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Abstract 
 The United States currently uses coal-burning plants as its primary electricity 

production means.  Coal-burning accounts for over 65% of the electricity production in 

the US; with nuclear power at approximately 20%; and hydroelectric, wind-generated, 

solar, and other smaller sources as the remaining 15%.  While coal burning is relatively 

efficient compared to other forms of energy production, it is also one of the most 

damaging to the environment.  With increases in nuclear technology and demand for eco-

friendly energy production, replacing coal plants with nuclear plants appears to be a 

viable option.  If transitioning to a 100% nuclear solution, all the coal plants nationwide 

would need to be replaced with 250 nuclear reactors.  While one of the nation’s 

overwhelming environmental goals should be to completely stop expanding the coal-

based energy production infrastructure, this paper investigates the feasibility of using 

nuclear power production instead of coal power production in Texas.   

 Specifically, this paper presents the environmental and economical effects that 

coal-burned energy production has on Texas and the surrounding states. In doing so, this 

paper describes the advantages and disadvantages of the alternatives to a coal-based 

energy infrastructure– namely nuclear, hydroelectric, wind-generated, and solar-power.  

This paper also presents the current research in nuclear technologies and what they add to 

the feasibility of the transition.  With the current research presented, the next logical step 

is to discuss the problems that still arise.  The three major problem areas in implementing 

nuclear based power plants that this paper focuses on are energy transmission networks, 

fissionable fuel availability, and nuclear waste management.  Following the discussion of 

these issues, this paper presents many potential solutions.  In the end, this paper will 

present a detail recommendation on how Texas should arrange their energy production 

infrastructure.   
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 Work for this paper started in the fall of 2006 just shortly after several utilities 

companies announced construction plans for 18 new coal power plants in Texas.  The 

largest push for expansion was from the Dallas based energy company, TXU Corp.  As 

early as April 2006, TXU had announced plans for 11 of these 18 plants.  Beyond all the 

plans calling for the use of outdated “dirty” coal technologies, Texas Governor Rick 

Perry was personally attempting to fast track the process.  To an environmentally 

conscious young adult—an adult who will have to live with the pollutants of these 

plants—TXU’s proposal was particularly frightening.  This paper was started as an effort 

to investigate the alternatives to coal-based energy production and make 

recommendations to meet Texas’ growing energy demand.  Since work began in August 

2006, plans for all but one of the non-TXU plants were scrapped.  Moreover, in late 

February 2007, TXU officially abandoned plans for 8 of their original 11 plants.  While 

this is a step in the right direction, it is not enough.  The amount of damaging pollutants 

that existing coal-plants spew out each year is still too much.  While the findings of this 

paper no longer apply to the TXU/Texas situation, they are still universally applicable.  

The same framework of analysis presented is this paper will work equally well to address 

the 150 new coal plants that are still being planned in the United States.  Moreover, the 

problem goes beyond just the US border; “dirty” energy production is a worldwide 

problem.  Nuclear power is a viable alternative.    

 Conservation must be the primary focus of our immediate energy plans.  As the 

production of energy from non-fossil fuels and renewable resources continues to develop, 

this energy continually needs to replace existing “dirty” production methods until “clean” 

methods are the norm.  We cannot wait for a “quick-fix” solution to develop in the future; 

we must start the gradual transition now.  Moreover, we cannot assume that the 

technologies of the next few decades will permanently solve all of our energy problems.  

In-depth scientific, technological, and industrial research must continue to search for 

novel and innovative ways to provide clean and cheap energy. 
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1.  The Growing Energy Problem 
“We find ourselves, one way or another, in the midst of a large-scale 

experiment to change the chemical construction of the stratosphere, even 

though we have no clear idea of what the biological or meteorological 

consequences may be.” 

           ~F. Sherwood Rowland, 1986 

    (Quoted in Limits to Growth: The 30-Year Update, 2004)        

 

Global Warming: The Changing Climate 
 The sun’s energy is the primary driving force of the earth’s weather and climate.  

The earth absorbs solar radiation that passes through the atmosphere and uses the 

radiation to heat the surface.  Not all of the incident solar radiation is absorbed; some of it 

is reflected back towards space.  While traveling back to space, molecules in the 

atmosphere (water vapor, carbon dioxide, and other gases) trap some of this energy.  This 

energy is then reflected back towards the earth’s surface to heat it further.  As such, these 

atmospheric gases (greenhouse gases) act in a similar manner to the glass-panes of a 

greenhouse.  This natural “greenhouse” effect is vital to the life on earth—without it, 

temperatures would be much too low to sustain life.  Nevertheless, the amount of 

greenhouse gases in the atmosphere for optimal climate conditions is a delicate balance.  

Too few of these gases and the earth will be too cold; too many and the earth will be too 

warm.  Many natural processes create greenhouse gases, including respiration and the 

decomposition of organic matter.  Likewise, terrestrial and oceanic vegetation absorb 

some of these gases.  For thousands of years, the earth has kept these gases in good 

balance. 

 In the last decade, the balance of many of the greenhouse gases, namely carbon 

dioxide, methane, nitrous oxide, and chlorofluorocarbons, has been significantly 

disturbed.  These increases are not a result of natural processes; rather, they are the 

product of human activity.  The most recent increases in greenhouse gas concentrations 

started around the 1750 with the beginning of the Industrial Revolution.  Figures 1.1, 1.2, 

and 1.3 show the concentrations of carbon dioxide, methane, and nitrous oxide 



respectively.1  These figures also show the radiative forcing (the difference between 

incoming solar radiation and outgoing radiation) contributions of each gas.  Higher 

values for radiative forcing generally result in higher surface temperatures.          

    
Figure 1.1.  Carbon Dioxide Concentrations      Figure 1.2. Methane Concentrations 

.  

Figure 1.3. Nitrous Oxide Concentrations 

 As these figures show, the greenhouse gas concentrations have increased 

drastically since the early 1800s.  In the past decade, carbon dioxide concentrations have 

increased over 30%, methane concentrations by 50%, and nitrous oxide by 15%.2  It 

should be noted that the different gases affect the amount of solar radiation that is 

reflected to the earth differently; global warming potential (GWP) is the measure of this 

effect.  Carbon dioxide has a GWP of one, methane’s is 23, and nitrous oxide’s is 296.3  
                                                 
1“Our Changing Atmosphere,” Environmental Protection Agency [online database] available from 
<http://yosemite.epa.gov/oar/globalwarming.nsf/content/Climate.html>. 
2 Ibid. 

3 

3 Intergovernmental Panel on Climate Change, Climate Change 2001: The Scientific Basis, (Cambridge, 
UK: Cambridge University Press, 2001). 



This means that one molecule of methane is 23 times more effective in reflecting 

radiation back to the earth than carbon.  For the most part, these increases are the result of 

the burning of fossil fuels: coal, oil, and natural gas.  The burning of these fuels accounts 

for almost 80% of the global carbon dioxide emissions, 25% of methane emissions, and 

20% of nitrous oxide emissions.4  The reduction of the earth’s photosynthetic capacity by 

deforestation, the rise in industrial production, and mining are also responsible for 

increased emissions.  These emissions tip the delicate balance of greenhouse gas 

molecules and other chemicals towards having an excess of the gases.  With the altered 

chemical composition of the atmosphere, the atmosphere retains more solar radiation, 

causing temperatures to rise.  The clear connection between atmospheric carbon dioxide 

and global temperatures changes can be seen in Figure 1.4.5   

 
Figure 1.4 Atmospheric Carbon Dioxide and Temperature Changes 

 Between 1890 and 1996, the mean surface temperature of the earth has risen 

approximately one degree Fahrenheit (0.6-1.2oF).6  Moreover, in the 20th century, of the 

10 years with the highest average temperatures, all of them had been within the last 15 

                                                 
4 “Climate Change and Texas,” Environmental Protection Agency, September 1997, 1.  
5 Mitchell Hobish, “Evidence for Global Warming,” NASA Remote Sensing Tutorial, [online course] 
available from <http://rst.gsfc.nasa.gov/Sect16/Sect16_2.html>. 
6 Ibid. 

4 



years of the century.7  Temperature increases are not the only side effects of global 

warming.  Decreases in Northern Hemisphere snow cover and Artic Sea ice, as well as 

melting of Alpine glaciers, have also occurred at an alarming rate in the past decade.8  In 

the past century, ice-melt has caused global sea levels to rise 4-10 inches.  With the 

higher temperatures also comes more evaporation, resulting in increased, and often more 

extreme, precipitation over landmasses.9

 If the global warming trend continues, the current temperature, sea level, and 

precipitation changes will seem moot compared to the changes in the future.  According 

to an Environmental Protection Agency (EPA) study, by 2100, the average increases in 

global temperatures could vary from 1.6-6.3oF.  This range is dependent on region—the 

EPA study predicts the United States will be in the upper portion of this range.  Sea levels 

are also expected to rise by 6-38 inches (0.15-0.97meters) by 2100.10  This is a modest 

estimated compared to Intergovernmental Panel on Climate change study that predicts 

sea levels could rise in excess of 13 feet (4 meters).11  Even with a one-meter rise in sea 

level, the flooding of costal areas would be devastating.  Figures 1.5 and 1.6 show the 

areas in the Northeast United States that a sea level rise of one meter and four meters will 

flood.12        

     
Figure 1.5. Sea Level Rise at One Meter  Figure 1.6 Sea Level Rise at Four Meters 

                                                 
7“Our Changing Atmosphere.” 
8 Climate Change and Texas, 2.  
9 Ibid.  
10 Ibid.  
11 “Climate Change 2007: The Physical Science Basis,” Intergovernmental Panel on Climate Change, Feb. 
2007, 8.  
12“Climate Change and Sea Level,” Department of Geosciences Environmental Studies Laboratory, 
available from <http://www.geo.arizona.edu/dgesl/research/other/climate_change_and_sea_level/ 
sea_level_rise/northeast/slr_usane_i.htm>. 

5 
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 These sea level rises will not be the least of the climate problems.  With 

greenhouse gas emissions steadily growing, the prevalence of warmer days, more 

frequent hot days, and more frequent heat-spells will certainly intensify.  Likewise, the 

trend of more intense tropical cyclonic activity (hurricanes) and severe inland storms will 

continue.13 Since there is mounting certainty that these trends are caused by human 

activity—namely the burning of fossil fuels—these trends can be avoided.  However, this 

requires a restriction of energy produced from fossil fuel sources.        

