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Outline
• Energy Research in Kansas/KU
• Status of energy use and fuels
• Policy changes to support alternative forms of energy
• Changing views on fossil energy dependence
• Are high oil and gas prices good? 
• Biomass, ethanol, synfuels, land-fill gas,                 

carbon sequestration
• Fuels Cells
• Electric Vehicles
• Wind Power
• Conservative, efficient use of energy
• Conclusions



http://www.sciencemag.org/cgi/reprint/309/5734/548.pdf

Science v. 309, 22 July 2005, p. 548-549.

Terrawatts

http://www.sciencemag.org/cgi/reprint/309/5734/548.pdf




KU 2002 Federal Science and Engineering Expenditures
(select disciplines):

Sociology 15th
Political Science 23rd
Earth Sciences 30th
Life Sciences (combined) 29th
Life Sciences - Biological 
Science 30th

Life Sciences - Medical 
Sciences 32nd

Life Sciences - Other 8th



KU 
Fiscal Year 2004



•Development of a Predictive Geomechanical Model for 
Recovery of Coalbed Methane 

•Non-Invasive Collider Beam Monitoring 

•Novel Au Catalysts for the Preferential Oxidation of CO 

•Characterization of surface ionic activity of proton 
conducting membrane by conductive atomic force 
(CAFM) 

•Gas Content, Chemical Composition, and Isotopic 
Analyses of Eastern Kansas Coals and Organic – Rich 
Shales 

•Collaborative Research in Energy Policy: Grid Access 

•Next-Generation Building Energy Systems Design 
Software

KU Energy Research Center
Seed Fund Program  

30 seed projects similar to above have been funded since 1991 
$2.8 million awarded in external funds resulting from seed funds

http://www.kgs.ku.edu/ERC/ERCfund-fulldesc.html#99rock
http://www.kgs.ku.edu/ERC/ERCfund-fulldesc.html#99rock


Featured Energy Research at KU

• Fuel Cells – Trung Van Nguyen 
• Biofuels – Ethanol, syngas – Susan 

Williams
• Building Insulation – Mario Medina
• Carbon Sequestration  -- Tim Carr
• Energy Information Network – Scott White

Sponsored by the KU Energy Research Center
http://www.kgs.ku.edu/ERC



http://www.kgs.ku.edu/ERC/current.html

KU ENERGY RESEARCH CENTER’S
SPONSORED PROJECT ON BUILDING
INSULATION:

Little Houses on the Prairie
Phase-change materials help take the bite out of 
heating and cooling in test houses.
http://www.engr.ku.edu/publications/Oread_Engin
eer/2002/articles/tinyhouses.htm

KU professor studies unique substance that 
could help improve home efficiency
http://www.ku.edu/~kunews/2002/02N/SeptNews/
Sept17/pcm.html

New Invention 
“Phase Change Structural Insulated Panels and 

Walls.” Filed in July 2003 with U.S. Patent and 
Trademark Office. Status: Pending.
http://www.research.ku.edu/techtran/news/newsl
etter/news_v3_n03.pdf

2004 Technology Showcase Draws a Crowd
http://www.research.ku.edu/techtran/news/newsl
etter/kutt-0105.pdf

41% drop in heat loss

Building Insulation

http://www.research.ku.edu/techtran/news/newsletter/kutt-0105.pdf
http://www.research.ku.edu/techtran/news/newsletter/kutt-0105.pdf


