% Increase
Residential sector consumption

6,830 
trillion Btu

Total U.S. 
Renewable 

energy 
consumption in 

2007

1% Decline
Renewable energy 

consumption

14% Decline
Hydro electricity 
Due to reduced 
precipitation in 

several regions of the 
country.
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In May 2008, the U.S. Energy Information Administration (EIA) published a report, Renewable Energy 
Consumption and Electricity - Preliminary 2007 Statistics, that presents preliminary information on 

renewable energy consumption and electricity generation and capacity in the U.S. for 2007. Access this 
report and links to the data tables from the EIA website: ;http://www.eia.doe.gov/fuelrenewable.html.

http://www.eia.doe.gov/fuelrenewable.html
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The United States consumes over 100 
billion gallons of gasoline and over 

60 billion gallons of diesel each year. 
A majority of that energy (60%) comes 
from fossil fuels that have to be imported 
from other countries around the world.  
When these fuels are combusted they 
not only release enormous amounts of 
pollutants into the atmosphere causing 
disease and distress, they add to the net 
carbon content of the atmosphere. In the 
last decade, the majority of growth in 
Greenhouse Gas emissions came from 
heavy-duty trucks.

The United States has almost 4 million 
miles of roadway, part of which, could 
provide areas for billions of gallons of 
biofuel feedstock. This would result in the 
infusion of billions of dollars of relatively 
inexpensive (at current market prices) 
fuel into the economies of American 
communities and decrease dependence on 
petroleum-based fuels. The beneficial uses 
of biofuels such as biodiesel 
are well-documented. 

“Energy security for our country is one 
of the most important challenges in our 
lifetime,” stated Gale Buchanan, USDA 
Undersecretary REE. 

Nearly all highway, airport, railway and 
military areas in the United States have 
fallow agronomic areas that require 
regular maintenance to keep them from 
becoming unsightly and unsafe. In addition 
to costly maintenance, these areas can 
harbor noxious weeds and other pests 
and can become significant fire hazards. 
For example, Utah has over 5000 miles 
of highway right-of-ways and considering 
the length and width of the highway 
shoulder this translates into more than 1.5 
million acres that need maintenance on an 
annual basis. The expense to the public 
to mow, control pests, and maintain these 
areas can reach over $300/mile/year – 
an annual total of over 1.7 million dollars 
(2007 Utah Department of Transportation 
- UDOT).

A potential solution for these problems is 
growing biofuel feedstock crops along 
the freeway under non-irrigated dry land 
conditions and converting the biomass into 
biofuels. Benefits of biofuel production 
with this method include:

Displacement of petroleum usage • 
with biofuels by Utah Department of 
Transportation and other states that 
adopt this method;

Biofuel feedstock growth using this • 
method does not affect 

food supply.  
This would be 
new acreage 
currently not 
being utilized 
for crop 
production;

Decreases weed pressures • 
through crop competition and 
subsequent use of pesticides along 

targeted areas such as roadsides;

Significantly decreases exhaust • 
emissions from equipment when 

biofuels grown on these areas are 
utilized in government and private 
fleets;

Increases aesthetics along utilized • 
areas;

Increases sustainability of utilized • 
areas;

Decreases costs of maintenance • 
to zero – in some cases actually 
provides financial benefits;

Increases the public awareness • 
regarding biomass and biofuels by 
“freeway” exposure;

Decreases fire danger of targeted • 
areas by replacing fuel load 
of plants such as downy brome 
(cheatgrass).

FreeWays to Fuel (F2F) is a method of 
utilizing fallow areas along freeway right-
of-ways, railroads, airports and other 
non-traditional agronomic land to produce 
sustainable biomass for conversion into 
biofuels. Fuel to be evaluated from this 
process includes, but is not limited to, 
biodiesel from the oils of oilseed crops.  

Preliminary work conducted in 2007 
shows soil conditions along highways in 
Utah meet minimum growth standards 
and should provide necessary growing 
conditions for a feasible yield. Initial soil 
analyses for plot regions along Utah 
highway shoulders show that physical and 
chemical soil conditions are favorable for 
growth of oilseed crops with the exception 
of extremely high soil compaction.  

It is the purpose of the project to develop 
methods of crop establishment that will 
allow sustainable, economic biofuel 
feedstock production to occur in these 
non-traditional agronomic areas. This 
approach is a new frontier of agronomic 
production. There is a need to prove that 
biomass can be grown in these areas 
economically and sustainably using 
methods that can be readily adopted and 
then adapted into biofuels by the majority 

By Dallas Hanks and Ralph Whitesides
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of the United States and other parts of 
the world for the producing of biofuel 
feedstocks. 

Economic models based on winter canola 
(Figure 1 – based on 2007 prices) show 
an estimated production of 300 gallons 
of biodiesel (assuming replacement 
cost of $3.00/gal for petrol diesel) per 
mile given approximately 1/2 - 2/3 
dry-land yield in a growing area 75 
feet wide along roadways.  This yield is 
hypothesized to be sustainable with as 
little as 15 inches of annual precipitation 
when coupled with the right agronomic 
cultural practices. 

These models also show that oil seed 
production and conversions to biodiesel 
could save the Utah Department of 
Transportation (UDOT) the $300 per mile 
which they would have traditionally spent 
in mowing (assume petrol diesel costs 
$2.50/gal and seed yields of 7.5 cwt/
acre). UDOT consumes approximately 1 
million gallons of petro diesel per year 
for use in the equipment shown in Figure 
2. The great difference in cost between 
private agricultural models and the 
FreeWays to Fuel model includes land, 
insurance and customized application of 
pesticides costs.  

To date, most of these roadside areas 
grow some non-oil producing plant to 
control dust, erosion and weeds. Their use 
as an oilseed crop-growing area has not 
been explored or utilized in any part of 
the world. In addition, second phases of 
this project could explore cellulosic ethanol 
production from remaining residues of 
oilseed crops and biomass-producing 
plants along highways. 

This method of biodiesel production 
would, in theory, produce enough 
biodiesel annually to run UDOT’s fleet 
given the assumptions previously stated. 
This paradigm would be a new frontier for 
the growth of biomass utilized for biofuels.  
Growth of oilseed crops along freeways 
coupled with the production of ethanol 
from the remaining biomass is a beneficial 
use throughout the bioenergy system. This 
procedure would add to transportation 
resources and disseminate healthy, clean 
burning fuels into local communities along 
with the creation of jobs in rural areas.   
Oilseed crop production is not new to 
Utah or the Northwest. An estimated 2/3 
dry land yields of both safflower and fall 

canola would return the amount of money 
spent on current maintenance activities 
along UDOT right-of-ways given normal 
growing conditions and assumptions 
previously listed.  

The use of roadsides for hay crops 
is an ongoing method of decreasing 
maintenance along roadways in the 
Midwest. In addition, in 2006, California 
harvested wild oats along Interstate 
505 for feed and straw to decrease 
roadside maintenance costs. To date, no 
one except the FreeWays to Fuel team 
has investigated the use of these areas for 
biodiesel production.  

The first plots for FreeWays to Fuel were 

Growth of oilseed crops along freeways coupled with the 
production of ethanol from the remaining biomass is a 
beneficial use throughout the bioenergy system. 

“ ”
replace diesel fuel at $3.00 Operating Costs units cost/unit total
width of growing area(ft) 100.0 Aerator/Spreader/Seeder $2/ acre 1 $2.00 $2.00  
acres of growing area/mile 12.1 Canola Seed 10 $2.00 $20.00 *adjusted to untreated prices
yield per mile cwt 78.8 Nitrogen lbs/acre  ((NH4)2SO4 40 $0.70 $28.00  
gallons of oil/mile 371.0 P2O5 lbs/acre 0 $0.30 $0.00  
cost biodiesel production/mile $1,104.59 Sulfur lbs/acre 10 $0.20 $2.00  
worth of biodiesel/mile $1,113.14 Herbicide - glyphosate 2 $5.00 $10.00 *adjusted to generic prices
Profit/mile $8.55 Insecticides 0.4 $7.00 $2.80 *adjusted to generic prices
Total Savings/mile $318.55 Fuel - Diesel/Gasoline 2 $3.20 $6.40