     TXU and Their Dirty Little Idea 

 From an environmental perspective, restrictions on fossil fuel-use make sense; 

however, applying such restrictions can be difficult when these fossil fuels provide a 

cheap solution to a growing energy problem.  Texas currently faces such a problem.  In 

the past, Texans have relied on natural gas and coal as their primary means of electricity 

generation (natural gas making up 46% of the total electricity generation mix and coal 

making up 41%).14  The Texas utilities have remained successful at keeping up with 

energy demand while keeping energy costs low.  In a 2003 Energy Information Agency 

report, Texas ranked 45th out of the states with the highest energy prices.  Economically, 

Texans have benefited from these relatively cheap sources of power; however, this 

economic benefit has come with health related costs.   

 The particulate pollution from coal-based power plants has caused significant 

health problems.  Several years of in-depth medical research—from both medical experts 

and coal-industry experts—has developed a solid conclusion regarding coal-fired plants: 

they are deadly.  The primary pollutants that cause adverse health effects are particulate 

matter, sulfur dioxide, nitrogen oxide, and mercury—all of which are naturally occurring 

in coal.  We shall briefly investigate the health effects of these pollutants.15   

 

1. Particulate matter- When particulate matter is inhaled, it crosses into the 

bloodstream where it can cause cardiac related problems.  Some of the more 

serious problems include heart attacks and strokes.  There are approximately 

                                                 
13 “Climate Change 2007,” 7.  
14 “Texas, Nuclear Waste Profile,” Office of Civilian Radioactive Waste Management, 2007. 
15 Conrad G. Schneider, “Dirty Air, Dirty Power,” Clean Air Task Force, June 2004. 8. 
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1,800 power pollutant-related heart attacks per year in Texas.  Particulate 

matter can also cause birth defects in developing fetuses.   

2. Sulfur dioxide- The major side effects of sulfur dioxide inhalation are 

coughing, wheezing, shortness of breath, and nasal congestion.  Sulfur dioxide 

can also intensify asthma problems.  In Texas, an estimated 34,000 pollution-

related asthma attacks occur annually, with over 1,800 requiring emergency 

room visits.         

3. Nitrogen oxide- Nitrogen oxide is particularly harmful to developing children.  

It is known to decrease lung functions and can cause severe respiratory 

diseases such as chronic bronchitis.  Almost 1,000 new cases of chronic 

bronchitis have been linked to nitrogen oxide in Texas.      

4. Mercury- Mercury is especially devastating to child development.  Pregnant 

women who eat fish contaminated with mercury run the risk of having 

children with learning deficiencies.  While environmentalists are also quick to 

blame mercury emissions for autism, the autism experts are not ready to make 

such an attribution.  With the wide spectrum of syndromes associated with 

autism, a lack of understanding for the disorder makes contributing the causes 

to any source difficult.  As of 2006, Texas was the number one polluter of 

coal-related mercury (10,000lbs mercury/year).     

 While the past utilization of natural gas and coal has been economically 

justifiable, the population expansion of Texas—and the resulting increases in electricity 

demand—caused utilities to seek new ways to produce inexpensive electricity.  With its 

vast indigenous supply of fuel, the production of electricity in coal plants is much 

cheaper than the equivalent production in natural gas and oil-fired plants.  As such, the 

obvious solution to meeting growing electricity demand was an expansion of coal-based 

electricity production.  The largest push for expansion was from the Dallas based energy 

company, TXU Corp.  In April 2006, TXU announced plans for 11 new coal-fired power 

plants.  As a firm supporter of the coal-industry, Texas Governor Rick Perry was 

personally attempting to fast track the process.16  Eleven new coal-fired plants, each at 

                                                 
16 Jeff Goodell, “Big Coal’s Dirty Move,” Rolling Stone, January 25, 2007, 37. 
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approximately 1,700 megawatts, would almost double Texas’ coal-based electricity 

production.      

 As well as adding electricity to the grid, these plants would also add pollutants to 

the atmosphere.  TXU power plants currently emit over 55 million tons of carbon dioxide 

annually.  This makes them the tenth largest contributor of carbon dioxide emissions in 

the country.  With 11 new power plants, these emissions would grow to over 133 million 

tons (141%).  This would make them the third largest contributor of carbon dioxide in the 

U.S.17  Furthermore, the 78 million tons of carbon dioxide that these plants will discharge 

annually is more than the emissions from an estimated 14 million cars.18  On all levels, 

TXU’s coal-based energy proposal is reckless and shows no regard for the environment 

or the welfare of the Texas people.  

 

                                                 
17 “TXU’s 78 Million New Tons of Global Warming Pollution” Environmental Defense [online database] 
available from <http://www.environmentaldefense.org/documents/5427_TXU_FactSheet_BigDeal.pdf>. 
18 Ibid.  
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2. The Alternatives 

 While coal-burned boilers present major environmental and health-related 

problems, Texas cannot ignore its growing energy demand.  However, these demands 

alone do not justify the uncontrolled expansion of coal-based energy production, 

especially with the out-dated coal-burning boilers that TXU proposes to use.  Rather, in 

addition to serious energy conservation efforts, Texas should abandon the status quo of 

“cheaper-is-better.”  Energy production using non-fossil fuels must be considered.  Here 

we specifically examine four of these alternatives: hydroelectric power, solar power, 

wind-generated power, and nuclear power.  To determine the feasibility of each of these 

options, we will investigate several factors.  These factors include cost of 

implementation, the geographic footprint needed for implementation, the potential health 

and environmental effects on the surroundings, and the resources available for each 

option.   

     Hydroelectric Power  

 The first alternative to coal-burned energy production to consider is hydroelectric 

power.  Hydroelectric power is most commonly produced from dammed water turning 

water turbines.  In this way, the potential energy of the water is converted to mechanical 

energy as it drives the turbines.  When converting the potential energy to mechanical 

energy, the amount of energy converted is a function of the water volume and height 

difference between the water inlet and outlet.  Like all power production techniques, 

hydroelectric power has a myriad of strengths and weaknesses, some of which will be 

discussed here. 

 The first factor we will consider in investigating the feasibility of hydroelectric 

power is the cost of implementation.  Hydroelectric power plants, unlike power derived 

from fossil fuels such as coal and oil, are relatively inexpensive to operate.  Hydroelectric 

power is also an attractive alternative because it is renewable, and is immune to the types 

of fuel price fluctuations that oil, natural gas, and coal experience.  Additionally, 

hydroelectric plants typically have longer operating lives, and require fewer personnel for 

operation.19  These factors all keep the operational costs low; however, the initial cost of 

the plants can often be extremely high.  The Three Gorges Dam in China is a great 
                                                 
19 Energy Efficiency and Renewable Energy, “Hydropower Research and Development” US Dept. Energy 
[online database] available from <http://www1.eere.energy.gov/windandhydro/hydro_rd.html>. 
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example of the initial cost of implementation.  With a reservoir over 660 km long, 

containing 16 million cubic meters of concrete, submerging over 623 square km of land, 

and holding back 39 million cubic meters of water, the Three Gorges Dam is the largest 

construction project in China’s history.20  With a power capacity of over 18,000 

megawatts (the equivalent of approximately 20 coal power plants), the initial cost of the 

dam, based on 1980s prices, was estimated to be US$25 billion ($1.40 per watt).  While 

economic information about the project is not readily forthcoming from the Chinese 

government, it is estimated that the dam project has now cost over US$100 billion ($5.50 

per watt), and the project will not be fully complete until 2009.21  Even the smaller dams 

around the world have large upfront costs–most of which come from complex and costly 

environmental planning and design and geological construction.  The upfront production 

cost for hydroelectric power in the United States averages around $1.50-1.70 per watt.       

 Another major drawback of hydroelectric power is the geographical footprint 

needed.  To develop the volume of water needed for efficient energy production, large 

reservoirs are needed at the dam’s inlet.  These reservoirs make up the majority of the 

hydroelectric power-plant footprint.  Extensive flooding is usually necessary, and often 

results in cultural losses.  The Three Gorges Dam and the future Ilisu Dam in Turkey are 

both examples of the cultural cost of hydroelectric power.  The Three Gorges Dam has 

essentially displaced over one million people and over 1,200 towns have disappeared 

under the reservoir’s water.  The water will also cover over 1,300 archeological sites and 

will bury the last remnants of the ancient Ba civilization.22  Like the Three Gorges Dam, 

the future Ilisu Dam will also displace a tremendous number of people.  While not nearly 

on the same scale, the Ilisu Dam will displace approximately 36,000 people and will 

flood approximately 100 towns and hamlets.  One of these cities, the ancient city of 

Hasankeyf, has over 2,000 years of history and is a cultural treasure to the Kurdish 

people who reside in the region.23   

                                                 
20“Three Gorges Dam Wall completed,” BBC News Online May 2006, [online publication] available from 
<http://news.bbc.co.uk/2/hi/asia-pacific/5000092.stm>. 
21 Ibid. 
22 “Three Gorges Dam Social Impact,” BBC News Online May 2006, [online publication] available from 
<http://news.bbc.co.uk/2/hi/asia-pacific/5000198.stm>. 
23 “Turkey: Ilisu Hydroelectric Project” PBS Wide Angle [online database] available from 
<http://www.pbs.org/wnet/wideangle/shows/dammed/handbook2.html>. 
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 The cultural effects are not the only consequences of dam implementation.  The 

dams used for hydroelectric energy production can also interrupt ship navigation of the 

waterways.  In order to keep these waterways open to moderate ship traffic, dam planners 

must utilize complex and expensive lock systems.  Nevertheless, the effects of the dams 

are not all bad. The reservoirs that are created can be used for many recreational activities 

such as swimming, skiing, fishing, and boating. Local farmers can also use the water for 

irrigation to increase the fertility of their surrounding farmlands.         