http://www.kgs.ku.edu/ERC/capabilities.html



www.kansasenergy.org/kein.htm



Posted on Mon, Feb. 13, 2006
Biodiesel plant coming to northwest Missouri

Associated Press

Posted on Sun, Feb. 12, 2006
Using bugs to gin up ethanol

PAUL ELIAS

Associated Press
Proposed ethanol plant to fuel job growth

By LeROY WILSON
lwilson@gctelegram.com

Posted on Monday, February 13, 2006 2:05:04 PM

Wind energy back on county's agenda 

By KERRI SNELL, Sentinel Staff Writer
Wednesday, February 8, 2006 12:30 PM CST

http://www.kansasenergy.org/kein.htm

Kansas Energy Information Network



Kansas Net Energy Balance



http://www.kansasenergy.org/KEC/reports/KEC_EnergyReport2006.pdf



General Overview
Kansas Oil and Gas 

Population: 2,735,502 (2004) ranked 33rd 
Per Capita Income: $30,811 (2004) ranked 29th 
Total Energy Consumption: 1.0 quadrillion Btu (2001), ranked 32nd 
Per Capita Energy Consumption: 386 million Btu (2001), ranked 15th 
Total Petroleum Consumption: 8.2 million gallons per day (2002), ranked 31st 
Gasoline Consumption: 3.3 million gallons per day (2002), ranked 33rd 
Distillate Fuel Consumption: 1.9 million gallons per day (2002), ranked 33rd 
Liquefied Petroleum Gas Consumption: 1.2 million gallons per day (2002), ranked 13th 
Jet Fuel Consumption: 0.2 million gallons per day (2002), ranked 34th 
Petroleum Supply (Upstream)
Crude Oil Proved Reserves: 245 million barrels (2004), ranked 10th (11th including

Federal Offshore). Accounts for 1 percent of U.S. crude oil proved reserves. 
Crude Oil Production: 92,000 barrels per day (2004), ranked 8th (9th including Federal

Offshore). Accounts for 2 percent of U.S. crude oil production. 
Total Producing Oil Wells: 40,474 (2004) 

Refineries: Distillation capacity of 296,200 Barrels Per Calendar Day (BCD) (2005) 
Coffeyville Resources Refining & Mkg (Coffeyville @ 112,000 BCD) 
Frontier Refining & Marketing Inc. (El Dorado @ 103,000 BCD) 
NCRA (McPherson @ 81,200 BCD) 

Gasoline Stations: 2,500 outlets (2005), or about 1.5 percent of U.S. total.





http://hercules.kgs.ku.edu/kgs/oilgas/production/imageviewertest.cfm

Oil Production

Gas Production



Oil and Gas Production by Operator



http://hercules.kgs.ku.edu/kgs/oilgas/production/imageviewertest.cfm

Percent change in oil production between 
1990 and present



http://hercules.kgs.ku.edu/kgs/oilgas/production/imageviewertest.cfm

Percent change in gas production between 
1990 and present

Coal bed
Methane



Dependability of natural gas availabilty
and its price is a function of supply 

including storage.



http://quotes.ino.com/chart/?s=NYMEX_NG.H06



http://www.kgs.ku.edu/PRS/AAPG2005/2005-25/p1-01.html







New Drilling 
Technology



http://www.kansasenergy.org/KEC/documents/CoalProjects.pdf



Wyoming Coal Mines
Source of fuel for coal fired electricity

in Kansas and much of nation



Why $5 Gas Is Good for America

The skyrocketing cost of oil is sending pump prices soaring. But it's 
also subsidizing research into new technologies that can change the 

energy game.

By Spencer Reiss
December 2005 Issue of Wired Magazine

As Prices Rise:

• Technologies emerge

• New resources of energy become economic

• Environmental mitigation is more 

economically feasible

• Untapped, potential energy conservation

becomes economic & compelling



Ultradeep offshore Wells
Futuristic gear for tapping formerly inaccessible deposits

Gas to Liquid
Natural gas converted into diesel fuel

Tar sands
A sludgy mélange of petroleum and gravel

Digital oil fields
Networked drilling rigs and remote-controlled wells

Given Long-term price per barrel: $30-$70

Natural Gas
Conventional compressed methane - clean, efficient, and explosive

Coal to Liquid
An abundant energy resource transformed into diesel

Biodiesel
Vegetable oil pressed from soybeans and palm

Ethanol
Gasoline-compatible alcohol fermented from corn, sugar, and cellulose

Given Long-term price per barrel: $70 & up

Energy Sources Unleashed:
Methane hydrates

A crystalline amalgam of methane and frozen water
Hydrogen

The most common element in the universe, and a superclean energy source
Plug-in Hybrids

Grid electrons propelling cars for short trips
Oil shale

High-grade petroleum distilled from sedimentary rock

Energy 
Sources 
Unleashed

December 2005 Issue of Wired Magazine



December 2005 Issue of Wired Magazine



December 2005 Issue of Wired Magazine



December 2005 Issue of Wired Magazine



December 2005 Issue of Wired Magazine



December 2005 Issue of Wired Magazine



• Electric heating of oil shale to distill 
oil
• Cyrogenic cooling of surrounding 
area to contain oil that is released. 