Machinery Repair 1 $5.98 $5.98
processing costs/acre $28.47 Labor (machine) 1.04 $12.00 $12.48 *this may be modified down
gallons of oil (per acre) 30.6 Labor (non-machine) hrs 0.25 $12.00 $3.00
cake for cattle feed $39.00 Interest on Capital @ 5.50% 0 $2.50 $0.00
production of biodiesel/acre $91.13 Total Operating Costs/Acre $92.66

   
assumptions: Fixed Costs
yield cwt/acre* 6.5 General Overhead  $2.00 $2.00
cost of maint/mile $310.00 Machinery Depreciation $6.00 $6.00 *adjusted to lower machinery costs ~ aerway 
pressing per gal $0.13 Machinery Interest $0.00 $0.00 *all equipment leased
processing costs (gallon) $0.80 Land Rent  $0.00 $0.00 *state owned
fuel tax credit $0.00 Management Fee $1.00 $1.00
weight of oil per gal 7.4 Fallow Cost $0.00 $0.00 *state owned - no rent due
oil yield (%) 41.0% Property Taxes $0.00 $0.00 *state owned
extraction efficiency (%) 85.0% Insurance $0.00 $0.00 *state owned
value of cake /ton $200.00 Total Cash Ownership Costs/Acre $9.00

   
Total Cost/Acre $101.66

*lower than average yields

Figure 1. Economic Model for FreeWays to Fuel

Figure 2. Examples of UDOT equipment that could utilize biodiesel from F2F
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established on shoulders of three freeway 
right-of-ways in Utah during 2007 in a 
collaborative project between the Utah 
Department of Transportation and Utah 
State University (Figure 3). Much attention 
has been paid to the initial phase of this 
project and you may view the kick off of 
this project with UDOT by visiting this link:  
;http://www.usu.edu/prm/
newshighlights/udotbiodiesel/.

Experimental design for plots was a 
complete randomized block design with 
four treatments replicated in each of 
the four blocks planted on sloping areas 
of highway shoulders in four locations – 
Tremonton, Kaysville, Mona (includes both 
Mona and MM 240), and St. George, 
Utah. A control location at the Kaysville 
Utah State University Research Farm was 
established to compare normal agronomic 
practices and serve as a control measure 
to compare with production under 
highway conditions. All locations were 
planted with safflower, glyphosate-ready 
canola and winter glyphosate-ready 
canola. No herbicide treatments were 
administered post emergence.  

Soil conditions were sampled at each 
location and the results are shown in 
Figures 4, 5 and 6. Chemical analyses 
of soil conditions are conducive to 
crop growth in plot areas. Physical 
soil conditions are problematic due to 
high levels of compaction. Initial soil EC  
(electrical conductivity or salt content) 
does not indicate any deicing salinity 
problems to date, but this will require 
further monitoring. The 2007 crop year 
presented extreme climatic conditions in 
Utah. It has been reported, as one of the 
hottest and driest in history and 2008 
doesn’t appear to have been much better.  
Drought conditions, along with planting 
timing and depth, have affected the 
research plots and 2007 yields were less 
than acceptable.  

It is our purpose in subsequent years to 
develop successful plant establishment 
methods. Our current research path 
proposes a comparison of three different 

plant establishment methods 
including: a conventional single 
pass no-till drill, a single pass 
aeration planting technique, 
and a single pass F2F 
culti-banding process which 
includes the single aeration 
planting technique described 
in combination with organic 
banding, post-planting over 
the furrow. 

In addition to our plant 
establishment research, 
a national FreeWays to 
Fuel Alliance is being 
organized that will test this 
biomass production process 
throughout the country. The 
Alliance includes interest or 
participation from a number 
of institutions, agencies and 
corporations that include: 

Washington State • 
University

Montana State University• 

Michigan State • 
University

State University of New • 
York at Cobleskill

Pennsylvania State • 
University

North Carolina State • 
University

Auburn University• 

Iowa State University• 

USDA• 

U.S. Department of • 
Defense

National Biodiesel Board• 

25x’25• 

Numerous departments • 
of state energy and 
transportation

New Holland Tractor• 

AerWay Aeration• 

Figure 4. Organic, pH and EC of FreeWays to Fuel Soils

Figure 5. Soil Nutrient Content of FreeWays to Fuel Soil

Figure 6. Compaction of Roadside Plots vs. Research Farm

Figure 3. Laying out plots along freeways

http://www.usu.edu/prm/newshighlights/udotbiodiesel/
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The purpose of this alliance is to more 
rapidly increase the knowledge base of 
the possibilities of FreeWays to Fuel in 
other parts of the country and hopefully 
decrease the time between adoption 
and implementation of growing biofuel 
feedstocks on non-traditional agricultural 
lands.  

Authors’ Picks for Further Reading
FreeWays to Fuel
;www.freewaystofuel.org

Media Clip
;http://www.usu.edu/prm/
newshighlights/sproutingcrops/ 

National Biodiesel Board 
;http://www.biodiesel.org/ 

About the Authors
Dallas Hanks is a Research Assistant in the 
Department of Plant, Soils and Climate at 
Utah State University.

Ralph Whitesides is an Extension Weed 
Specialist with Utah State University 
Cooperative Extension.

Consumer Guide to Renewables
The Energy Information Administration has 
published the brochure Renewable Energy 
Sources: A Consumer’s Guide that provides a 
definition of renewable energy, how it is used, 
and the various types of renewable energy 
sources. You may access the brochure here: 
;http://www.eia.doe.gov/neic/brochure/
renew05/renewable.html

National Renewable Energy 
Laboratory
Home to the nation’s primary laboratory for 
renewable energy and energy efficiency 
research and development since 1977, the 
National Renewable Energy Laboratory 
(NREL) focuses its efforts on “advancing the 
U.S. Department of Energy’s and our nation’s 
energy goals.” According to their website, 
NREL focuses its research and development 
efforts in its areas of expertise which are:

Renewable Electricity• 
Renewable Fuels• 
Integrated energy system engineering and • 
testing
Strategic energy analysis• 

The Lab states, “A critical part of our 
mission is the transfer of NREL-development 
technologies to renewable energy markets.” 
They also collaborate on hundreds of public-
private research projects.

The NREL website is well worth a visit 
and includes an extensive section on using 
renewable energies and these are listed under 
“Learning About Renewables.” This section 
includes resources for students, ranchers, 
farmers, small business owners, communities, 
homeowners and electricity providers.  

National Renewable Energy Laboratory
;http://www.nrel.gov/

http://www.freewaystofuel.org
http://www.usu.edu/prm/newshighlights/sproutingcrops/
http://www.biodiesel.org/
http://tonto.eia.doe.gov/reports/reports_kindD.asp?type=brochure
http://www.nrel.gov/
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The National Renewable Energy 
Laboratory classifies wind resources 

in Northeast Colorado as good to 
excellent. Since 2004, this area is rapidly 
developing into one of the largest wind 
producing areas in the country. With 
each wind tower that goes up, county 
government benefits from increased 
assessed valuation and property taxes, 
building permit fees and material taxes. 
Local communities benefit from increased 
economic activity during the construction 
phase and to a lesser extent, with ongoing 
operations and maintenance jobs.

As wind energy development occurs, a 
multi-agency educational effort has been 
underway to educate rural residents 
about renewable energy options and their 
applicability in northeast Colorado. Rural 
residents express high levels of interest 
in producing energy from renewable 
sources and using that energy in their 
agricultural operations. Net metering laws 
now in effect in Colorado have changed 
the feasibility of these projects to a much 
more positive outcome.

Wind Energy Development
Figure 1 shows the Wind Resource Map 
for Colorado with the northeast Colorado 

area highlighted. The areas currently 
under development by Florida Power and 
Light (FPL) are the good and excellent 
areas along the Colorado/Nebraska state 
line. Rich O’Connell, Executive Director of 
the Logan County Economic Development 
Corporation, explains the Peetz Table 
developments as follows, “As of December 
2007, there were 339 wind turbines 
operating in the Peetz area. The majority 
were constructed by Florida Power and 
Light Energy (FPL Energy) in 2007. Two 
earlier developments, Invenergy and 
EnXco, contain 72 towers that were 
constructed in prior years. FPL Energy 
recently announced their third phase 
that will add another 218 towers. These, 
plus an additional 88 towers originally 
permitted for Ridge Crest/EnXco, will 
bring the total to 645 running east-to-west 
along the northern Logan County border. 
When completed, the project will supply 
over 700 megawatts which is enough to 
power over 200,000 homes.” 

Invenergy is actively negotiating land 
leases in Sedgwick County in addition to 
the Logan County projects. This project 
is planned for 367, 1.5 MW generators 
to produce over 500 MW of electricity. 
Two key components of any project 

proposal are: 1) Production contracts with 
a manufacturer to acquire the generators 
and 2) A power purchase agreement with 
a utility for a guaranteed purchase over 
a set period of time. Each component is in 
place for the FPL and Invenergy projects.

The Economic Impact 
In a public meeting hosted by Invenergy, 
representatives provided the following 
guidelines to measure economic impacts: 
1) There will be 10-12 maintenance 
jobs per 100 MW generated; 2) There 
will be 200 construction jobs per 150 
MW generated; and 3) There will be a 
$400,000 increase in tax base per 100 
MW generated.