 Hydroelectric power is not without its environmental drawbacks.  One of the most 

obvious environmental consequences of using hydroelectric power is the effects it has on 

the fish populations.  Like ship navigation, in some coastal areas, the dams needed for 

power production have also disrupted the spawning paths of salmon.  As a result, many 

salmon do not make it upstream to breed; of the ones that do, their smelt often die in the 

plant turbines as they travel back out to sea.  As the potential energy of the water is 

converted to electrical energy, the temperature of the water cools.  For small 

hydroelectric plants, the change in temperature is minimal and has little effect of the 

surrounding environment.  However, for lager plants, this change can make survival 

difficult for some animal and plant species.24  

 The hydroelectric plants also have the deteriorating effect of cleaning sediment 

out of the water.  The lack of sediment can result in the scouring of the riverbeds and 

riverbanks that are downstream of the plant.  Additionally, while hydroelectric power 

does not produce greenhouse gas emissions through the burning of carbon based fuels, 

these plants are not free from emissions.  Namely, the flooding of vegetated areas to 

create reservoirs can result in a substantial release of methane to the environment. 

Methane gas is the byproduct when the flooded plant material decays anaerobically.  

Then, when the water flows through the dam and over the turbine, the methane is 

released into the atmosphere.  In areas in which no forest clearing has occurred before 

flooding and the generating capacity of the plant is low compared to the size of the 

reservoir, this is particularly a problem.  Specifically, in tropical regions, where the 

generating capacity is less than 100 watts per square meter, the tons of greenhouse gas 

                                                 
24 Committee on Energy and Natural Resources: United States Senate, “Licensing of Hydroelectric 
Facilities” U.S. Government Printing Office: Washington: 2006.  
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emissions can be higher than that of conventional oil-fired power production facilities.25  

However, in boreal regions, these emissions are much lower–only about 2-8% of typical 

carbon based emissions.  Nevertheless, since methane’s effects on global warming are 

approximately 21 times stronger than that of carbon dioxide, these emissions must not be 

ignored.                  

 The obvious resource-limiting factor for hydroelectric power is water flow.  

Because hydroelectric power relies on converting the potential or kinetic energy of 

flowing water to mechanical energy, the flow of the water must be such that it can 

generate a significant amount of power.  Tidal power is the most common way of 

converting the kinetic energy of water to mechanical energy; however, it is only effective 

in coastal regions.  As such, the potential locations for this type of plant are extremely 

limited.26   

 Since, the amount of potential energy converted to mechanical energy is a factor 

of the height the dam, the location of the dam must allow for a height gradient sufficient 

for substantial energy production. Moreover, the geology of a site is an important factor 

for planners to consider in order to avoid disasters like the incident at the Italian Vajont 

Dam in 1963.  Heavy rains caused a massive landslide that displaced over 13 billion 

gallons of water over the top of the dam—the effects of which caused over 1,900 

deaths.27 On the other hand, droughts can also severely limit hydroelectric energy 

production.  This is not a significant problem for some regions.  However, in Texas, a 

relatively flat and dry state, the conditions to use hydroelectric power do not readily exist.  

In terms of hydroelectric potential, Texas is ranked 43rd out of the 50 states.28  As such, 

hydroelectric power is not a feasible alternative to replace Texas’s coal-burned power 

plants—even with tidal hydroelectric power.    

    

 

 

                                                 
25 Duncan Graham-Rowe, “Hydroelectric Power’s Dirty Little Seret Revealed,” NewScientist.com [online 
database] available from <http://www.newscientist.com/article.ns?id=dn7046>. 
26 Emily Rudkin, “Marine Current Energy,” World Energy Council [online database] available from 
<http://www.worldenergy.org/wec-geis/publications/reports/ser/marine/marine.asp>. 
27 Hendron, A.J. The Vaiont Slide. US Corps of Engineers Technical Report,1985,GL-85-8. 
28  “Texas Water Energy Resources,” Texas State Energy Conservation Office [online database] available 
from <http://www.infinitepower.org/reswater.htm>. 
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  Solar Power 

 A second alternative to consider is solar-based energy production.  There are 

many different kinds of solar-based energy production methods that are categorized as 

passive and active.  Passive energy systems are designed to directly use the sun’s light for 

heating purposes.  These include skylights and light tubes that use direct sunlight to light 

and heat rooms.  People often use passive systems to lower the heating and cooling costs 

of their homes, but they are rarely used for mass energy production.  Rather, active 

systems are the primary solar-based systems used for energy production. Active systems 

use additional mechanical components to convert sunlight into either electricity or heat.   

 The conversion of light to heat—thermal solar energy production—has many 

applications in heating water for cooking or even turning turbines like in coal-based 

boilers.  In order for solar boilers to heat the water to the necessary temperature, these 

devices need large solar collectors that focus the light onto a smaller surface area.29  This 

produces the energy per area necessary required for heating.  The major problem with 

solar-boilers is that they are highly sensitive to fluctuations in solar radiation. 

 The electricity derived from the sun—photovoltaic—is what people commonly 

think of when referring to solar-power.  In photovoltaic cells, the photons from the sun 

strike the surface of the cells and cause the ejection of electrons.  In semi-conducting 

materials like silicon, these free electrons produce a current as they move through the 

material.  This process is known as the photovoltaic effect, an effect very similar to the 

photoelectric effect.  With several common electrical devices, the electrical current that 

results from the photovoltaic effect is directed to batteries or to electrical grids.  As 

photovoltaics are the most widely used and practical form of solar-based energy 

production, in the remainder of this section, when referring to solar power production, we 

are referring to photovoltaic energy production.   

 The first factor to consider with solar power is the implementation cost.  Like 

hydroelectric power, solar power is renewable and is immune to fuel price fluctuations.  

Additionally, like hydroelectric plants, solar power plants have longer operating lives, 

and because they require minimal maintenance, fewer personnel are required for 

operation.  Start-up capital is the bulk of the cost.  In the 20th century, the high 
                                                 
29 “Solar Energy,” Regional-Renewables.org [online database] available from <http://www.regional-
renewables.org/cms/front_content.php?idcatart=50>. 



production cost of photovoltaic cells limited the public use of solar power to small 

devices such as handheld calculators.  The primary private use of the cells includes 

satellite applications and applications in remote areas.  The production costs were just too 

high for widespread use.  Nevertheless, in the last decade, new technological 

developments have caused the price of producing the original satellite cells from $200 

per watt of generating power to approximately $2.70 per watt.30  However, the latest 

worldwide focus on “green-energy” has increased the demand for solar panels while a 

shortage in silicon–their base material–has driven prices up.  In the last two years, the 

price of these cells has increased over two-fold.31      

 Like hydroelectric power plants, solar-power plants can also have a large 

geographic footprint.  Currently, the largest photovoltaic power plant requires 1,408 

large-scale  photovoltaic solar modules, each 50 square meters in area, to produce only 12 

megawatts.32  This plant requires 190 acres of land.  Figure 2.2 shows an aerial 

photograph of the plant.   

 
Figure 2.1 Solar Power Plant, Gut Erlasee Germany 

 The next largest plant requires 52,000 smaller solar modules, on a 150 acre site, to 

produce 11 megawatts. 33  We should note that solar panels do not completely cover 

these sites; rather, the panels are elevated to allow for modest farming and animal 

grazing.  Nevertheless, this technology seems to be feasible on a large scale only in 

remote locales.  Some of California’s wineries have had very good success with solar 

                                                 
30 “Green Dreams,” The Economist, Nov 18th 2006. 13. 
31“Dionysys, meet Helios,” The Economist, Nov 18th 2006. 72. 
32 “Die Photovoltaik-Anlage bei Arnstein” Heise Zeitschriften Verlag 2007, [online database] available 
from <http://www.heise.de/tr/artikel/bilderstrecke/49/4>. 
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power production.  Because the wineries require the majority of their electricity in the 

autumn, following harvest, they can sell their electricity to the grid during the summer 

when electricity demand is the highest.  Then in the autumn, they can buy it back when 

demand is not as high.34 However, in some urban areas, the solar panel arrays are more of 

an eyesore and many communities do not support their implementation.      

 Unlike coal-based power production, and even hydroelectric power production, 

solar power production is without damaging health effects.  The only major 

environmental effects are light deprivation to some areas.  Because solar panels are 

designed to collect as much light as possible, they can cast large shadows on areas.  In 

these areas, the panels rob plants of the light necessary for photosynthesis.  However, the 

effects of this are minimal and the devastating environmental effects of global warming 

far outweigh the effects of light deprivation.    

 The last factor to consider with solar power is the amount of resources available.  

With solar power, it is more of a quantity versus quality analysis.  Quantity is essentially 

not an issue; the amount of potential solar energy that is incident the earth every minute, 

is greater than the amount of energy produced from fossil fuels in a year.  Figure 2.2 

shows the solar irradiance for the world averaged over three years (1991-1993).  The 

spots marked with the disks, indicate ideal locations for solar power production facilities.   

 
Figure 2.2. Density of Solar Irradiance 

 However, the figure also shows the major issue with quantity: its dispersion.  

Some areas of the earth just naturally receive more sunlight than others.  Pollution has the 

effect of decreasing the amount of sunlight, and as a result, locations near industrial 

centers make poor choices for solar power plants.  Likewise, locations near the earth’s 

                                                 
34 Dionysus. 
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poles are poor choices because their do not receive a steady supply of sunlight for energy 

production.  Global dimming—a decrease in the amount of solar irradiance that strikes 

the earth’s surface (caused by industrial pollutants in the air)—has also decreased the 

amount of potential solar power by about 4% in the last three decades.  However, 

recently this trend has started to decline, and global dimming only has a minor effect on 

the amount of solar irradiation available.35 Solar radiation is also not available for the 

entirety of the day.  Unlike wind, which is more prolific at night, solar power plants 

cannot use solar radiation at night to produce electricity.  To keep a constant supply of 

energy, these plants need to either rely on other sources at night, or store extra electricity 

during the day.  With increasing battery technologies, storage is becoming less of an issue 

and constant solar energy supplies are more feasible.      