December 2005 Issue of Wired Magazine



China's Next Cultural Revolution
The People's Republic is on the fast track to 
become the car capital of the world. And the 
first alt-fuel superpower.

By Lisa Margonelli (Wired Magazine)

Lisa Margonelli (margonelli@yahoo.com) is the author of Oil on 
the Brain: Travels in the World of Petroleum.

December 2005 Issue of Wired Magazine



Biomass organic matter derived from plant 
and animal matter

Waste Resources for 
Sustainable Energy 
Production

Environmental
/Air Quality
Enhancement

Environmentally 
Responsible Use of 
Natural ResourcesSource: Richard Nelson

K-State Engineering Extension

Switchgrass and big 
bluestem

Bioethanol, heat and 
electricity

Corn stover and wheat 
straw

Bioethanol

Oilseed crops - edible 
and inedible tallow and 
waste grasses

Biodiesel

Landfill gas Heat and electricity

Livestock manures Heat and electricity

Wood wastes Heat and electricity

All of the above can be used to produce alternative 
liquid fuels, electricity, heat, and/or hydrogen

Kansas and National Resources



Biodiesel Production
Transesterfication (the biodiesel refining process)

Vegetable Oil or
Animal Fat 
(100 lbs.)

+
Methanol or

Ethanol

(10 lbs.)

Biodiesel
(100 lbs.)

+
Glycerine
(10 lbs.)

In the presence of a catalystCombining Yields

Soy, Tallow, 
Waste Grease, 
Sunflower, 
Cottonseed, 
Canola

Critical Quality Parameters

Complete Reaction

Removal of Glycerin

Removal of Catalyst

Removal of Alcohol

Absence of free fatty acids
Source: Richard Nelson
K-State Engineering Extension



National Renewable Fuels Standard (RFS)
Provision in the Energy Policy Act of 2005

General Objective
Idea is to double the amount of 
renewable fuels (ethanol and 
biodiesel) by 2012 to 7.5 billion 
gallons from current levels of about 
3.25 billion gallons    

No set “split” between ethanol and 
biodiesel

Renewable Fuels Standard Projections

2006 4.6 billion gallons
2010 6.8 billion gallons
2012 7.5 billion gallons

Projected Increase in Petroleum 
Consumption for Transportation to 
2025

Source: Richard Nelson
K-State Engineering Extension



Possible Cellulosic Feedstock Sources

Agricultural residues
• Stover, straws, bagasse, 

alfalfa

Forestry waste
• Mill residue, bark, wood 

chips, thinnings 

Dedicated energy crops
• Switchgrass, willows, 

poplars, sorghum, 
eucalyptus

Municipal solid waste
• Yard wastes, paper, 

packaging, organic 
wastes

Corn Stover

Switchgrass

Wood Wastes

Difference 
between 
Quantity 
and Supply !

Source: Richard Nelson
K-State Engineering Extension



U.S. Biodiesel Production 
Expected to Triple in 2005
November 15, 2005
Reporting by Roddy Scheer

http://www.emagazine.com/view/?2958

State helps finance study on biodiesel plant
By Mark Fagan (Contact)
Thursday, July 7, 2005

http://www2.ljworld.com/news/2005/jul/07/state_helps_finance_st
udy_biodiesel_plant/?business

Goodland project to 
produce power, 
ethanol, biodiesel
The Associated Press
Thursday, July 7, 2005