O’Connell describes the economic impact 
in Logan County as “huge.” This is the 
largest single project in the history of 
Logan County and will benefit residents 
for many years to come. FPL Energy 
invested $700 million in 2007 alone 
for the 267 towers, plus a 70-mile 
transmission line to carry power to the 
Xcel Pawnee Power Station in Brush. Logan 
County received a one-time payment of 
$4.16 million for phases one and two 
that represents $4,788 in building permit 
fees and $10,789 in material taxes for 
each of the 267 towers. In addition, the 
property tax that will be paid to Logan 
County and special districts is estimated at 
$69 million over 30 years, or $2.3 million 
per year. Annual easement payments to 
property owners range from $4,000 to 
$6,000 and will add another $45 million 
over 30 years. The new development is 
estimated to nearly double these amounts.

During 2007, nearly 350 construction 
workers were employed in the area. They 
purchased temporary housing, food and 
supplies during their months here. Over 
20 full-time, permanent jobs were created 
for wind technicians to service the wind 
turbines. It is expected that a similar 
number of construction and permanent 
jobs will be created by the third-phase 
development. The estimate for annual 
operating costs is $4 million per year.

By Dennis A. Kaan

Figure 1. Wind Resource Map of Colorado



At the same time the large companies have been developing 
wind energy in northeastern Colorado, rural communities and 
landowners have expressed interest in learning how they can 
participate in wind energy development on a smaller scale or 
develop other forms of renewable energy. 

“
”

In addition to the economic impacts 
described at the county level, Peetz mayor 
Greg Nienhuser talks about the economic 
impacts at the local level in an equally 
favorable voice. Local tax districts such 
as the fire district may consider lowering 
the mill levy assessed by the district. 
FPL has also been a good neighbor in 
the community, funding a new fire hall/
community center as well as contributing 
sponsorship funding for numerous 
community programs, including 4-H Youth 
Development programs.

CSU Extension Education Programming
At the same time the large companies 
have been developing wind energy in 
northeastern Colorado, rural communities 
and landowners have expressed interest in 
learning how they can participate in wind 
energy development on a smaller scale 
or develop other forms of renewable 
energy. Northeastern Colorado has 
the potential to produce various forms 
of alternative energy from bioenergy 
(ethanol or biodiesel), to biodigestors 
and solar energy. Interest is high to 
utilize alternative energy sources at the 
farm or community level to offset energy 
consumption from traditional sources.

To begin to address these questions, 
a multi-agency planning committee 
was formed to plan and coordinate 
educational programs. Members of the 
planning committee include the following: 
CSU Extension agents; Northeast 
Colorado Resource, Conservation and 
Development Coordinator; Fort Morgan 
Small Business Development Center 

Director; Sedgwick County Economic 
Development Executive Director; Logan 
County Chamber of Commerce Director; 
and regional representatives from the 
Colorado congressional delegation 
representing northeastern Colorado. 
Faculty members from Northeastern Junior 
College and Morgan County Community 
College have also joined the planning 
committee. 

The planning committee has hosted two 
regional meetings with the following 
mission statement in mind: “At the end 
of the day, agricultural producers, 
businesses, manufacturers, lenders 
and venture capitalists will have an 
understanding of the current renewable 
energy market in northeast Colorado and 
have an idea how they can participate 
in this market.” Over 100 agricultural 
producers, homeowners, businesspeople, 
and community leaders attended each 
workshop. Evaluations collected following 
each workshop reported an increased 
level of understanding by participants, 
confirming the planning committee had 
met its objectives. Speaker presentations 
can be accessed via the Internet at 
;http://goldenplains.colostate.edu/
renewable_energy.html.

Conclusions and Future Work
Wind resources in northeastern Colorado 
are well-documented and being utilized 
today with over 400 MW of electricity 
being produced. Future plans will move 
the total electricity produced to over 
1100 MW, enough electricity to power 
close to 315,000 homes. Wind farms of 

this scale have a large economic impact 
in the rural economies where they exist. 
County governments benefit through 
increases in assessed valuation and 
property taxes generated. At the local 
level, special districts benefit as well 
from increased valuations and, thus, from 
funding flowing to the districts. 

With this level of development occurring, 
local residents and rural communities have 
been asking how they can participate 
in this new economic activity. CSU 
Extension has partnered with community 
development agencies in northeast 
Colorado to provide educational 
programs to answer these questions. 
Programs started at a broad level to 
explore several alternative energy 
production methods. Now, they focus 
on specific technologies and how they 
can be implemented on an individual or 
community scale.

Author’s Picks for Further Reading
;http://www.nrel.gov

;http://www.windpoweringamerica.gov

;http://www.ext.colostate.edu/energy/
index.html

About the Author
Dennis A. Kaan is an Extension Agent with 
Colorado State University Extension. He 
serves as Golden Plains Area Director for 
five counties in northeast Colorado and is 
a community development agent in those 
counties. As a community development 
agent, Dennis conducts Extension programs 
in renewable energy and agritourism. 
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In recent years, substantial increases in 
fuel prices have hit rural communities 

especially hard. Residents in these 
communities often have limited access to 
public transportation and must travel long 
distances to access shopping and medical 
care. Recent energy price increases 
have encouraged rural communities to 
evaluate energy conserving technologies 
and alternative energy production 
opportunities. Distributed small-scale 
biodiesel production has been touted as 
an environmentally-friendly, domestically-
supplied energy source by many popular 
press articles. Rural communities now 
need the tools necessary to evaluate the 
viability of such projects.

What is Biodiesel?
Biodiesel is fuel produced by a chemical 
reaction between a vegetable oil, an 
alcohol and a catalyst such as sodium 
hydroxide or potassium 
hydroxide. Producing a 
gallon of biodiesel requires 
approximately one gallon of 
vegetable oil, 0.12 gallons of 
methanol and a small amount 
of catalyst. The biodiesel 
produced can be used in diesel 
engines without modification 
and, therefore, can be used by current 
diesel engine owners.

Economics of Biodiesel Production
The cost of vegetable oil accounts for 
over 80% of the total cost of producing 
biodiesel. Consequently, obtaining an 
affordable source of oil is critical for 
financially viable production. Oil can be 
obtained by purchasing it as virgin or 
recycled oil. A biodiesel producer can 
also process oilseeds as part of the larger 
biodiesel process to obtain oil. Recycled 
oil is often the cheapest option but may 
be available in only limited quantities, 
especially in rural areas. 

Oilseed Production
Availability of vegetable oil is directly 
linked to the profitability of oilseed 
crops to farmers. In the U.S., biodiesel 
production has mainly utilized soybean 

oil although oils from canola, safflower, 
sunflower, flax, camelina and others 
are also technically viable. Yet recently, 
oilseed crops, excluding soybeans, have 
had difficulty competing with other crops 
such as wheat, barley and corn for farm 
land, due to financial considerations. For 
example, in 2008 U.S. planted acres 
of canola, flax, mustard, rapeseed, 
safflower, and sunflower were all less than 
in 2003.  

Oilseed Processing 
The availability of oilseed processing 
facilities is another important 
consideration. Commercial oilseed 
processors are well-established in parts 
of the country that have traditionally 
produced oilseed crops including but not 
limited to the Midwest. These operations 
process as little as two tons to more than 
1,000 tons each day. Lower volume 

processors (generally less than 150 tons 
daily) tend to utilize mechanical extraction 
technology while larger volume processors 
utilize solvent extraction technologies.  

Mechanical extraction requires relatively 
little capital investment, has few 
environmental concerns and is able to 
recover between 60 and 80 percent 
of oil contained in raw feedstocks. To 
illustrate, assuming a 75% recovery rate, 
if a processor starts with 100 pounds 
of canola (40 percent oil content) then 
approximately 30 pounds of oil will be 
recovered. About 65 pounds of meal will 
also be produced and five pounds of 
material will be lost due to a reduction in 
moisture content. 

Solvent extraction technology requires 
substantial initial capital investments, 
environmental permits (mainly because 

solvents are used), and are able to 
achieve oil recovery rates of 99 percent 
or more. At that rate, if 100 pounds of 
canola is processed with this technology 
then 39.5 pounds of oil, 65.5 pounds of 
meal and similar moisture loss can be 
expected. Oil is more valuable than meal. 
Therefore, this type of operation increases 
revenues received by the processor.

Biodiesel producers may also be oilseed 
processors but many choose to buy oil 
from another processor. Regardless of 
ownership arrangements, reliable and 
affordable supplies of oil are required 
for multiple years for a biodiesel 
processor to be financially successful.