 Solar power’s problems are not with quantity of sunlight, but rather with quality 

of sunlight. As compared to fossil fuel plants, which have a thermal efficiency of 

approximately 28%, solar panels only have an efficiency of 7-17%.  The efficiency of 

these panels can also degrade with time (approximately 1% each year), and eventually 

they will need replacement.36  Additionally, for the electricity to be used on conventional 

power grids, it must first be converted from DC to AC.   This occurs at about a 4-12% 

loss in energy.37  

 Solar power is a very clean source of energy and should be a component of every 

state’s energy plans.  However, as the population of Texas is rapidly expanding and the 

demand for energy is increasing, solar power technologies, as they currently stand, will 

not be able to meet Texas’ energy needs.  The fiscal cost of solar cells, as well as the cost 

of the land necessary to produce the required electricity, is too great.  A 200-megawatt 

solar plant in Texas would require more than 2-square miles of land use.38  Even Texas 

does not have enough land to spare to replace the electricity produced from coal.     

      
                                                 
35 “What is Global Dimming ?” Climate Change and Global Warming [on-line database], available from 
<http://www.globalissues.org/EnvIssues/GlobalWarming/globaldimming.asp>.  
36 Energy Efficiency and Renewable Energy, “Solar FAQs—Photovoltaics—The Basics” US Dept. Energy 
[online database] available from<http://www.eere.energy.gov/solar/cfm/faqs/third_level.cfm/name= 
Photovoltaics/cat=The%20Basics#Q4>. 
37 “Changing System Parameters,” National Renewable Energy Laboratory [on-line database] available 
from <http://rredc.nrel.gov/solar/codes_algs/PVWATTS/system.html>. 
38 “Texas Solar Energy” State Energy Conservation Office [online database] available from 
<http://www.seco.cpa.state.tx.us/re_solar.htm>. 
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Wind Power 

 The term “windmill” has a subtle connotation of antiquity; “wind turbine” sounds 

new, exciting, and promising—and rightly so.  While no counties use wind to produce 

more than 10% of their total electricity (except Denmark: 20%), the world is seeing a 

growing trend in the use of wind for electricity production.39 With on-shore and offshore 

wind turbines springing up all over the country, from 2005-2006, the capacity to generate 

wind power has increased almost 26%.  In fact, wind is the second leading source of new 

power generation in the country.40  One-hundred percent “clean,” wind power is 

completely renewable and releases no harmful pollutants into the environment.      

 Like hydroelectric power and solar power described above, the majority of the 

costs associated with wind power are initial construction costs.  Like the other forms of 

energy production, wind power facilities require very few technicians.  The majority of 

operating costs reside in maintenance and upgrades.  Based on 2006 estimates, the 

average upfront production costs for wind power is $1.63 per watt—as compared to 

$1.50-1.70 for hydroelectric and $2.70 for solar.  The sad reality, however, is that this 

cost is on the rise.  In 2002-2003, the cost only averaged $1.20 per watt.41  Currently, 

turbine production facilities cannot keep up with the demand for new wind power plants.  

In the next few years, the increase in production costs should plateau with the 

construction of new turbine manufacturing plants in Iowa, Minnesota, and Pennsylvania.        

 The major drawback of wind power is its scalability.  For mass energy 

production, wind farms must occupy an extremely large area of land.  In a 2004 

evaluation of global wind power, two Stanford environmental engineers determined that 

to supply the worldwide energy demand, wind farms using current technologies would 

need to cover 13% of the world’s land.42  This presents a particular problem because 

growing populations will require more land for housing and food production in order to 

survive.  To insure that the turbines are not overcrowded, thus decreasing their efficiency, 

wind farm planners must space the turbines about ten times their diameter apart.  With 

current turbine technologies, this means that the production of 1,000 megawatts requires 
                                                 
39 “Share of Electricity Consumption” Danish Wind Industry Association [online database] available from 
<http://www.windpower.org/en/stats/shareofconsumption.htm>. 
40 Ibid. 
41 Christine Real de Azua, “Wind Power Capacity Increase,” Wind Energy Works for America [online 
database] available from <http://www.awea.org/newsroom/releases/Wind_Power_Capacity_012307.html>. 
42 Cristina Archer, “Evaluation of Global Wind Power” Stanford University, 2006.   
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100 square kilometers.43 Most current and future projects are on the scale of 100-200 

megawatts.44  However, not all of this land-use is strictly for turbines.  The spacing 

allows farmers still to use the land under the turbines for farming and livestock grazing.         

 An additional problem with the footprint of wind farms is the noise and light 

pollution they can cause.  The primary complaint from people living near existing 

turbines is their noise.  The noise is generally described as a constant “wine” mixed with 

a steady beating “thump.”  New turbine designs have tried to address this issue, resulting 

in much quieter operations.  In the past, residents close to wind farms have also 

complained of “shadow flickers.”  At certain times of the day, the blades cast high-speed 

moving shadows on homes—a bothersome nuisance to homeowners.  While there is no 

technical solution to this problem, wind farm planners considers this as they plan their 

farms.  Additionally, residents have complained about the blinking aircraft warning lights 

on the tops of towers.  Beyond being irritating, these lights, blinking out of 

synchronization, have caused headaches and, in one reported case, pose the danger of 

triggering a medical condition called photic epilepsy.45 These complaints have caused the 

Federal Aviation Administration (FAA) to lower the 1:1 ratio of lights to turbines in 

certain areas.46  While all these side effects of wind power are bothersome, they are all 

negligible compared to the devastating effects of global warming.     

 Wind power, like solar power, essentially has no harmful effects on human health.  

Wind farms do not produce the emissions that fossil fuel plants do.  Additionally, the 

environmental effects of wind farms are extremely limited.  In fact, the only significant 

environmental effects are those imposed on birds.  In the United States, winds farms 

alone account for over 70,000 bird fatalities per year.  However, these deaths are minimal 

compared to the 57 million bird deaths from collisions with cars and the approximate 97 

million killed by collisions with plate glass windows.47  Recent studies suggest that 

                                                 
43“ BWEA Briefing Sheet: Wind Turbine Technology,” The British Wind Energy Association, [online 
publication] available from <http://www.bwea.com/pdf/briefings/technology05_small.pdf>. 
44 “Texas Wind Energy Development” Wind Project Database [online database] available from 
<http://www.awea.org/projects/texas.html>. 
45 Rod Thompson, “Wind Turbine Lights Have Opponents Seeing Sparks” Star Bulletin, vol. 11 issue 140 
May 2006. 
46 Ibid.  
47 Biorn Lomborg, “The Skeptical Environmentalist: Measuring the Real State of the World,” Cambridge 
University Press 2001.  



19 

migratory birds are adjusting their migration routes in order to avoid the farms.48  It is the 

birds of prey, rather than the migratory birds, that make up the majority of the fatalities.  

While the number of bird deaths a year does not seem readily dire, the fact that these 

turbines are killing some endangered species should raise concern.  In Norway, a single 

wind farm destroyed an entire colony of white-tailed eagles.  Of the ten eagles in the 

colony, including seven adults and three fledglings, the turbines killed all but one.  This is 

especially bad, since this colony, at the time, was the largest in the world.49  Additionally, 

there has not been much information gathered on the turbine related deaths of bats, but a 

2004 study indicated that 63 turbines in the eastern United States killed over 2200 bats in 

the six-week duration of the study.50 Nevertheless, what must not be forgotten are the 

devastating effects that not curbing global warming will have on all of these species.        

 While wind power is a completely renewable source of electricity, the wind 

necessary to produce the electricity is not always readily available.  Based on many 

environmental/time factors, the amount of wind available for power generation is 

variable.  Wind can shift from hour to hour, as well as from day to day, and season to 

season.  This variability makes constant electricity production difficult.  There is also 

variability based on in location.  Offshore facilities have the least variability, but still 

have enough to make incorporation of their electricity into a grid difficult.51  According 

to the Wind Energy Resource Atlas of the United States, the highest wind classification 

for any area in Texas is class 4, with this area making up less than 10% of the total area 

of Texas.52  There are six different classifications levels for wind in the U.S.; 1 refers to 

areas with weak infrequent winds and 6 areas with very frequent high powered winds.  

The Alternative Energy Institute (AEI) of West Texas A&M University utilized 

additional ground exposure data to reclassify all of Texas.  With the new classification, 

less than 1% of the state has class 5 or 6 winds, 10% has class 4 winds, and the majority 

                                                 
48 “Wind Turbines a Breeze For Migrating Birds,” NewScientist.com [online database] available from 
<http://www.newscientist.com/channel/life/mg18625045.500>. 
49 “Wind farms,” Royal Society for the Protection of Birds [online database] available from 
<http://www.rspb.org.uk/policy/windfarms/eaglestrike.asp>. 
50 Edward Arnett, “Relationship Between Bats and Wind Turbines in Pennsylvania and West Virginia,” 
Bats and Wind Energy Cooperative, June 2005. 
51 “Wind Energy Resource Atlas of the United States,” renewable Resource Data Center [on-line 
database] available from <http://rredc.nrel.gov/wind/pubs/atlas/>. 
52 Ibid.  



of the state has class 2 or lower winds.53  Even the Texas State Energy Conservation 

Office explains that commercial viability of wind power is marginal, at best, with class 3 

or lower winds (Table 2.1).54  In 2006, with over two thirds of the total U.S. expenditures 

on wind power, Texas has made significant efforts to utilize wind power.  However, even 

with this expansion, they only contributed 774 new megawatts of electricity generation.55  

In the end, we must concede that while the use of wind power in Texas is expanding, it 

alone is not enough to keep up with Texas’ growing need for energy.        

 
Figure 2.3. Wind Classification for the United States 
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Table 2.1. Wind Characteristics by Wind Class 
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54 Ibid.  
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     Nuclear Power 

 For the four major alternatives to coal-based electricity production, nuclear power 

is the only one that is not a renewable resource.  Nuclear power utilizes the energy 

produced from the splitting of atoms (fission) to heat water.  The most common fuel for 

nuclear reactors is uranium, while plutonium can also be used in some reactors.  In 

heating the water, nuclear reactors produce high-temperature steam that turns industrial 

turbines for electricity generation.  The only major difference that nuclear power plants 

have from fossil fuel plants is the way they generate steam.  Fossil fuel based plants burn 

these fuels to release the chemical potential energy stored within the fuel.  Nuclear power 

plants make use of the atomic potential energy in the fuel.  On the molecular level, atoms 

have substantially more atomic potential energy than they do chemical potential.  This 

allows nuclear power to produce much more energy per mass of fuel used.  A uranium 

fuel pellet (approximately 3/8” in diameter and 5/8” long) can produce the electricity 

equivalent of 149 gallons of oil, 1,780 lbs of coal, and 17,000 cubic feet of natural gas.56

     Because nuclear power plants rely on nuclear chain reactions to sustain energy 

production, these reactors are extremely complicated.  In the nuclear chain reaction, the 

neutrons are used to fission a fuel atom.  For each atom that fissions, two neutrons are 

produced, in addition to the energy necessary to heat the water.  These two neutrons in 

turn can cause more atoms to fission—establishing a chain reaction.  The reaction is 

optimized when, on average, one of the two neutrons causes an atom to fission.  When 

the ratio of fissions at one second to the fissions at the next second is one, the reactor is 

stable and termed “critical.”  If not enough of the neutrons cause additional fissions, the 

chain reaction will eventually slow and the reactor will stop producing energy—sub-

critical.  However, if too many of neutrons cause fissioning, the reactor will spiral out of 

control—super-critical.  Either situation, sub-critical or super critical, is bad news for the 

reactor.  Because of the importance of keeping the reactor critical, as well as the 

difficulty is doing so, nuclear engineers must design the reactors with extreme precision.  