Biodiesel bus test at KU goes ‘well’
By Terry Rombeck (Contact), Brooke Wehner (Contact)
Friday, June 3, 2005

http://www2.ljworld.com/staff/mark_fagan/
http://www2.ljworld.com/staff/mark_fagan/contact/
http://www2.ljworld.com/staff/terry_rombeck/
http://www2.ljworld.com/staff/terry_rombeck/contact/
http://www2.ljworld.com/staff/brooke_wehner/
http://www2.ljworld.com/staff/brooke_wehner/contact/


Estimated Cost Per MMBTU For Energy Crops

Cost 
Component:

Base 
Case

Improved 
Case

Establishment $0.37 $0.19

Harvesting $1.88 $1.16

Transportation $0.41 $0.41

Total $2.66 $1.76

65% cost for harvesting
Coal: $1.5 to 1.75 per MMBTU

http://www.treepower.org/economics/main.html

Base case: crop yields 32 green tons per acre
Improved case: 55 tons per acre

The total cost of growing, harvesting, transporting, and 
co-firing must be at a cost reflecting a slight premium 
above the cost of coal.



http://www.sciencemag.org/cgi/reprint/308/5727/1421.pdf
Science, vo. 308, p. 1421-22, 3 June 2005

http://www.sciencemag.org/cgi/reprint/308/5727/1421.pdf


http://www.sciencemag.org/cgi/reprint/308/5727/1421.pdf
Science, vo. 308, p. 1421-22, 3 June 2005

http://www.sciencemag.org/cgi/reprint/308/5727/1421.pdf


http://www.kansasenergy.org/KEC/documents/EthanolProjects.pdf
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energy
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http://www.kgs.ku.edu/PRS/publication/2003/ofr2003-57/P2-03.html

Low-BTU Gas in the Permian Chase Group in the 
Ryersee Field in Western Kansas: A Case History 

where Technology Creates a Marketable 
Commodity

K. David Newell, Kansas Geological Survey, University of Kansas,
Lawrence, Kansas

Scott Corsair, American Warrior, Inc., Garden City, Kansas
Steve Chafin and Kent Pennybaker, River City Engineering, Inc., Lawrence, 

Kansas

Pipeline
quality



http://www.kgs.ku.edu/PRS/publication/2003/ofr2003-57/P2-03.html

Separation of Methane and
Helium from Raw, low-BTU gas











Enhance
Coal-bed 
Methane
Recovery



http://www.sciencemag.org/cgi/
reprint/298/5595/981.pdf

http://www.sciencemag.org/cgi/


Global Temperature Trends: 2005 Summation

http://data.giss.nasa.gov/gistemp/

January 2006
was not warm everywhere
in the northern hemisphere 













Hybrids: now; on the horizon -- plug-in when batteries evolve

Fuel-Cells: probably commercial in 2015 to 2020
Electric: Lithium-ion batteries and beyond 

will make electric cars practical
Clean diesel: now, but not readily available

low sulfur/particulates
Flex-fuel: E85/85% ethanol -- now.



Ethanol
• E85 (85% ethanol) gasoline replacement

– Fewer total toxics
– Reduced ozone-forming volatile organics 

(15%)
– Reduced carbon monoxide (40%)
– Reduced nitrogen oxide (10%)
– Reduced sulfate (80%)
– Lower reactivity of hydrocarbon emissions
– Higher ethanol and acetaldehyde emissions

Fermenting plant sugars from anything containing sugar, starch, or cellulose
More than 90% of ethanol comes from corn
FFV’s – flexible fuel vehicles



Fischer-Tropsch Liquids

• Convert coal, natural gas, and low-value refinery 
products to high-value, clean-burning fuel 
(syngas).