Biodiesel Production
Biodiesel production is relatively simple 
in many respects. It can be produced in 
almost any quantity, from laboratory 

demonstration processes to 
millions of gallons per year. 
Biodiesel for personal use is 
commonly produced in 20 to 
200 gallon batches. Small-
scale production requires more 
labor and more methanol 
than larger facilities. Small-
scale equipment is relatively 

inexpensive and can be operated with 
minimal training. Even small commercial 
facilities are usually able to recover and 
reuse excess methanol, but these facilities 
still have higher labor costs than larger 
facilities.  

Any commercial biodiesel production 
must satisfy fuel quality standards, which 
are defined by the American Society 
for Testing and Materials (ASTM) 6751.  
Producers need a fuel quality testing 
program to ensure their biodiesel meets 
these standards. Testing is costly and likely 
precludes commercial production of small 
amounts of fuel. For example, a $1,400 
test completed on a 200 gallon batch 
of biodiesel adds $7 to the cost of each 
gallon but the same test performed on 
2,000 gallon batch adds only $0.70 to 
each gallon. An appropriately designed 
quality assurance program is an integral 

By Joel B. Schumacher
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part of all successful biodiesel business 
plans but may currently be costlier for 
smaller producers.

Production Facility Considerations
Several issues affect the appropriate size 
of a production facility. The first is the 
availability of oil. If locally or regionally 
produced oilseeds are to be the main 
source of oil, then estimates of regional 
production are needed. An estimate of 
regional production requires estimates 
of acres that are part of an oilseed 
crop rotation, how often an oilseed 
crop is grown in the rotation (one out of 
three years is common), average crop 
yields, expected oil content, distance to 
processing plants and oil recovery rates 
of processing facilities.  

Byproducts are another important factor 
in biodiesel production. Depending on 
the oilseed and the type of processing, 
between 65 and 85 percent of the 
raw seed will be turned into protein 
meal. Protein meal is generally used for 
livestock feed. Every 1,000 gallons of 
biodiesel produced also produces 100 
to 150 gallons of glycerin, which can 
be refined for use in cosmetics or other 
applications. The availability of markets 
for these byproducts may help determine 
the size of a production facility.

A final major factor is the stability of 
government subsidies. Currently, numerous 
subsidies exist for biodiesel production, 
including a $1 per gallon blenders tax 
credit. Many are scheduled to expire 
between 2010 and 2014. Any business 
that receives approximately 20% of total 

revenue from some type of government 
program faces significant risk that future 
program funding may be reduced or 
eliminated.  

Conclusion
Successful distributed biodiesel production 
requires a solid business plan that 
addresses the issues previously mentioned 
in this article and others unique to each 
locale. Producers and communities 
interested in exploring their biodiesel 
production opportunities may contact 
the Agricultural Marketing Policy Center 
(see below for contact information). 
Factors such as the profitability of 
oilseed production, availability of oilseed 
processing and biodiesel production 
facilities, the price of traditional energy 
sources, and the future of government 
programs will all help answer the question, 
“Is distributed biodiesel production a 
financially viable option?” 

More information is available at:
Agricultural Marketing Policy Center 
Montana State University
P.O. Box 172800
Bozeman MT 59717
Tel: (406) 994-4838
;www.ampc.montana.edu/
energyinformation.html

Biodiesel Cash Flow/Income Statement 
Worksheet
Available by download from the 
Agricultural Marketing Policy Center at 
Montana State University
;http://www.ampc.montana.edu/
energyinformation.html

Author’s Picks for Further Reading:
University of Idaho
;www.biodieseleducation.org
Excellent resource for small and medium-
sized biodiesel producers.

U.S. Department of Energy Efficiency and 
Renewable Energy, “Alternative Fuels & 
Advanced Vehicles Data Center.”
;http://www.eere.energy.gov/afdc/
fuels/biodiesel.html
Good resource providing general interest 
information and technical reports.

Biodiesel – The Official Site of the 
National Biodiesel Board
;http://www.biodiesel.org/
Representing the biodiesel industry in the 
U.S.

About the Author
Joel B. Schumacher is an Extension 
Economics Associate Specialist at Montana 
State University.

Distributed small-scale biodiesel production has been 
touted as an environmentally-friendly, domestically-

supplied energy source by many popular press articles. 
Rural communities now need the tools necessary to 

evaluate the viability of such projects.
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”
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By John R. Shelly

Moving towards a non-fossil energy 
resource is becoming an increasingly 

important 21st century issue. Dwindling 
fossil fuel resources, global warming 
concerns, and an increasing global 
demand for energy lead to the conclusion 
that the search for alternative energy 
resources will continue far into the future. 
California, both a major consumer and 
producer of energy products, now plays 
a leading role in both the renewable 
energy policy arena and the search for 
sources of renewable energy. Folks aware 
of the large forest resources in the state 
and the often-devastating consequences 
of catastrophic wildfires often ask the 
obvious question: Why can’t we reduce 
the wildfire risk and produce alternative 
energy by diverting wildfire fuels to 
energy products?

Wood as a Renewable Energy Resource
Woody biomass has some distinct 
advantages as an alternative energy 
feedstock. Not only is wood a renewable 
resource but replacing fossil-based 
energy resources with biomass-based 
energy resources will also reduce the 
CO2 component of greenhouse gas 
as long as plant growth can keep up 
with the increasing rates of biomass 
decomposition. Wood has always been 
an important energy feedstock. A ton 
(907.2 kg) of bone-dry woody biomass 
produces about 8 million Btu (8,440 MJ) 
of usable heat energy. Recent estimates 
suggest that U.S. energy production from 
current levels of available woody biomass 
could be increased to about 6% of the 
demand using existing technology and 
perhaps as high as 10% of total energy 
demand, given significant improvements in 
biomass handling infrastructure, as well as 
conversion technology and efficiency.

Technologies
Bio-energy, or useful energy extracted 
from biomass, can be produced through 
many pathways and processes. The 
most direct pathway is the combustion 
process that produces useful energy 
for temperature control or to power 
steam-driven generators that produce 

electricity. Alternative pathways involve 
an intermediate step to produce a liquid 
or gaseous fuel that will later be used 
in a combustion process to deliver the 
energy to an end use. These alternate 
pathways include both biochemical and 
thermochemical methods of breaking 
down wood into constituents that can 
produce a variety of liquid fuels such as 
ethanol, butanol, biodiesel, and bio-oil 
and gaseous fuels such as producer gas, 
synthesis gas, methane, and hydrogen. 
Many of these products themselves can be 
the feedstock for higher-value bioproducts 
with additional processing. One example 
is the Fisher-Tropsch process, a well-known 
industry method of catalytic conversion 
of a synthesis gas into liquid hydrocarbon 
transportation fuels such as synthetic 
diesel or ethanol.

Feedstock Characteristics
A strong case can be made to encourage 
more use of woody biomass as a 
feedstock for renewable energy because 
it is renewable and abundant. However, 
there are also some important issues that 
may deter the increased use of wood 
for bio-energy. First, wood is a relatively 
low-energy-density fuel when compared 
to other energy feedstocks, which leads 
to a high cost of procuring, processing, 
and transporting the feedstock. Second, 
although it is abundant, woody biomass 
may be difficult to obtain because of 
competing uses for the material or in the 
case of forest biomass, concerns about 
ecological effects, landowner desires, or 
remote locations. Third, there is a general 
lack of understanding about the impacts 
of conversion technologies related to 
energy balances and environmental 
carbon fluxes. Each of these issues is also 
an opportunity for fostering research 
that will advance science-based decisions 
needed to move into a non fossil-based 
energy society.

Regions that currently have a surplus 
of biomass, such as many areas of 
California, are well-positioned to lead the 
development of bio-energy. Biomass in 
California includes agricultural residues, 

forest-based woody materials, and urban 
waste. Much of the agricultural residues 
and woody component of urban waste 
is already used in the existing California 
biomass-based energy industry that feeds 
electricity into the national grid. Forest-
based biomass is the least used biomass 
resource for bio-energy products, partly 
because high costs of extraction from 
the forest and transport to processing 
facilities make it the least competitive fuel 
resource. However, forest-based biomass 
may have the largest untapped potential, 
especially if the increased use of this 
material can be linked to reducing the risk 
of catastrophic wildfires.