Meticulousness must also be taken when designing and constructing the control systems 

for the reactors.  It is the complexity in the building effort that makes the capital costs of 

nuclear power more than any of the other electricity sources discussed thus far.  
                                                 
56 Kathy McMullin, interviewed by Author, Indian Point Nuclear Power Plant, New York, November 
2006. 



However, because the fuel costs for nuclear reactors are so much less than those of fossil 

fuels, nuclear power plants are still able to provide electricity at a comparable price to 

fossil fuel based power plants.  In 1997—the last year that the Department of Energy 

calculated coal plant production expenses separately from other fossil fuel expenses—the 

average total production expense for nuclear power was $24.79/kilowatt-hour, as 

compared to $17.99/kilowatt-hour for coal.57  In 2004, nuclear power had less production 

expenses than fossil fuel plant expenses by approximately $5/kilowatt-hour.58                        

  
Figure 2.4.  U.S. Nuclear Reactor and Fossil Fuel Plant Production Expenses 

  

 Nuclear power is also more beneficial than coal (and other fossil fuel plants) 

because nuclear plants can produce the same amount of electricity per area as fossil fuel 

plants, but nuclear reactors do not produce any harmful emissions.  Because nuclear 

plants and fossil fuel plants utilize steam in the same exact way, the turbine and control 

facilities for the plants are only slightly different.  In addition to the transportation 

networks necessary to load the produced electricity onto a grid, both types still require a 

heat sink to cool the steam.  More workers are needed in a nuclear reactor to operate and 

manage all the safety and control equipment; however, this personnel requirement is 

much lower than the workers necessary to continually supply coal-boilers with the 

necessary fuel.  Nuclear power also has a smaller mining footprint.  Moreover, uranium is 

                                                 
57 United States Nuclear Regulatory Commission, “Information Digest 2006-2007” available from 
<http://www.nrc.gov/reading-rm/doc-collections/nuregs/staff/sr1350/v18/sr1350v18.pdf>. 33. 
58 Ibid.  
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rarely strip-mined unlike coal.59   We shall focus on the uranium fuel cycle, in addition to 

the availability and price of nuclear fuel, in a later section.    

 While nuclear power is the leading choice as an alternative for coal-burned plants, 

it has some major hurdles to overcome that other energy-production means do not have to 

deal with.  Specifically, public perception of nuclear technology is one of the most 

limiting factors in nuclear development.  As it was first introduced to the public as a 

means of mass destruction in World War II, nuclear power has often been cast as more 

dangerous than advantageous.  Even for some who recognize the benefits of nuclear 

power of coal power, they have a “not in my backyard” (NIMBY) attitude.  Moreover, 

the incidents at Chernobyl and Three Mile Island have only contributed to this notion of 

the nuclear-menace and fuel the NIMBY arguments.  Even the Sustainable Energy and 

Economic Development Coalition (SEED)—one the biggest critic of coal-based energy 

expansion in Texas—purports that nuclear power is even more devastating.60  For nuclear 

power to be a viable option, it must first overcome the public perception of it being 

unsafe.     

 In addition to the public perception hurdle, as the nuclear industry stands today, it 

is the most regulated energy-production industry in the United States–a limiting factor in 

its expansion.  Each nuclear power plant must not only manage its own operations, but 

must also cooperate with a myriad of other regulatory agencies.  This includes working 

with agencies such as the Nuclear Regulatory Commission (NRC) for licensing, the 

Federal Emergency Management Agency (FEMA) for emergency disaster planning, the 

Department of Homeland Security (DHS) for security-related emergency planning, and 

many other organizations for health and environmental planning.61  Of these, the 

licensing process can be the most difficult and is often the limiting factor in whether a 

nuclear reactor will ever produce a single watt of power.  Such was the case for the ill-

fated Shoreham nuclear power plant in Long Island, New York.  The 800-megawatt-

electric power plant was completed in 1984; however, public perception and a strong 

debate over emergency operation plans caused New York Governor Mario Cuomo to 

                                                 
59 “Information Digest 2006-2007” 62.  
60 Karen Hadden, “New Nuclear Plants Too Risky to Bild and Too Costly to Operate” Sustainable Energy 
and Economic Development, June 2006.  
61 Jim Crow, interview by Author, West Point New York, October 2006. 
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reject the plants emergency evacuation plan—costing the plant its NRC license.62  After 

years of costly legal debate, the plant was sold to the state of New York, who in turn 

decommissioned the plant.  With sunken costs of over $6 billion, Shoreham did not 

produce a single kilowatt of power.63          

 The remainder of this paper will focus on nuclear technologies and siting schemes 

that will help ease the licensing process.  In addition, we will investigate potential 

solutions to problems with energy distribution networks, fuel availability, and waste 

management.   
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3. The Future of Nuclear Power 

     The Minimal Approach 

 While public perception remains leery of large nuclear reactors, the best chance 

for licensing might be with relatively small reactors.  Support for smaller reactors is 

growing—particularly in remote locations.  In places such as Alaska and Siberia, where 

power for heating is absolutely essential, growing fossil fuels costs makes building large 

power plants impractical.  Nuclear power is an attractive alternative, but with a relatively 

limited demand for power, large reactors are also not viable.  Moreover, the 

environmental conditions of these locations make large construction projects difficult, if 

not impossible.64 However, small transportable nuclear reactors (much like an electric 

generator) meet the energy demands while still being manageable.  There are currently 

two potential designs for smaller reactors: pebble bed reactors, and lead-cooled fast 

reactors.           

 Pebble bed reactors (PBR) use baseball-size pebbles of nuclear fuel to sustain the 

chain reaction.  These pebbles contain all the same materials that fuel rods do; they are 

just modular.  While conventional reactors raise and lower fuel rods to control the 

criticality of the reactor, PBRs either add or remove pebbles from the core.  These 

pebbles are also continually cycled through a testing cycle.  When the fuel of a pebble 

has been completely used, or the pebble has been damaged, it is removed from the reactor 

and a new pebble is inserted.  This cyclical concept of fuel ensures that the reactor 

remains continually running at near optimal conditions.65  While these reactors have 

modest power outputs of approximately 250 megawatts-electric, they are still ill-suited 

for transportation.  They are much better utilized in small to medium-sized industrial and 

residential areas.  The lead-cooled fast reactors are more suitable for transportation.                 

 Lead-cooled fast reactors (LFR), as the name implies, use a liquid combination of 

lead and bismuth to cool the core.  Lead-cooling has many advantages over water-

cooling.  The most important advantage is the temperatures at which such reactors can 

operate.  With the LFR design, the coolant exiting the reactor core can achieve 

temperatures up to 800oC.  At such temperatures, the high-temperature electrolysis of 
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hydrogen is possible.66  High-temperature electrolysis is almost 50% more efficient than 

low temperature electrolysis.  As the lack of efficiency in low temperature electrolysis is 

currently the limiting factor in hydrogen production from heat sources, high temperature 

electrolysis is a step in the right direction towards establishing an economically feasible 

source of hydrogen for hydrogen fueled vehicles.  The operation of the LFR at higher 

temperatures is also conducive to “nuclear breeding.”   

 The basic concept of a breeder reactor is that it produces fuel at the same time that 

it is consuming fuel.  Because the uranium fuel used in reactors is a combination of 

fissionable (uranium-235) and fertile (uranium-238) materials, fissioning is not the only 

nuclear process occurring.  During the nuclear chain reaction, some of the neutrons strike 

the fertile materials causing them to change to fissile materials.    In most cases, uranium-

238 changes to plutonium.  This plutonium then fissions, producing energy.  The process 

of transitioning from fertile material to fissile material is called nuclear breeding and 

occurs in all reactors.  However, for a reactor to be considered a true breeder reactor, it 

must breed more than 50% of the fuel than it consumes.67  The breeding process 

essentially extends the life of the fuel in the reactor.  As breeder reactors, LFRs can have 

a re-fueling interval of over 20-25 years. 68  This makes them an ideal candidate for 

closed-transportable reactors.   

 The need for portable electricity production, and concerns about proliferation, has 

sparked scientists within DOE to investigate the possibility of small, sealed, 

transportable, autonomous reactors (SSTAR).  The base of the design is a LFR enclosed 

in a tamper resistant container.  Designed to produce power in the range of 10-100 

megawatts-electric, these reactors feature automated controls, require less maintenance 

work, and can operate up to 30 years without needing replacement or re-fueling.  All 

these features help reduce the personnel required for their upkeep, and make them ideal 

for remote locations.  The myriad of potential uses for such reactors include off-grid 

electricity production, providing energy for relief work in disaster areas, as well as 

several applications in developing nations.  Once the life of these reactors has expired, 
                                                 
66 Gabriele Rennie, “Nuclear Energy to Go,” Science and Technology Review: Lawrence Livermore 
National Labs, July 2004.   
67 Richard Wilson, “The Changing Need for a Breeder Reactor,” Uranium Institutes 24th Annual 
Symposium, 8-10 September 1999: London.  
68 Kevan Weaver, “Lead-Cooled Fast Reactor,” Idaho National Laboratory [online database] available 
from <http://nuclear.inl.gov/gen4/lfr.shtml>. 
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they are returned to secure recycling locations, where the fuel can be replaced and they 

can be re-fitted for future use.                   