• Colorless, odorless, low toxicity.
• Interchangeable with conventional diesel fuel or 

blended with diesel at any ratio
• NO2 reduction, low particulates, reduced 

hydrocarbon and CO emissions
• 10% more cost than diesel
• Low availability



Liquified Natural Gas

• Almost 100% methane
• Half particulates of diesel
• Reduced CO, N2, and volatile HC
• Drastic reductions in toxic and 

carcinogenic pollutants
• Only fleet vehicle outdoors
• Expensive to equip vehicle



Fuel Cells

“With a new national commitment, our scientists and 
engineers will overcome obstacles to taking these 
cars from laboratory to showroom, so that the first car 
driven by a child born today could be powered by 
hydrogen, and pollution-free.“ 

2003 State of the Union Address



Fuel Cells

In the near term, pilot hydrogen fueling 
facilities are being developed that are based 
on liquid hydrogen, natural gas (steam 
methane reforming), and electricity 
(electrolysis). As an alternative, some 
manufacturers are considering using fuel 
reformers to allow fuel cell vehicles to use 
conventional fuels or chemical hydrogen 
storage.



Fuel Cells
Fuel cells 
operating on 
pure hydrogen 
achieve zero 
emissions. Fuel 
cells can achieve 
40 to 70 percent 
efficiency, which 
is substantially 
greater than the 
30 percent 
efficiency of the 
most efficient 
internal 
combustion 
engines. 

All fuel cells contain two electrodes - one 
positively and one negatively charged - with a 
substance that conducts electricity (electrolyte) 
sandwiched between them.

http://www.epa.gov/fuelcell/basicinfo.htm



Fuel Cell Types
Proton Exchange Membrane (PEM -- sometimes also called "polymer 
electrolyte membrane") - Considered the leading fuel cell type for 
passenger car application; operates at relatively low temperatures and 
has a high power density. 
Phosphoric Acid - The most commercially developed fuel cell; 
generates electricity at more than 40 percent efficiency. 
Molten Carbonate - Promises high fuel-to-electricity efficiencies and 
the ability to utilize coal-based fuels. 
Solid Oxide - Can reach 60 percent power-generating efficiencies and 
be employed for large, high powered applications such as industrial 
generating stations. 
Alkaline - Used extensively by the space program; can achieve 70 
percent power-generating efficiencies, but is considered too costly for 
transportation applications. 
Direct Methanol - Expected efficiencies of 40 percent with low 
operating temperatures; able to use hydrogen from methanol without a 
reformer. (A reformer is a device that produces hydrogen from another 
fuel like natural gas, methanol, or gasoline for use in a fuel cell.) 
Regenerative - Currently being researched by NASA; closed loop form 
of power generation that uses solar energy to separate water into 
hydrogen and oxygen. 



Fuel Cell Research

Deadline Extended for Hydrogen Production Cost Request
January 26, 2006
Through a Federal Register Notice (PDF 93 KB) released January 12, 
2006, the Department of Energy (DOE) requested information to 
support an independent progress assessment by the DOE Hydrogen 
Program in meeting research and development cost goals for 
hydrogen production using distributed natural gas reforming 
technology. Download Adobe Reader.

To be economically competitive with the present fossil fuel economy, 
the cost of fuel cells must be lowered by a factor of ten or more and the 
cost of producing hydrogen must be lowered by a factor of four. In 
addition, the performance and reliability of hydrogen and fuel cell 
technologies must be improved dramatically. 

http://www.hydrogen.energy.gov/research.html (Feb. 2006)

http://www.hydrogen.energy.gov/pdfs/frn_12jan06.pdf
http://www.adobe.com/products/acrobat/readstep2.html
http://www.hydrogen.energy.gov/research.html


Fuel Cell Research
Roadmap on Manufacturing R&D
DOE maps the path to a hydrogen-powered future in its Roadmap on 
Manufacturing R&D for the Hydrogen Economy (PDF 2.04 MB). 
Download Adobe Reader. 

Released in January 2006, the draft Roadmap is designed to guide 
research and development in hydrogen manufacturing processes. It's 
open for public comment for 45 days. 
Based on the results of the Manufacturing R&D for the Hydrogen 
Economy Workshop in July 2005, the 80-page document consolidates 
recommendations from hydrogen power experts in the Federal 
government, universities, national laboratories, and industry. 