The California bio-energy industry 
produces about 800 megawatts (MW) 
of electricity or about 2% of the state’s 
electricity needs. This industry consists of 
15 stand-alone power plants ranging 
in size from 5 to 55 MW capacity and 
12 “heat and power” co-generation 
facilities, ranging in size from 4 to 19 
MW capacity. The 12 co-generation 
facilities are associated with the forest 
products industry and exclusively use 
sawmill residues and forest biomass as the 
bio-energy feedstock. The remaining 15 
stand-alone power plants use a mixture of 
agriculture residues, urban wood waste, 
and forest biomass. Estimates vary, but 
if an additional 8 to 20 million bone dry 
tons of woody biomass could be made 
available then bio-energy production in 
the state would be increased to 5% of 
the state’s demand at the low estimate, to 
nearly 15% at the high estimate.

Education and Outreach Efforts
In addition to the large-scale bio-
energy industry discussed above, many 
in the state are interested in developing 
smaller-scale, biomass-fueled equipment 
for heat and/or power uses. This is of 
particular interest in rural communities 
and locations where more traditional 
fossil-based fuels are costly and forests 
are abundant. Collaborative efforts 
with state and federal agencies (e.g. 
the California Energy Commission and 
the USDA Forest Service) are actively 
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involved in funding many small-scale 
projects and encouraging development 
and demonstrations. Examples include 
woody biomass heat systems for 
commercial greenhouses and public 
buildings as well as demonstrations of 
emerging gasification technology capable 
of producing both heat and electricity.

The University of California Cooperative 
Extension has designed the Woody 
Biomass Utilization program to disseminate 
information, educate decision makers, 
and encourage research into woody 
biomass as a feedstock for bio-energy 
as well as other value-added products. 
Much of the effort is directed through 
the University of California Division of 
Agriculture and Natural Resources, Woody 
Biomass Utilization Workgroup. The focus 
of this workgroup is to: increase the 
knowledge base through research and 
collaborative discussions on key issues and 
technology related to woody biomass 
utilization; establish effective knowledge 
dissemination methods; and provide 
leadership in cooperative efforts with 
experts, key state agency officials, and 
other key partners to develop strategies 
for increasing woody biomass utilization 
opportunities. Current efforts are centered 
on assessing biomass opportunities, 
evaluating feasibility, and providing 
technical assistance and knowledge 
transfer. Research projects addressed in 
the Woody Biomass Utilization program 
are focused on: 1) characterization of the 
material properties of the wide range of 
woody biomass materials; 2) compilation 
of data on biomass properties, utilization 
potential and processing challenges; 3) 

evaluation of viable technologies and 
products that can be manufactured from 
biomass; and 4) evaluation of potential 
markets.

Knowledge transfer and information 
dissemination are primarily achieved 
through workshops, facilitated 
workgroups, technical presentations to 
client groups, publications, and an Internet 
web site. An effective delivery method is 
the series of targeted workshops (about 
six per year) designed for the specific 
biomass issues of a local community or 
region. Working closely with the leaders 
in the local area and coordinating 
closely with the USDA Forest Service, 
rural development organizations, and 
the California Department of Forestry, a 
workshop is designed that addresses the 
availability of biomass in the area and 
discusses realistic options for developing 
local uses for the biomass.

The outputs of this program area have 
heightened the awareness of clientele 
groups to the importance of finding uses 
for woody biomass materials, highlighted 
the challenges that must be addressed, 
and provided a baseline of basic 
properties of woody biomass. Interagency 
cooperation has improved as a direct 
result of the collaborative projects. 
Knowledge transferred has heightened 
the awareness of clientele groups to the 
challenges in using biomass as a raw 
material, including the risk of spreading 
plant diseases. This has directly resulted 
in more effective utilization processes, 
reduced hazards, and avoided costs.

Conclusion
Can woody biomass be a viable 
alternative to fossil fuels? Many questions 
remain unanswered but programs that 
encourage research of important issues, 
disseminate science-based knowledge, 
and educate the public and decision 
makers about the trade-offs will help to 
answer these questions. More information 
about the UC Woody Biomass Utilization 
extension program and its approach 
can be found at ;http://ucanr.org/
WoodyBiomass/.

Author’s Picks for Further Reading
David L. Nicholls, R. A. Monserud, D. P. 
Dykstra. 2008. Biomass Utilization for 
Bioenergy in the Western United States. 
Forest Products Journal Vol. 58, No. 
1/2. ;http://www.forestprod.org/
janfeb08feature.pdf

Jerrold E. Winandy, A. W. Rudle, R. 
S. Williams, and T. H. Wegner. 2008. 
Integrated Biomass Technologies: A future 
vision for optimally using wood and 
biomass. Forest Products Journal Vol. 58, 
No. 6.  ;http://www.forestprod.org/
jun08feature.pdf

Woody Biomass Utilization: Challenges 
and Opportunities. 2008. J.R. Shelly, M.E. 
Puettmann, K.E. Skog, and H. Han, Eds. 
Conference proceedings. Forest Products 
Society, Madison, WI. 102 p.
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T h e  W e s t e r n  P a c i f i c  C o n n e c t i o n : 
C o n v e n i n g  C h i e f s  a n d  C o u n c i l s
By Peter R. Barcinas

The Chief Executives of Micronesia - 
which includes the U.S. territory of 

Guam, the Commonwealth of the Northern 
Mariana Islands, the Republic of Palau, 
and Yap State, which is part of the 
Federated States of Micronesia (FSM) - 
recently incorporated all the FSM states 
(Kosrae, Ponphei, Chuuk states) and the 
Republic of the Marshals to be part of 
the Chief Executives of Micronesia. The 
Chiefs meet bi-annually with a rotating 
leadership and sponsoring of the Chief 
venue. This year the Chiefs will be meeting 
in FSM- Ponphei state to continue the 
leadership dialogue around the following 
regional programming themes: Workforce 
Investment, Invasive Species, Solid Waste 
Management, Energy, the Micronesian 
Challenge, Health, Tourism, Transportation, 
Zoning, and Education.

In each of the programming themes, 
a workgroup serves as the technical 
advisory body to the Chiefs and represent 
industry, government and island/
regional community interests aligned 
to the core themes. The Pacific Islands 
Regional Recycling Initiative Committee 
(PIRRIC) was tasked with the following: 
development of a comprehensive 
regional solid waste action plan; 
conducting a national and regional waste 

assessment; improvement of environmental 
monitoring; development of national 
institutional controls; and identification 
of funding opportunities. Other key 
Chief Workgroups/councils include the 
establishment of the Regional Invasive 
Species Council (RISC), overseeing all 
invasive species regional issues, as well 
as the Regional Tourism Council (RTC), 
Regional Health Council (RHC), Regional 
Workforce Development Council (RWDC), 
Transportation Committee (TC), Zoning 
Committee (ZC), and Regional Energy 
Committee (REC). While each of the 
councils has their specific agenda, each 
workgroup is also 
required to report 
the progress of 
their sponsored 
action plans in the 
upcoming summit. 

In keeping with the 
Rural Connections 
fall issue focus on 
renewable energy, 
offering the Pacific 
perspective is 
timely, and adds 
contrast to the 
range of energy 
issues facing 

our nation. The Chiefs and the REC 
acknowledge the price of fuel as the top 
energy concern for all the island utilities. A 
regional response to this energy challenge 
includes a purposeful shift to considering 
different renewable alternative energy 
technologies. The Chiefs directed the 
REC to begin an aggressive review of 
these alternative technologies and to 
conduct serious research into various 
technologies’ viability in the region, with 
a special focus on renewable/alternative 
energy technologies such as solar, wind, 
geothermal, ocean current, tidal, and 
deep ocean water. In Guam, the Public 
Utilities Commission has already begun 
initial work in conducting feasibility studies 
into deep ocean water options for cooling 
systems for large institutions.  

While all the councils have their charter 
issues to address, expect to see an overall 
increase in planning and activity from the 
REC and the RWDC workgroups.  

About the Author
Peter R. Barcinas is the Program Leader 
for Economic and Community Systems 
for the University of Guam Cooperative 
Extension Service and member of the 
RWDC workgroup for Guam.
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Slow economic growth, rising 
fuel prices, and security 

threats make headlines every day. The 
complicated web of problems facing 
modern society can seem daunting at best, 
unsolvable at worst. For many individuals, 
fear and apprehension for the future has 
replaced hope for a better tomorrow.

But charting a course for the future 
needn’t embrace this gloomy outlook.
In 2004, Rocky Mountain Institute released 
Winning the Oil Endgame, an independent, 
peer-reviewed roadmap for getting the 
United States completely, attractively and 
profitably off oil by 2050.

Rather than pursue a single substitute, 
the study employs a range of strategies 
working in concert to displace oil.
The first, and most important, step is to use 
what we have at least twice as efficiently. 
Fully applying today’s best efficiency 
technologies in a doubled-GDP 2025 
economy would save half the projected 
U.S. oil use at half its forecasted cost per 
barrel.