 With existing NRC licensing requirements, these portable reactors do not stand a 

chance.  The NRC currently licenses reactors on a “license-by-design” basis.  In the 

license-by-design process, the NRC uses their 40 years of experience to assess the 

feasibility and safety issues in a reactor’s design.  This approach is very useful for “tried 

and true” designs such the light-water reactors currently in operation.  However, for new 

innovative designs, this process is not as useful.  For the licensing of future designs, NRC 

plans to use a “license-by-test” approach.  This approach is similar to the Federal 

Aviation Administration (FAA) licensing of commercial aircraft.  The “license-by-test” 

process requires the reactor to show that it can safely withstand accidents (even the most 

improbable ones) in a test environment.69  By licensing in this manner, the NRC hopes to 

help nuclear planners overcome the inertia that is generally associated with new 

technologies.    

 Another particularly interesting concept for small nuclear power plants (Esquire’s 

Crazy Idea of the Year, 2005) is the “friendly neighborhood nuclear reactor.”  With the 

same technologies used in the small portable reactors described above, Eric Loewen 

wants to make nuclear reactors more than just electricity generators.  His proposal—

albeit still very much ahead of its time—seeks to utilize the by-products of the nuclear 

cycle for the betterment of relatively small communities.  As he explains, “It’s more than 

[electricity]. [The reactors] can provide heat for homes or greenhouses or to make tofu 

and do lots of other things. Its gamma rays, waste heat, and excess neutrons can be 

utilized for a multitude of beneficial processes.”70  

 While “stand-alone” reactors transfer by-product heat to the environment for 

cooling, the “city-centered” reactors transfer this by-product heat to a myriad of other 

applications.  Some of these applications include residential and industrial heating, 

greenhouse heating, food preparation and cooking, ethanol refining, and even hydrogen 

production.  This would be a vital step in utilizing nuclear energy for transportation uses, 

industrial uses, residential and commercial uses, as well as electricity production—all of 

                                                 
69 Rennie. 
70 “Crazy Idea of the Year” Esquire, December 2005, 236.  
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which will offset the need for fossil-fuel based energy.  Additionally, since many other 

applications use the by-product heat, the need for large cooling towers is reduced.71     

 The excess heat is not the only by-product that this proposal uses.  Gamma 

radiation from spent fuel can be used for water desalinization, waste sterilization, and 

even material enhancement (with gamma irradiation, certain polymer chains bond 

together, making them stronger).72 Moreover, researchers can use excess neutrons from 

the reactor in specialized nano-scale scopes (similar to how electron microscopes 

work).73  Doctors can also utilize these neutrons for medical purposes. 

 While the technologies necessary to make this proposal a reality do not currently 

exist, Eric Loewen’s “neighborhood reactor” concept is exactly the type of innovative 

thinking that fuels progress in the nuclear community.  Furthermore, the complete 

integration of nuclear reactors into the community is a novel step towards bolstering 

public perception of nuclear power. 

     The Cluster Proposal  

 While the ideas above focus on small reactors that provide minimal electricity to a 

specific location, an additional proposal for nuclear power is the cluster model.  In the 

early seventies, planning for the nuclear industry focused on small-scale cluster 

proposals.  The primary purpose for these proposals was to ease the NRC licensing 

process.  By planning reactors on adjoining sites, the NRC’s reactor siting, licensing, and 

oversight is simplified.  Along the same lines, building these reactors in close succession 

is also advantageous—sharing building materials and construction crews.  However, 

because construction costs can be extremely large, very few utilities could afford to build 

reactor pairs at the same exact time. This is evident in that even though many of the 

reactors in the United States are located in pairs, most currently operating reactor pairs 

started operations approximately two years apart.74  One of the leading states in nuclear 

electricity production, Illinois, is a prime example of the use of small clusters.  Of the 11 

commercial nuclear reactors currently operating in Illinois, only one does not have a pair 

(at one point, a cluster of three reactors was operating).  Of the six pairs that are or were 
                                                 
71 Ibid.  
72 Ibid. 
73 Ibid., 237. 
74 This approximation was calculated by looking at the operational dates for all the reactor pairs in the 
United States.  This data, arranged by state, is available from: 
<http://www.ocrwm.doe.gov/info_library/newsroom/photos/photos_natlmap.shtml#>, accessed Feb 2007.  



once operational, none of the licensing dates for a pair differ by more than two years.75  

Besides the advantages in licensing and construction, reactor clusters have several other 

advantages.   

 An inherent assumption in future cluster proposals is that all the reactors in the 

cluster will be the same.  This was not the case in some of the early reactor pairs such as 

Indian Point II and III.  Indian Point II—a 956 megawatt-electric pressurized water 

reactor (PWR)—has a design that is slightly different than Indian Point II—a 979 

megawatt-electric PWR.  However, the difference is notable enough that the NRC 

requires two separate operation and maintenance crews for each reactor.76  Even with 

different designs, the security forces for both reactors are combined, alleviating some 

personnel demands.  With identical reactor designs, future clusters could minimize their 

personnel requirements even further.  The use of identical designs is particularly 

important because it reduces the demand for highly trained nuclear technicians—with 

whom there is currently a growing deficit (Figure 3.1).  

 
Figure 3.1. Gaps Between Bachelors of Science/Masters of Sciences Needed and 

Available77

 When reactors operate together, their resources can also be pooled to increase 

efficiency.  Even though the Indian Point reactors have slightly different designs, they 

use the same type of fuel rods and cooling systems.  This means that Entergy Corp.—the 

corporation that owns and operates these reactors—does not have to buy fuel separately.                                                   
75 “Illinois, Nuclear Waste Profile” Office of Civilian Radioactive Waste Management, 2007.  
76 Kathy McMullin, interviewed by Author, Indian Point Nuclear Power Plant, New York, November 
2006.  
77 Michael Corradini, Marvin Adams, et al. “The Future of University Nuclear Engineering Programs and 
University Research & Training Reactors,” Office of Nuclear Energy, Science, and Technology, 2000. 
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They can also combine the systems that cool the reactors as well as the networks 

necessary to incorporate the electricity into the electricity grid.  Because of the sensitive 

nature of spent fuel, each reactor needs to have its own storage pool; however, when the 

waste is ready for dry storage, operators can combine the waste from each reactor in a 

central location.  When the transportation of this waste becomes viable (to be discussed 

in a later section), the centralized storage will make waste-transportation easier.   

 While the minimal approach described above puts the reactor where the electricity 

is needed, the cluster approach puts reactors where they are more viable and transports 

the electricity to where it is needed.  The cluster approach can be used to build reactors 

away from areas that are strongly opposed to nuclear power—such as Shoreham, Long 

Island.  Transporting this electricity to far reaching locations will require significant use 

of high-strength copper wires and will result in a loss of efficiency.  However, the future 

offers potential means to efficiently transport electricity to far-reaching locales.  
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4.  Energy Distribution Networks 

 The energy transmission networks across the country are already starting to show 

signs of overloading and stress.  With energy demand rising, the transmission backbone 

is constantly being stressed.  The weakness of this network was evident in 2003 when 

major portions of the Northeast and Mid-West experienced severe blackouts.  Evolving in 

a piecemeal fashion over the past 100 years, with more than $1-trillion sunk in its 

infrastructure, current transmission networks are ill-suited to handle the demands of the 

21st century.78  A major problem with the current energy grid is that it is not designed to 

handle the transition from fossil-fueled power stations to cleaner sources of electricity.  

The network is very sensitive to ensuring that power delivered meets power demanded 

and no more.  Trying to continuously match generation with consumption is increasingly 

difficult with unpredictable and intermittent power produced from wind and solar energy 

sources.  The ideal electricity source is a relatively clean reliable energy source: nuclear 

power.  Nuclear power, combined with superconducting lines, forms the base for a stable 

energy transmission infrastructure—a “super-grid.”  

 The total generating capacity of the U.S. has also risen by 25% in the last five 

years, while the high-voltage transmission network has only grown by 3.3%.79  

Furthermore, the Energy Information Administration predicts a further energy demand of 

a quarter more by 2025.  To manage this extra energy, the U.S. grid will need to handle 

up to 400 additional gigawatts of power.  However, as the existing lines are already 

reaching their million-volt limit, current energy transmission networks will not suffice (at 

one million volts, the strong electrical fields destroy wire’s insulation).  Moreover, during 

transmission, about 10% of all electrical energy is lost due to electrical resistance.  

Superconducting lines—extremely high voltage lines in which essentially no energy is 

lost to resistance—provide a means to overcome these hurdles.  The technology is here 

and will be commercially viable in the next decade.          

 The base lines for the super-grid are cryogenically cooled, superconducting lines.  

From the discovery of superconducting materials in 1911, the possibility of no-resistance 

energy transmission has been in the making.  However, the refrigeration technology was 
                                                 
78 Paul M Grant, Chauncey Starr and Thomas J. Overbye, “A Power Grid for the Hydrogen Economy,” 
Scientific American, July 2006, 78.  
79 Ibid.  
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only recently developed to the point that it is industrially feasible.  Existing research in 

the field has shown that copper oxide superconducting lines—cooled by liquid 

nitrogen—are relatively efficient in electricity transmission.80  Further research has 

shown that magnesium diboride makes a good superconductor for AC power when 

cooled with hydrogen at 20 Kelvin.  Although only DC electricity can be resistance free, 

the research has shown that these AC lines are one two-hundredth the resistance of 

regular copper wires.81  The ideal “super cables” are composed of a superconducting pipe 

filled with chilled hydrogen to keep temperatures in absolute zero.  The cables also have 

high strength thermal and voltage insulation.  Using a pair of one-meter wide cables, the 

cables have a DC voltage of +/- 50,000 volts and a current of 50,000 amperes—vastly 

superior to the current of any existing lines.  These “super-cables” can provide five 

gigawatts electric power and up to ten gigawatts of thermal power.82 With such capacity, 

it would only take four cables to transmit all the power from the Three Gorges 

Hydroelectric dam. 

 With a flow rate of 0.6 cubic meters of hydrogen flow per second per pipe, power 

manufactures cannot ignore the supply of hydrogen.  Coal-power plants could be used for 

the energy generation, but current coal-technology does not allow for the production of 

hydrogen fuel.  However, the next generation nuclear power plants discussed above 

operate at the thermal temperatures necessary for either electricity production or 

hydrogen fuel production.              