Led by DOE, the workshop was supported by the National Institute of 
Standards and Technology and coordinated with the Manufacturing R&D 
Interagency Working Group of the National Science and Technology 
Council. 

http://www.hydrogen.energy.gov/pdfs/roadmap_manufacturing_hydrogen_economy.pdf
http://www.adobe.com/products/acrobat/readstep2.html
http://www.hydrogen.energy.gov/manufacturing_form.html
http://www.eere.energy.gov/hydrogenandfuelcells/wkshp_h2_manufacturing.html
http://www.eere.energy.gov/hydrogenandfuelcells/wkshp_h2_manufacturing.html
http://www.eere.energy.gov/hydrogenandfuelcells/wkshp_h2_manufacturing.html
http://www.ostp.gov/mfgiwg/
http://www.ostp.gov/mfgiwg/


Fuel Cell Research
Fuel Cell Research and Development
This solicitation closes April 5, 2006. More information and application 
instructions for industry, academia, and other interested parties are available 
via funding opportunity number DE-PS36-06GO96017 on DOE's E-Center. 
Information for national laboratories is available via funding opportunity 
number DE-PS36-06GO96018.
Codes & Standards for the Hydrogen Economy
High Temperature, Low Relative Humidity Polymer-Type Membranes
High Temperature Solid Oxide Technologies Research

http://www.hydrogen.energy.gov/financial_opportunities.html

Japanese Putting All Their 
Energy Into Saving Fuel
By Anthony Faiola
Washington Post Foreign Service
Thursday, February 16, 2006; A01

https://e-center.doe.gov/iips/faopor.nsf/UNID/F09751961314EDD585257107006FC1E7?OpenDocument
http://e-center.doe.gov/iips/faopor.nsf/5d310d2fced6c9ed85256d090050e43a/7d5b8d39814a778785257107006ea022?OpenDocument
https://e-center.doe.gov/iips/faopor.nsf/8373d2fc6d83b66685256452007963f5/286d2200bb174c36852570d00056e820?OpenDocument
https://e-center.doe.gov/iips/faopor.nsf/8373d2fc6d83b66685256452007963f5/a1b4738b38518cad852570140071fd3e?OpenDocument
http://e-center.doe.gov/iips/faopor.nsf/8df825feb86675de852564650046faea/0355fe4924dc443685257012005d29e4?OpenDocument


Electric 
Vehicles

EV Battery Types

• Lead-Acid— Provides a low-cost, low-range (less than 100 miles) option with a 
3-year life cycle.
• Nickel-Metal Hydride — Offers a greater driving range and life cycle, but is 
currently more expensive than lead-acid batteries.
• Nickel-Cadmium — Offers a range of 100 miles, a long life, and faster 
recharges than lead-acid batteries, but is more expensive and has lower peak 
power and recharging efficiency.
• Lithium-Ion — Offers the potential for a long driving range and life cycle, but is 
currently very costly.
• Zinc-Air — Currently under development. Provides superior performance 
compared to current battery technology.
• Flywheels — Currently under development. Could be capable of storing a larger 
amount of energy in smaller, lighter weight systems than chemical batteries.



http://www.kansasenergy.org/KEC/reports/KEC_EnergyReport2006.pdf

Wind Power



http://www.kansasenergy.org/KEC/documents/wind_siting_handbook.pdf



http://www.kansasenergy.org/KEC/reports/KEC_EnergyReport2006.pdf



Rest of 
WorldNorth 
Amer.Europe

Rest of World
North America
Europe

Actual Projected





http://www.kansasenergy.org/KEC/WindProjects.pdf



Class 5
Class 4

Class 3
Class 2

Class 5 wind power ~ less expensive that gas-fired electrical generation 
Class 4 wind power ~ less expensive than new coal-fired electrical generation



http://www.coriolis-ae.com/kswindmap/default.asp



Heart of the 
Flint Hills tall grass 
prairie

Choices to be made about land use for alternative energy



http://www.kansasenergy.org/KEC/
FHmaps/FHPrairie_small.pdf

Elk County, Kansas

http://www.kansasenergy.org/KEC/


1990's map from Pacific Northwest Lab. report for NREL

http://www.kansasenergy.org/wind_resources.htm

http://www.kansasenergy.org/terms.htm#nrel


Wind energy information 
resources abound



Kansas presently ranks third in the United States in 
total wind energy potential behind North Dakota and 
Texas. In fact, the top three states have enough wind 
energy potential to supply the total electrical needs of 
all lower 48 states. 