The second step is to substitute biofuels, 
saved natural gas, and (optionally) 
hydrogen where appropriate. These non-
oil substitutes would also cost less than oil 
in 2025.

All the comparisons conservatively 
assign zero value to avoiding oil’s many 
“externalized” costs, including the costs 
incurred by military insecurity, rivalry 
with developing countries, pollution and 
depletion.

Furthermore, vehicle improvements and 
other savings required needn’t be as 
fast as those achieved after the 1979 oil 
shock.

With 
the help 
of market-
oriented, 
innovation-

driven public 
policies, Winning the 
Oil Endgame explains 
how this transition can 
be led by business for profit.
The benefits to society are myriad. 
The study found that a $180-billion 
investment over the next decade would:

Yield $130-billion annual savings by • 
2025;

Revitalize the automotive, truck, • 
aviation, and hydrocarbon industries;

Create a million jobs in both industrial • 
and rural areas;

Rebalance trade;• 

Make the United States more • 
secure, prosperous, equitable, and 
environmentally healthy;

Encourage other countries to get off • 
oil, too;

Make the world more developed, • 
fair, and peaceful.

You may download the book here:
;http://www.oilendgame.com/

A  F u t u r e  W i t h o u t  O i l 
W i n n i n g  t h e  O i l  E n d g a m e

From the Rocky Mountain Institute

The Rocky Mountain Institute “is 
an independent, entrepreneurial, 

nonprofit organization. [They] foster 
the efficient and restorative use of  

resources to make the world secure, 
just, prosperous, and life-sustaining.” 

Led by Amory B. Lovins, who was 
praised by Newsweek as “one of  

the Western world’s most influential 
energy thinkers,” RMI works with 

communities, governments, and 
businesses to “help them create more 
wealth and employment, protect and 
enhance natural and human capital, 

increase profit and competitive 
advantage — largely by doing what 

they do far more efficiently.”
;http://www.rmi.org/

http://www.rmi.org/
http://www.oilendgame.com/


E x p l o r i n g  O c e a n  W a v e  E n e r g y 
R e s e a r c h ,  D e v e l o p m e n t  a n d  O u t r e a c h

The solutions to today’s energy 
challenges need to be explored 
through alternative, renewable 

and clean energy sources to enable a 
diverse national energy resource plan. 
An extremely abundant and promising 
source of energy exists in the world’s 
oceans. Ocean energy exists in the 
forms of wave, tidal, marine currents, 
thermal (temperature gradient) and 
salinity. Among these forms, significant 
opportunities and benefits have been 
identified in the area of ocean wave 
energy extraction, i.e., harnessing the 
motion of the ocean waves, and converting 
that motion into electrical energy. 
Wave energy can be considered a 

concentrated form of solar energy in that 
it is the uneven heating of the earth’s 
surface that creates the winds, and it is 
the wind that generates the waves. With 
the west to east traveling global winds, 
the west coasts of land masses see the 
greatest wave energy potential, and those 
potentials increase toward the earth’s 
poles.

Waves have several advantages over 
other forms of renewable energy such as 
wind and solar, in that the waves are more 
available (seasonal, but more constant) 
and more predictable with better load 
correlation. Wave energy also offers 
higher energy densities (e.g., the density 
of water is about 832 times that of air), 
enabling devices to extract more power 
from a smaller volume at consequent 
lower costs and reduced visual impact.

The Electric Power Research Institute (EPRI) 
has estimated that the wave energy 
resource potential that could be credibly 
harnessed in the U.S. is equivalent to the 
nation’s existing hydro power resource 
(about 6.5% of the total U.S. electricity 
supply). These estimates correspond to 
260 TWh/yr, or an average power of 
30,000 MW. Considering that 50% of 
the U.S. population lives within 50 miles 
of the coastline, wave energy presents 
a promising addition to the nation’s 
renewable energy portfolio, by providing 
power where it is needed.

Wave Energy Research Developments
Ocean wave energy technologies are in 
the preliminary stages of development, 

where wind turbines were 
approximately 15-20 years 

ago, with 
several 
designs 

developing, and no clearly superior 
engineering solutions yet established. 
Fortunately, several factors such as 
advanced technologies and materials, 
and lessons learned from other renewable 
industries, offer encouraging predictions 
that the “catch-up” time for wave energy 
can be accelerated.

Since 1998, Oregon State University 
(OSU) in Corvallis, Oregon, has been 
developing a leading Wave Energy 
program to educate students who 
are motivated to responsibly develop 
renewable energy resources. In the 
university environment, where professors 
work with students on advanced degrees, 
innovative wave energy technologies 
are being explored. A strategic, 
multidisciplinary wave energy team 
at Oregon State University (OSU) is 
pursuing wave energy developments in 
five thrust areas: 1) researching novel 
direct-drive wave energy generators; 2) 
developing an action plan for a National 
Marine Renewable Energy Center 
(NMREC) in Oregon; 3) working closely 
with the Oregon Department of Energy 
(ODOE) and a variety of stakeholders 
to promote Oregon as the optimal 
location for the nation’s first commercial 
wave parks; 4) examining the human, 
biological and ecosystem effects of wave 
energy systems; and 5) outreach to and 
engagement with coastal communities. 

OSU’s direct-drive research focuses 
on a simplification of processes, i.e., 
replacing systems employing intermediate 
hydraulics or pneumatics with direct-
drive approaches to allow generators 
to respond directly to the movement 
of the ocean. The term “direct” drive 
describes the direct coupling of the buoy’s 

velocity and 

By Annette von Jouanne and Ted Brekken

OSU Wave Energy Research 
Team pictured with the Linear 
Test Bed inside the WESRF
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SeaBeavI ocean testing with 
OSU Pacific Storm

force to the generator without the use 
of hydraulic fluid or air. The direct-drive 
approach could either employ magnetic 
fields for contact-less mechanical energy 
transmission (flux-linkage), or use a form 
of mechanical linkage. To comprehensively 
research, test, evaluate and advance 
wave energy conversion devices, OSU 
has developed a linear test bed, 
controlled by actual wave data, designed 
to generate the relative linear motion 
created by ocean waves to optimize 
device technologies.

Oregon State University is a prime 
location to conduct ocean wave energy 
research, noting the following strategic 
facilities:

It is the home of the nation’s highest • 
power university-based energy 
systems laboratory, the Wallace 
Energy Systems & Renewables 
Facility (WESRF) with a 750kVA 
dedicated power supply and full 
capabilities to regenerate back onto 
the grid, including a novel wave 
energy linear test bed.

The university is also home to the • 
O. H. Hinsdale Wave Research 
Lab (WRL) with world-class wave 
tank facilities including a 342 ft. 
wave flume and with the College of 
Oceanic and Atmospheric Sciences, 
highly capable in ocean engineering 
and mooring systems.

OSU facilities additionally include • 
the Hatfield Marine Science Center 
(HMSC) with a 40-year history of 
marine research, education, and 
outreach from a 49 acre site on 
Yaquina Bay in Newport, Oregon, 
and the ability to rapidly access 
the coastal ocean for instrument 
deployment and retrieval.

The combination of key facilities and 
expertise at Oregon State University, 
ongoing successful wave energy 
research, collaboration and outreach, 
and a tremendous wave climate off the 
Oregon coast has led to the proposal 

for a National Marine Renewable 
Energy Center (NMREC) in Oregon. The 
university’s past efforts have included 
building strong support at the local, state 
and federal levels, in addition to building 
essential collaborations with industries, 
utilities, public organizations, and the 
ocean community. 

The OSU wave energy researchers, 
along with Oregon Sea Grant, realized 
the significant need for partnership and 
collaboration with ocean and commercial 
fishing industry experts/cooperators to 
aid in wave park siting and to provide 
ocean technical expertise. This team 
developed into the Fishermen Involved in 
Natural Energy (FINE). This collaboration 
established a preliminary wave energy 
test berth site off the coast of Newport, 
Oregon, and has addressed many topics 
such as determining the best testing site 
for all parties affected, duration of 
testing, navigation, mooring, state and 
federal permitting, communication with the 
fleet and community, etc.

Conclusion: Summary of OSU Research
In the summer and fall of 2007, OSU 
bay and ocean tested their fifth wave 
energy buoy prototype. Previous testing 
was conducted in Oregon State’s Energy 
Systems lab (WESRF), and the O.H. 
Hinsdale WRL.  Since this was OSU’s first 
ocean testing, that fifth prototype was 
named “SeaBeavI.”