 Additionally, the ability to transmit energy over a longer range with essentially no 

loss makes remote nuclear clusters a more attractive option.  These lines will not only 

have the ability to easily transfer the several gigawatts of electricity produced by the 

cluster, they would also be able to transport it to distant city-centers and other locations 

where clean-energy is not as copious.  Moreover, the lines also provide a means to 

transport the hydrogen produced from the nuclear clusters.  As such, the super-cables 

become not only a conduit for energy, but an energy depot as well.  The nuclear clusters 

                                                 
80 Ibid., 81 
81 Ibid., 82 
82 Ibid., 79.  
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have the advantage that some reactors can produce electricity while others produce the 

hydrogen need for cooling.83    

 The long-term potential of such an energy distribution network could 

revolutionize our energy infrastructure.  In addition to creating more hydrogen fuel for 

use in vehicles, the hydrogen could also be used in buildings.  Just as local transformers 

currently reduce voltage to the level that is safe for home-use, future hydrogen 

substations could lower the pressure of the hydrogen in the lines for distribution to 

homes.  Homeowners and businesses could then use the hydrogen for heating.  Even 

more revolutionary, they could use this hydrogen for refueling vehicles at home.  While a 

possibility, such a utility could ultimately destroy the current vehicle re-fueling 

industry—a multi-billion dollar industry that will undoubtedly fight to prevent this from 

happening.    

 The major disadvantage to such a high-voltage transmission network is 

emergency preparedness.  In the existing lines, circuit breakers isolate problems in a line 

and re-direct the energy flow.  With the super-cables, currently no such “circuit-breaker” 

idea exists.  Before the U.S. implements the grid, a suitable way to deal with any 

problems in the lines needs developing.  Additionally, breaks in the lines will create 

massive voltage spikes at the location of the break.  The danger of such spikes requires 

intensive insulation for protection.84  Insulating the lines with hydrogen can also be 

dangerous.  Hydrogen has a tendency to leak relatively easily and can ignite at lower 

oxygen concentrations.  As such, the lines will need to be airtight and located away from 

flame sources.  The most attractive way to run the cables is to run them deep 

underground—which would have the benefit of relieving public and political opposition 

to running new unsightly hanging wires.85  Because these lines will be carrying such an 

extensive amount of power, it is more economical to bury such lines than it is to bury 

conventional lines.                

 In no way do we purport that the super-grid should immediately replace the 

current grid.  Such an undertaking is completely infeasible.  However, by developing the 

super-grid over the span of several generations, alongside the existing grid, the process is 

                                                 
83 Ibid., 82.  
84 Ibid., 83.  
85 Ibid. 
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entirely possible.  Nevertheless, inherent in the “long-term” approach is political and 

economical resistance.  Such a large time-scale makes the super-grid unattractive to 

private investors who will most likely not see any profits in their lifetime.  Additionally, 

it could be difficult to get congressional support for such a relatively costly and long-term 

project.  All the same, something most be done quickly before the current demand on our 

existing energy grid stresses it to the breaking point. 

          



5.  Fuel Prices and Availability: 50 Year Projections 

 Before we investigate some of the trends in uranium fuel prices and availability, a 

brief explanation of the fuel cycle is needed.  The nuclear fuel cycle starts with the 

extraction of uranium ore from mines.  Just like other metal ore extraction techniques, 

either open-pit mining or in-situ leaching is used to remove uranium ore (brown cake).  

This ore is then crushed and chemically treated to remove the uranium-oxide (yellow 

cake).  Again using chemical methods, the uranium-oxide undergoes conversion to 

uranium-hexafluoride.  Uranium-hexafluoride is relatively easy to work with because it 

exists as a solid at room temperature, but can be converted to a gas with minimal energy.  

From here, the enrichment of uranium begins.  Because of the low content of U-235 in 

natural uranium, to achieve the concentrations of U-235 needed to support the nuclear 

chain reaction, uranium-hexafluoride must be enriched.  One of the two primary methods 

includes gaseous diffusion—uranium gas is forced through porous barriers in which the 

U-235 passes through faster than the heavier U-238.  The second method is gaseous 

centrifuge—spinning centrifuges separate the U-235 from the U-238.  The enriched 

uranium (typically 5% for reactors as opposed to 90% for weapons) is often referred to as 

“white-cake.”  The back end of the cycle can include reprocessing, as well as storage and 

disposal of the fuel—all to be discussed later.  

 
Figure 5.1. Nuclear Fuel Cycle86
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86 “The Nuclear Fuel Cycle” Uranium-Info [database], available from 
<http://www.uranium.info/uranium/cycle.html>, accessed 25 March 2007. 



 Throughout the “nuclear boom” of the 1970s, towns like Jeffery City, Wyoming; 

Casper, Wyoming; and Moab, Utah, were in their prime for producing uranium.  During 

this time, Jeffery City claimed a population in excess of 5,000 people.  Throughout the 

80s, this number began to dramatically decline—the 2006 population was approximately 

50 residents.87  The stories are similar in Casper and Moab.  What force could cause a 

population reduction of 99%? Uranium prices.  During the 70s, while utilities were 

constructing new nuclear reactors, the demand for uranium was increasing; with the 

demand came increased incentives for mining.  During this time, Moab was the 

“Uranium Capital of the World.”  Now it is not much more than a small tourist stop.  

Throughout the 80s, demand began to decrease, higher-grade ores were found elsewhere, 

and Russia began to flood the market with fuel derived from decommissioned weapons.  

At its low point, uranium ore was selling for approximately $3.20 per pound, as 

compared to the $45 per pound high in the late seventies.88  Almost all of the American 

uranium mines closed. 

 The situation now is noticeably different.  With increased demand for power, 

particularly power derived from non-fossil fuel sources, uranium ore prices have began to 

grow again.  Figure 5.2 shows the exchange value—the price (per pound) for long-term 

uranium contracts—of uranium ore from the late sixties on.  The restricted market refers 

to markets with import restrictions for the former Soviet countries; the unrestricted 

markets have no import restrictions.89                    

 
Figure 5.2. Trading Price of Uranium Ore 

                                                 
87 “The Uranium Rush,” The Economist, [on-line addition] Nov 16th 2006.   
88 Ibid.  
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89 “Uranium as Nuclear Fuel,” Uranium-Info [database], available from 
<http://www.uranium.info/uranium/fuel.html>, accessed 25 March 2007.  



 As of January 2007, the price of a pound of uranium-oxide was $75.  The cost to 

convert uranium-oxide to uranium-hexafluoride has remained constant over the last 

decade; the enrichment of uranium follows a similar trend.  As Figure 5.2 shows, since 

2003, the price for uranium-oxide has begun to grow steadily.  Figure 5.3 shows the 

period in more detail.  With what appears to be exponentially growing prices, the 

situation for “cheap” nuclear power looks bleak.  However, this does not account for the 

increased technological efficiency of the conversion and enrichment process.  In the past 

five years, the efficiency in extracting uranium-hexafluoride has doubled.  The process 

that once took two pounds of uranium-oxide to produce one pound of uranium 

hexafluoride now is a 1:1 process.  Similarly, the enrichment process has become more 

efficient (6:1 as opposed to 14:1 throughout the late nineties).  When one considers these 

efficiencies, the final price of a pound of enriched uranium appears much more stable.            
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Figure 5.3. Uranium-Oxide and Enriched Uranium Pricing90

 Another factor that must be considered when looking at the cost of nuclear fuel is 

the efficiency of the reactor.  From 1975 to 1993, the amount of power generated from 

nuclear reactors increased by a factor of approximately 5.5; the amount of fuel used only 

increased by a factor of three.91  Over the last decade, this increase in efficiency has only 

increased slightly.  The same mass of fuel used in 1975 now produces approximately 

twice the electricity.            

                                                 
90 “TradeTech's Long-Term Values,” Uranium-Info [database], available from 
<http://www.uranium.info/prices/longterm.html> accessed 25 March 2007.  
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<http://www.uic.com.au/nip75.htm>, accessed 10 Feb 2007.  



 The United State’s supply of uranium, unlike oil, is predominantly supplied by 

stable countries.  Of the four countries with the largest known recoverable uranium 

resources, Australia has the largest followed by Kazakhstan, Canada, and then the United 

States.  Australia has over 24% of the world’s uranium resources (1.143 million tons U); 

Kazakhstan, Canada, and the United States have 17% (0.816 million tons), 9% (0.444 

million tons) and 7% (0.342 million tons) respectively.92  These percentages are all based 

on reasonably assured resources (RAR).  One of the major factors for determining RAR 

is the price of extraction of the uranium ore.  Like most metal ores, some uranium ore 

depots are more difficult to mine.  If industry is willing to spend the added cost to extract 

this ore, then the uranium supply is larger.  Two typical price ranges for RAR are US$18-

36/lbs-uranium ore ($40-80/kg) and >$36/lbs-uranium ore ($80/kg).93  Most of the 

world’s uranium resources can be mined for less than $36/lbs; less than 1% of the 

resources require more than $60/lbs-uranium ore for extraction.  The percentages 

presented above represent only the currently known supply of 4.74 million tons of 

uranium ore (as of January 2005).  Figure 5.4 shows the known uranium resources from 

1975 onward (within the range of $36/lbs), as well as the cumulative expenditures for 

exploration.  The figure helps show resource exploration expands the world supply of 

uranium.  

 
Figure 5.4.  Known Uranium Resources and Exploration 

                                                 
92 Ibid.  
93 Ibid. 
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 There are also two other classifications for resources: estimated additional 

resources I and II (EAR-I and EAR-II).  EAR-I are resources that are inferred to exist 

based on direct geological evidence; however, information regarding the tonnage and cost 

of extraction is still inadequate.  EAR-II are resources that are expected to occur in 

geological deposits based on well defined geological trends and indirect observations.94  

With continued exploration, EAR-II and EAR-I resources can be reclassified as RAR.  