Anerometer
-Data collection
-research Wind turbine





Wind Turbine Rotor Diameter and 
Rated Capacity



http://www.eere.energy.gov/windandhydro/windpoweringamerica/pdfs/small_wind/small_wind_ks.pdf



http://www.eere.energy.gov/windandhydro/windpoweringamerica/pdfs/small_wind/small_wind_ks.pdf



http://www.eere.energy.gov/windandhydro/windpoweringamerica/pdfs/small_wind/small_wind_ks.pdf



http://www.sciencemag.org/cgi/reprint/309/5734/548.pdf
Science v. 309, 22 July 2005, p. 548-549. 

• Humans now consume 13 terawatts
(TW) of power

• 85% from fossil fuels
• By 2050, human may consume 30 TW
• 10 TW of energy ~ 10,000 nuclear

plants (Japan, Europe, China, Russia,
South Korea and U.S. building 
experimental fusion reactor in France)

• Wind at all windy locations ~ 72 TW
(Stanford research with 80 meter towers
using global wind potential)

• Peak oil production ~ now reached
• Natural gas supply ~ 200 years
• Coal supply ~ 2000 years

http://www.sciencemag.org/cgi/reprint/309/5734/548.pdf
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Capturing 
Solar Power
in Space

http://www.sciencemag.org/
cgi/reprint/298/5595/981.pdf

http://www.sciencemag.org/


http://www.sciencemag.org/cgi/reprint/309/5734/548.pdf

Science v. 309, 22 July 2005, p. 548-549.

Terrawatts

http://www.sciencemag.org/cgi/reprint/309/5734/548.pdf


http://www.sciencemag.org/cgi/reprint/309/5734/548.pdf

Science v. 309, 22 July 2005, p. 548-549.

Future for Solar depends on price and 
mass production

Solar: photovoltaic panels: currently produce 3 
gigawatts of electricity, 40% growth, $7.5 billion 
industry

20 TW from solar use 0.16% of land surface

Solar panels on every one of 70 homes in U.S. = 0.25 
TW (only 1/10 of electricity consumed in U.S.)

Solar Farms and massive storage systems or 
production facilities for derived energy fules such as 
generation of hydrogen fuel from water.

Cost is biggest hurdle. Solar energy needs to be 50x 
less expensive than current. Research needed to 
develop basic enabling breakthrough technologies.

• Nanotechnology: more efficient, cheaper 
solar cells

• Plastic cells: cheap polymers

• Solar concentrators to focus light, strip 
hydrogen gas from fossil fuels and sequester 
CO2, split water to hydrogen 

Cost to generate electricity:
• Solar: $0.25 to $0.50 per kwh
• Wind: $0.05 to $0.07/kwh
• Natural gas: $0.025 to $0.05/kwh
• Coal: $0.01 to $0.04/kwh

Sun: 57,000 TW every moment (on hour 
basis, more energy than humans use in 
year)

http://www.sciencemag.org/cgi/reprint/309/5734/548.pdf


February 6, 2006 Press Release

Department of Energy Requests $23.6 Billion for FY 2007 
Increased Funding to Advance National Security, Reduce Dependence on 
Oil, and Boost Economic Competitiveness

Advanced Energy Initiative

The Advanced Energy Initiative aims to reduce America’s dependence on imported energy 
sources. The FY 2007 DOE budget requests $2.1 billion to meet these goals, an increase of $381 
million over FY 2006. Funding will help develop clean, affordable sources of energy that will help 
reduce the use of fossil fuels and lead to changes in the way we power our homes, businesses 
and cars.

The FY 2007 budget request emphasizes investment in alternative fuel technologies. Numerous 
DOE offices will benefit from the Advanced Energy Initiative. The Office of Science ($539 million) 
budget incorporates funding for nuclear fusion, including the ITER project, an experimental reactor 
that puts the U.S. on the pathway to furthering the potential of nuclear fusion as source of 
environmentally safe energy; solar, biomass and hydrogen research programs.