This past year, OSU, 
in collaboration with 
Columbia Power 
Technologies (CPT) and 
the U.S. Navy, evaluated 
18 different direct-drive 
technologies, and down-
selected to the five most 
promising designs. OSU 
and CPT built each of those 
prototypes at the 200W 
peak level and tested them 
on the university’s new 
wave energy linear test 
bed. OSU and CPT also 
comprehensively simulated 

each of the designs, and scaled them up 
to 100kW, including full 100kW designs 
with costs, maintenance, operations etc., 
to give total costs of energy for each. This 
is enabling OSU and CPT to zero in on 
optimum designs, and based on this work, 
this summer (2008) OSU and CPT are 
planning the deployment of SeaBeavII in 
the September timeframe.

Authors’ Picks for further reading:
OSU WESRF Website:  
;www.eecs.orst.edu/wesrf

Ocean Wave Energy – Current Status and 
Future Perspectives, Green Energy and 
Technology, Springer, Joao Cruz (Editor), 
2008.

Ocean Waves and Oscillating Systems – 
Linear Interactions Including Wave-Energy 
Extraction, Johannes Falnes, Cambridge, 
2002.
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As this publication of Rural Connections 
indicates, energy policy has taken 

center stage in the United States. Senators 
McCain and Obama identify energy as a 
key campaign issue; news programs and 
even advertisements focus increasingly 
on development of renewable energy 
sources; and we all feel growing costs of 
current energy sources at the gas pumps 
and in our monthly bills. Indeed, in this 
historic period, it has become apparent 
that American voters and consumers view 
energy policy – our sources of energy, 
what types of energy we will use and 
innovate – as a key concern. 

For those of us in the West, however, 
the production and use of energy have 
long been real, concrete concerns. For 
decades, resource extraction for energy 
production has occurred in or near our 
communities, which often host mills and 
plants processing energy sources or 
serve as waste repositories for energy’s 
end products. In the West, energy 
development deeply affects our qualities 
of life. Our communities’ participation 
in energy production has also left 
decades-long legacies that still affect 
communities’ natural environments, as well 
as individuals and economies embedded 
within them. For decades, Western 
communities have weathered boom and 
bust cycles related to energy production. 

Is a Nuclear Power Renaissance in the 
Best Interest of the West?
Nuclear power in particular has 
had unique impacts in the West, 
leaving behind legacies in degraded 
environmental quality, human health, and 
even citizen quality of life. Thus, while 
some policy analysts view nuclear renewal 
as a promising and profitable answer 
to high energy costs and concerns over 
greenhouse gas emissions, Westerners 
must carefully weigh both positive and 
negative implications of nuclear power’s 
renewal. Uranium mining and milling, 
comprising the first stages in production 
of nuclear fuel, have touched many 
towns throughout the West.1 That stage 
of the nuclear fuel cycle, and its legacy 

in communities scattered 
throughout the West, 
illustrates some of the 
most pressing concerns 
we face when discussing 
nuclear renewal. In 
particular, we must ask: 
what have been the 
legacies of uranium 
in the West and have 
they been adequately 
addressed? How 
have isolated, rural 
communities dealt 
with this legacy? 
How can this help 
such communities 
decide what 
energy policies are 
best for their futures?

Anyone living in the West knows that 
the nuclear renaissance is not simply a 
potential occurrence but has already 
begun. While waste repositories and 
sites for future reactors are still sources 
of controversy, we already see a boom 
in uranium prospecting, mining, and 
milling. This raises concerns, with uranium 
exposure having created some of the most 
contentious and dangerous environmental 
and individual health legacies in the West. 
Nonetheless, many Western communities 
feel lured by the economic boom uranium 
offers, and rightfully so. Since 2005, 
over 18,000 new mining claims have 
been made in Colorado and Utah alone. 
Prices for ore and refined uranium have 
skyrocketed, increasing from below 
$10 per pound in 2002 to over $90 
per pound in 2007. While profitable, 
uranium extraction and processing remain 
potentially dangerous activities/industries, 
due to lacking regulation and enforcement 
of dust and radiation exposure levels. 
Uranium remains potentially dangerous 
especially for communities surrounding 
extraction and processing sites, as these 
towns are often the most vulnerable and 
least protected by government safety 
and exposure regulations. While nuclear 
renewal creates short-term economic 
incentives for Western communities, 

looking at uranium’s legacy offers a 
unique opportunity to learn lessons from 
the past and implement them in current 
policy.

The Legacy of the 
Previous Uranium 
Boom

Communities dealing 
with uranium’s legacy 
are scattered 
throughout the 
West’s Colorado 
Plateau, a 
geographical 

region rich in 
uranium and 
which spans 

Colorado, Utah, 
New Mexico, and 

Arizona. One such community 
is Monticello, Utah, a rural, isolated 
community of about 1900 people in 
Utah’s southeast corner. Monticello hosted 
a vanadium and uranium-processing mill 
between 1942 and 1960, a mill owned 
by the federal government. The facility 
left behind two million tons of tailings piles 
– materials from which were used to build 
much of the town’s infrastructure – and 
enough contamination to warrant a $250 
million Superfund clean up in the 1990s. 
While Monticello’s land has been cleaned, 
people still experience uranium’s legacy in 
their physical health and general quality 
of life. In a town of 1900 people, over 
550 cases of cancer and 100 cases of 
respiratory complications  (and growing) 
have been documented in the last decade. 

A local grassroots activist group – the 
Victims of Mill Tailings Exposure (VMTE) 
– leads the fight to get a local cancer 
screening and treatment facility as well as 
a federally-funded trust fund intended to 
pay for Monticellans’ medical treatments. 
Monticello residents and the VMTE in 
particular have made these requests from 
the federal government because they 
owned the mill that locals believe caused 
their cancers, respiratory problems, and 
other ailments. Says one VMTE member 
“What we’re all about is…to make 

By Stephanie Malin
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the federal government make right 
the wrong they did to the community.” 
Another contended that he is a part of 
the VMTE because “we’ve [the community] 
questioned the government many times 
and get the same response: there’s not 
a problem down there. Yet cancer is in 
every neighborhood, every other house 
basically.”  

Monticellans experience this legacy 
everyday, receiving little attention and, 
thus far, very little compensation from the 
federal government. Instead, the latter 
continues to assert the need for more 
research into Monticello’s cancer rates and 
their link to uranium exposure. In fact, the 
federal government and the VMTE have 
been struggling over this issue since 1993, 
leaving Monticellans feeling frustrated 
and forgotten.  

Even as nuclear renewal and another 
boom in the uranium industry takes place, 
communities such as Monticello – and 
many other communities throughout 
the West – struggle with similar 
environmental, health, and quality of 
life concerns. Concerns that are, as of 
yet, largely unanswered by the federal 
government.

What Can We Learn From Monticello?
What does such a story teach us? First, it 
illustrates the importance and intensity of 
uranium’s legacy in the West. Westerners 
in towns throughout the Navajo Nation, in 
Grand Junction, Colorado, and Hanford, 
Washington, to name only a few, deal 
with similar problems on a daily basis – 
with health complications, loss of trust in 
government, and an overall decline in 
community-wide quality of life. If as a 
nation we decide that nuclear renaissance 
is the future, this story reminds us that 
communities such as Monticello, which 
sacrificed for nuclear technology decades 
ago, must first be compensated for their 
sacrifices and suffering. Not only could 
this remedy harmful legacies, but also it 
will encourage greater care and safety 
regulations in the future. 

Second, this case teaches us that location 
matters where energy is concerned. 
Rural western communities are often 
isolated and get little national attention. 
Thus, these areas are easier to ignore 
than more visible communities in highly-
populated areas when they experience 
environmental and human health injustices 
such as those seen in Monticello. In their 
isolated locations, they often have little 
political power. Western communities now 
find themselves in a tricky position. On the 
one hand, they are at the epicenter of an 
economically tempting uranium boom. On 
the other, community leaders and citizens 
realize that their geographical isolation 
can lead to political powerlessness, 
wherein rural communities may be used 
for their natural resources and then 
abandoned when the boom busts. 

Conclusion
These observations leave us with serious 
questions about the viability of nuclear 
renaissance for rural communities in the 
West. While it could offer temporary 
economic prosperity, uranium’s legacy 
alone serves as a strong reminder that 
health concerns have gone unaddressed 
by government reparations or regulations. 
In other words, communities participating 
in uranium mining and milling today are 
no more protected from safety hazards 
than the Monticellos of the past. 

For this and other reasons, uranium may 
prove too risky. Western rural communities 
may decide that other sources of 
renewable energy discussed in this issue 
may provide long-lasting and sustainable 
economic prosperity. Residents in Western 
rural communities must ask whether true 
alternative energy sources such as solar, 
wind, and geothermal might be much 
less complicated and risky for their 
communities. At this crossroads of energy 
policy, Western rural communities have 
the right to decide whether a return to 
the past or a transition to the future offers 
the more sustainable option. Cooperative 
extension agents and universities could 
provide the vital resources – especially 
networks and various skill sets - to 

help communities weigh the positive 
and negative implications of uranium 
mining and milling. At this critical point 
in the development of energy policy, 
it is incumbent upon such specialists to 
help equip communities with knowledge 
needed to make the best decisions for 
their well-being – economically, socially, 
and in terms of health.