The Office of Energy Efficiency and Renewable Energy ($771 million) budget includes 
considerable funding increases for hydrogen technology, fuel cell technology, vehicle technology, 
biomass, solar, and wind research programs. The Office of Fossil Energy ($444 million) supports 
the Coal Research Initiative and other power generation/stationary fuel cell research 
programs. The Office of Nuclear Energy, Science and Technology ($392 million) includes $250 
million for the Global Nuclear Energy Partnership (GNEP); and also supports Generation IV, 
Nuclear Power 2010, and the Nuclear Hydrogen Initiative.

http://www.energy.gov/news/3150.htm



Office of Energy Efficiency and Renewable Energy 
($1.2 billion)

Office of Energy Efficiency and Renewable Energy budget requests
$1.2 billion, $2.6 million (0.2%) more than the FY 2006 
appropriations. Much of this funding is an integral part of the 
Advanced Energy Initiative and expands key programs that focus on 
developing new energy choices, including: 

• Hydrogen Fuel Technology ($114 million); 

• Fuel Cell Technology ($82 million); 

• Biomass ($150 million), including research into cellulosic ethanol,      
made from switch grass, wood chips and stalks; 

• Solar America Initiative ($148 million); 

• Vehicle technology ($166 million); 

• Wind projects ($44 million).



http://www.efficiencyvermont.org/Docs/Appliance%20Uasage%20Broc05.pdf

…cutting-edge 
communication and 
information technology 
to give customers real-
time information about 
energy use. In 
advanced phases they 
could be used to 
remotely control air-
conditioning settings or 
activate "smart" 
appliances.



http://www.efficiencyvermont.org/Docs/
Appliance%20Uasage%20Broc05.pdf

http://www.efficiencyvermont.org/Docs/


Nuclear Energy



http://www.reviewjournal.com/news/
yuccamtn/yuccamap.jpghttp://www.nrc.gov/reading-rm/doc-collections/event-status/reactor-status/2006/20060216ps.html#r2

http://www.mindfully.org/Nucs/Maps/ks.htm

Number of nuclear 
units: 1 
Wolf Creek, Burlington, 
Kan. 
Nuclear energy supplies 
20.4 percent of the 
electricity generated in 
Kansas. 

http://www.reviewjournal.com/news/
http://www.nrc.gov/reading-rm/doc-collections/event-status/reactor-status/2006/20060216ps.html


http://www.reviewjournal.com/lvrj_home/2002/Jul-10-Wed-2002/photos/waste.jpg



http://www.reviewjournal.com/lvrj_home/2002/Jul-10-Wed-2002/photos/waste.jpg



During 2000, Kansas' nuclear power plants avoided 
approximately 49,000 tons of sulfur dioxide emissions, 
20,000 tons of nitrogen oxide emissions, and 2.09 
million metric tons of carbon emissions. 

Since 1985, consumers of electricity from Wolf Creek 
have committed $176 million into the federal Nuclear 
Waste Fund to finance nuclear waste management. 
Used fuel at Wolf Creek is being temporarily stored in 
water-filled vaults. 

http://www.nei.org/documents/maps/statebystate/kansas.html

Environmental Aspects of
Nuclear Power in Kansas



Conclusions
• Energy Research in Kansas & KU is addressing alternative energy options
• Energy use and fuel sources being evaluated with high prices
• Policy changes being developed at state and national levels to support 

alternative forms of energy
• Changing views on fossil energy dependence based on higher prices, 

unstable political situations in areas of current supply, and climate change, 
remaining resources

• Are high oil and gas prices good? – provide incentives to develop 
alternative energy

• Biomass, ethanol, biodiesel, synfuels, land fill gas, carbon sequestration are 
viable options in Kansas today

• Fuels Cells are wave of future in transportation and residential energy
• Electric Vehicles are hintered by energy storage
• Wind Power is economic
• Nuclear is viable option under right conditions for transportation and storage 

of waste. Fusion power is on the horizon. 
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