Author’s Picks for Further Reading
;http://www.wise-uranium.org/uwai.html 
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Endnotes
1Uranium is a commonly occurring, 
radioactive element that is used to 
produce nuclear fuel and other sources 
of energy. While found in trace amounts 
in much of the natural world, high doses 
of uranium can be harmful and uranium 
can decay into more highly radioactive 
substances, such as radium.
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For many utilities in the West, 
particularly public power entities, 

pulverized coal is still considered to be 
the primary low-cost resource option to 
meet load growth. In this article, Western 
Resource Advocates (WRA) will show how 
an alternative portfolio of demand-side 
management (DSM), renewable energy, 
and natural gas-fired resources, referred 
to as a Smart Power portfolio, can provide 
an equivalent level of dependable 
capacity and annual energy as a new 
pulverized coal plant.  

For purposes of this exercise, we assess 
whether a Smart Power portfolio can 
replace the capacity and energy from 
a planned super-critical pulverized coal 
plant of 800 MW for 2015. The coal 
facility has an expected forced outage 
rating of 5% (or 95% availability), and 
an overall capacity factor of 90%. The 
capacity and energy of the coal plant and 
the Smart Power portfolio are shown in 
Table1.

Energy Efficiency and Land 
Management
We start with energy efficiency and 
load management services. The lowest 
cost MWh in any portfolio is the MWh 
we don’t have to generate. DSM can 
provide significant energy and capacity 
benefits and remains largely untapped 
by the public power entities of the U.S. 
West. Figure 1 represents a supply curve 
of economic DSM potential in the Xcel 
Energy service territory in Colorado, as 
determined in a study by KEMA Consulting.  

The study showed that a large fraction 
(up to 20%) of future energy usage could 

be saved for a very low cost of roughly 
$0.04/kWh. In fact, 15% of system 
energy could be saved for less than 
$0.01/kWh. For purposes of assessing 
the Smart Power portfolio, we assumed a 
relatively conservative price of $0.03/
kWh, or $30/MWh.

Interestingly, Xcel determined the KEMA 
study too conservative and set savings 
goals far higher than the “economic 
potential” levels determined by KEMA. The 
array of potential measures targeted by 
Xcel is wide and includes lighting, HVAC 
retrofit and retrocommissioning, new and 
retrofit building envelope improvements, 
high efficiency appliances and other cost-
effective opportunities.  

To show the savings capability, we assumed 
a public power entity was capable of 

saving 1% of energy usage after 
a five-year ramp-up period. 
Capacity saved was based on 

DSM capacity factors 
achieved by utilities 

leading the DSM 
effort in the West.1

Wind Power
The next resource 

in our Smart 
Power 
portfolio is 

wind. The West is 
blessed with extensive wind resources.  
A recent independent taskforce report 
determined there are 96 GWs of wind 
capacity in Colorado alone. Most western 
states have good to superior wind 
resources. In our alternative portfolio, we 
assumed 900 MW of wind energy with 

a 35% capacity factor 
and a 12.5% capacity 
credit (i.e., only 12.5% of 
the wind capacity can be 
relied on during system 
peak periods). The cost 
of wind was based on 
the following assumptions: 
$1,645/kW installed cost 
and $11/MWh integration 
costs (representing the cost 

of incremental spinning reserve) for a total 
running cost of $87/MWh.2    

Solar Power 
Next in our Smart 
Power portfolio is 
concentrating solar 
power (CSP) with 
storage. We 
believe CSP 
with storage is 
coming of age quickly and that a plant 
planned in the near future could easily 
be commercially operational in time to 
meet the assumed 2015 load. Storage 
– primarily with molten salt – provides 
an excellent opportunity to maximize 
utilization of the steam generator and 
extend the production profile to match 
peak air conditioning load very well.  
Solar resources are extraordinary in 
the Southwest U.S. Over 3,000 MWs 
of CSP resources are currently in some 
form of advanced contract negotiation 
or development in the West, particularly 
in California. Xcel just announced plans 
to procure 200-600 MWs of CSP with 
storage in the 2013-2015 time frame. 
CSP prices range from $160/MWh 
to as low as $140/MWh with storage 
assuming $2,958/kW installed, $20/MWh 
operating cost and a 35% capacity factor.  
Our alternative portfolio incorporated 150 
MWs of CSP with storage.

Geothermal
The next resource in the Smart Power 
portfolio is geothermal. Again, various 
pockets of the U.S. west are blessed with 
commercially significant quantities of 
untapped geothermal energy, including 
regions of Nevada, Oregon, Idaho, Utah, 
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Arizona, California, and New Mexico.  
Although every site is unique, geothermal 
resources are well-proven after years of 
experience with them. We assumed our 
alternative portfolio included 150 MWs 
of geothermal with a running cost of $84/
MWh based on $3,640/kW installed, 
$23/MWh operating cost, and a 90% 
capacity factor. The Smart Power portfolio 
includes 150 MWs of geothermal 
capacity.

Gas-Fired Combined Cycle Plant 
The final item in our alternative portfolio 
is a gas-fired, combined cycle plant. 
We assumed 320 MWs of CC allocated 
to the portfolio with a 40% capacity 
factor. Total cost, before consideration 
of CO2 allowance costs, is $131/MWh 
based on an installed cost of $1,140/
kW, gas at $8.50 – escalating at 2.5%, a 
conservative heat rate of 7,350 Btu/kWh, 
fixed O&M of $7 MM/yr and variable 
O&M of $3/MWh.  

New Coal-Fired Energy
To project the cost of new coal-fired 
energy, we assumed an installed cost 
of $3,000/kW, fixed operating cost of 
$13.5 MM/yr, a 90% capacity factor, 
and coal at $1.20/MMBtu, escalating at 
2.5%. One important assumption in the 
coal forecast is the price of CO2 emission 
allowances. We applied the Xcel Energy 
forecast recently approved in their 2008 
IRP filing. The forecast starts at $20/ton in 
2010 and escalates at 7% per year. The 
forecast was based on various academic 
studies of the impact of the proposed 
Lieberman-Warner bill in Congress. That 
bill did not make it out to the floor for a 
full vote, but we believe it represents the 

most likely federal government response 
to the climate change issue.  

Conclusion
Considering all of the above, how does 
our alternative portfolio compare to the 
price of a new pulverized coal plant? 
As seen in Table 2, the price of our 
alternative portfolio is significantly below 
that of the total running cost of the new 
pulverized coal facility, saving $143 
million per year.  

We also tested the cost 
effectiveness of the Smart 
Power portfolio under 
alternative input 
assumptions 
including CO2 
allowance price 
curves. When the CO2 
allowance prices 
were escalated 
at 2.5%, not 
7%, the benefits of 
the alternative portfolio dropped to 
roughly $32 million – but were still in 
favor of the Smart Power portfolio. Of 
course, the devil is in the details, but we 
believe the results allow us to test the 
conventional wisdom that coal is always 
the cheapest option available. Western 
Resource Advocates look forward to 
working with any western utility that has 
questions about the Smart Power portfolio, 
or wants to assess alternative portfolio 
options to reduce the cost and risk to 
their constituents of the resource selection 
process.   

Author’s Picks for Further Reading 
Renewable Energy Atlas of the West: A 
Guide to the Region’s Resource Potential, 
Land and Water Fund of the Rockies, 
available at ;www.energyatlas.org

A Balanced Energy Plan for the 
Interior West, Western Resource 
Advocates, available at ;http://www.
westernresourceadvocates.org/energy/
clenergy.php

Investment Risk of New Coal-Fired Power 
Plants, Western Resource Advocates, 
;http://www.westernresourceadvocates.

org/energy/pdf/Investment%20
Risk.pdf 

“Update on Utility Energy Efficiency 
Programs in the Southwest,” Howard 
Geller and Jeff Schlegel, Southwest 

Energy Efficiency Project, published 
in the ACEEE 2008 Summer Study.

Endnotes
1Including Arizona Public Service, 
PacifiCorp, Nevada Power, Sierra Pacific 
Power, and Xcel Energy. See Update 
on Utility Energy Efficiency Programs in 
the Southwest, Howard Geller and Jeff 
Schlegel, Southwest Energy Efficiency 
Project.
2The cost of all resources (except DSM) 
was calculated at a 6.0% discount rate 
and a 30-year book life.
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