The International Atomic Energy Agency (IAEA) classifies RAR, EAR-I, and EAR-II as 

primary supply.  Secondary supply includes sources such as high enrichment uranium 

(HEU) from weapons programs, low enrichment uranium (LEU) inventories, and 

reprocessed uranium (RepU).   Secondary sources currently supplies approximately 30% 

of the global uranium demand.  However, in the next decade, this contribution is 

expected to decrease to approximately 6%.95           

 For an increase in nuclear power production to be a viable option, there must be a 

fuel source available for operations.  Here we investigate the future supply of uranium 

and the impending effects that this supply will have on uranium prices.  For this, we will 

turn to the IAEA’s Analysis of Uranium Supply to 2050.  In this report, the IAEA—along 

with the International Institute for Applied Systems Analysis and the World Energy 

Council (IIASA/WEC)—composed an evaluation of the adequacy of supply to meet 

uranium requirements from 2000 through 2050.  They investigate three uranium demand 

scenarios.  The first scenario assumes low uranium demand.  Under these conditions, the 

supply for uranium is well above the cumulative demand requirements to 2050 

(3,390,000 tons U).  The two scenarios that interest us the most are the middle demand 

scenario and the high demand scenario.  The middle case assumes medium economic 

growth, ecologically driven energy policies, low energy demand growth, and sustained 

development of nuclear power worldwide.  The high demand case assumes high 

economic growth, rich and “clean” energy, high energy demand growth, and significant 

development of nuclear power.  With growing demand for “clean” energy and a 

recognition of nuclear power’s ability to provide it, the high-demand case seems the most 

applicable to the current world situation—especially as developing nations such as China 

begin to develop their nuclear industry.  We shall look at the results of both cases.    
                                                 
94 “Analysis of Uranium Supply to 2050,” International Atomic Energy Agency, 2000, 2.    
95 Ibid. 
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 For the middle-demand case, with a cumulative demand of 5,394,100 tons of 

uranium, the uranium supply (RAR+EAR-I) will fall short of demand by 0.146 million 

tons.  This is less than the annual expected demand in the years from 2041-2050.  With 

exploration (RAR+EAR-I +EAR-II), the IAEA predicts a surplus of uranium by over 

2.079 million tons.  For the high-demand case, the cumulative demand is 7,577,300 tons 

uranium—2.394 million tons more than the predicted supply (RAR+EAR-I).  Figuring in 

EAR-II, this deficit shrinks to 0.169 million tons.  With this deficit, significant increases 

in uranium prices are inevitable.  In their report, the IAEA predicts a uranium price (not 

accounting for EAR-II) of US$24-$35/lbs-uranium ore by 2015, $35-$60/lbs by 2022, 

and >$60/lbs by 2026.  However, this report was finished well before the recent boom in 

uranium prices.96  As such, we can assume that the projected deficit will cause prices to 

rise even higher.  However, when EAR-II is taken into consideration, the prices stabilize 

in the $35-$60/lbs region for most of the study’s duration.  This assumed price is still 

lower than the current price, but the study does suggest that added exploration will 

alleviate the increasing uranium prices for the next several decades.  These prices are also 

based on the assumption that reprocessing will be minimal.         

 We also must not forget the effects that changes in fuel prices have on consumers.  

Like all power sources, the price of the fuel affects the end-cost of the power produced.  

For renewable resources like solar power, wind power, and hydroelectric power, resource 

costs are essentially non-existent—the price per kilowatt-hour is a function of the upfront 

costs of the facility as well as operation and maintenance costs.  In fossil-fuel plants, this 

cost is a function of upfront costs, operation and maintenance costs, as well as fuel costs.  

For these plants, approximately 40% of the price per kilowatt-hour comes from fuel 

costs.  For nuclear power plants, upfront, operational, maintenance, fuel, and 

decommissioning costs all factor into the final price.  However, for nuclear power, fuel 

only makes up about 3-5% of the price per kilowatt-hour.97  As a result, the growing 

trend in fuel costs will have less of an effect of the nuclear power industry than it does on 

the fossil-fuel industry.  Moreover, the nuclear industry is also more resistant to shocks in 

the fuel market.   
                                                 
96 Ibid., 4. 
97 “Uranium: How High Could the Price Go?” UraniumStock.net [web-site] available from 
<http://www.uranium-stocks.net/uranium-how-high-could-the-price-go%E2%80%A6576/>,accessed Feb 
2007.  
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 To conclude on fuel prices and availability, uranium fuel prices are currently 

increasing.  This is a direct result of the supply and demand relationship in the nuclear 

industry.  However, even with increasing fuel prices, the nuclear industry is not doomed.  

With exploration for new resources, fuel reprocessing, and the utilization of breeder 

reactors, the available supply of uranium will undoubtedly increase.  Likewise, increasing 

efficiencies in the nuclear fuel cycle (mining/milling, conversion, enrichment, and power 

plant operations) will help curtail the demand.  Moreover, because fuel costs only make 

up a small portion of a plant’s overall costs, increases in fuel prices will only slightly 

increase the final price of electricity.  Fuel prices will not severely limit the nuclear 

industry as long as in-depth scientific and technical development continues—the nuclear 

industry cannot afford to accept the status quo. 
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6. The Waste Problem 

    Fuel Waste Basics  

 The last major problem to consider is the increase in nuclear waste that would 

result from the increase in nuclear reactors.  There are essentially four types of nuclear 

waste.  The first type is low-level waste.  The nuclear power community as well as the 

medical community generates this kind of waste.  It emits relatively low levels of 

radiation and has a shorter half-life.  The second type of waste is transuranic waste 

(TRU).  TRU is waste that contains traces of long-lived elements heavier than uranium.  

It is typically a result of nuclear weapons production.  The third type is high-level waste: 

residual waste created from reprocessing.  High-level waste usually does not contain 

elements of uranium and plutonium; however, it does contain most of the other trace 

radioactive elements as spent fuel.  The last type is spent fuel—fuel rods that can no 

longer sustain a chain reaction.  These rods are by far the most radioactive form of 

waste.98  In the remainder of this paper, unless other wise noted, “nuclear waste” refers to 

spent fuel.   

 Currently, the waste from reactors is stored on site– a practice that has inherent 

safety and security concerns.  In order to make the transition to nuclear power safer and 

more secure, this practice needs to stop.  The alternative is facilities solely dedicated to 

waste storage and treatment.  The issue is particularly poignant given the more than a 

thousand year half-life of the waste.  Here we look at two possible approaches. The first 

approach is monitored and retrievable deep underground storage—an approach Great 

Britain is currently investigating.  The second approach is deep underground permanent 

storage facilities such as the Waste Isolation Pilot Plant and Yucca Mountain.   

 While research and development for a permanent nuclear waste storage facility in 

the United States has been ongoing for the past 25 years, the U.S. still lacks the ability to 

collect waste from nuclear reactor sites.  The lack of options for waste removal puts the 

onus for storage on the reactor sites.  In a March 2007 report from the Department of 

Energy’s Office of Civilian Radioactive Waste Management (OCRWM), Samuel 

Bodman, Secretary of Energy, laid out the current waste problem in the United States.  In 

the report, he clearly points out that over 55,000 metric tons of spent nuclear fuel and 
                                                 
98Mark Holt,  “Civilian Nuclear Waste Disposal,” Congressional Research Service [on-line database] 
available from <http://www.ncseonline.org/NLE/CRSreports/06Sep/RL33461.pdf>. 



high-level waste are currently stored in over 100 facilities.99  He also explains that this 

problem is not locale specific—the waste is spread over 39 states.  With the waste 

decentralized, the storage sites are more vulnerable hostile attacks.           

 Before we go any further, it is important to have a basic understanding of how 

nuclear waste is currently stored.  The reactor sites store their waste in essentially two 

different ways.  The first, and primary, way of storing the waste is in water cooling pools.  

Once reactor operators remove the spent fuel from a reactor core, they place it in a pool 

of boric acid and water.  The fuel removed from the reactors is extremely hot and 

radioactive; the water helps cool the waste, while the boric acid absorbs some of the 

residual radiation.100  This storage is only necessary for 6-12 months, but since 

permanent storage is not available, the waste is stored in the pools indefinitely.  Nuclear 

technicians must also space the used fuel within to the pools to ensure that nuclear chain 

reactions do not occur.  Because many facilities have reached a limit on their wet storage 

potential, they must turn to dry-cask storage.  Once the spent fuel has cooled in the pools 

for approximately 5 years, it is safe for temporary cask storage.  The waste is removed 

from the pools and placed in reinforced casks.  These casks are designed to be 

impenetrable to the natural elements, corrosion free, and secure from conventional 

attacks.  While wet and dry storage is a relatively safe means of storage, it is still only a 

temporary solution to a longtime problem.   

   

 
Figure 6.1. Fuel Storage Pool, Indian Point 

 In addition to on-site storage being relatively unsafe, it is also a costly practice.  

In 1982, Congress passed the Nuclear Waste Policy Act (NWPA), wherein they 
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stipulated that the Federal Government would become the sole party responsible for the 

removal and disposal of nuclear waste from the commercial generating facilities.101  As 

the 1982 legislation outlined, the waste removal was to commence in 1998.  Since then, 

the U.S. Government has not removed a single gram of waste from a commercial facility, 

resulting in over 60 lawsuits being filed against the government.  In the nine years that 

the government has defaulted on their responsibility to remove this waste, they have paid 

over $215 million in settlements and have a liability approaching $7 billion.  

 Furthermore, the current stock of spent fuel is not the least of the nation’s waste 

problems.  Each year, the current nuclear reactors produce approximately 2,000 metric 

tons of nuclear waste.102  This translates to an additional cost of over $100 million in 

liabilities to the U.S. Government each year.103 With reprocessing, the volume of storage 

space necessarily decreases.  From the inception of the United States’ nuclear program, 

scientists have been investigating fuel reprocessing.  Several processes were discovered 

to extract usable fuel components from nuclear waste.  The simplest process, PUREX, 

allowed scientists to extract pure plutonium from nuclear waste.  During the cold war, 

fearful of the proliferation of nuclear materials, President Carter suspended all fuel 

reprocessing in the United States.104  In 1999, this suspension was repealed, but 

reprocessing did not resume.  Reprocessing was still considered too much of a 

proliferation threat and was still not economically practical.  The DOE’s Global Nuclear 

Energy Partnership (GNEP) has taken the first major steps towards economically and 

socially viable reprocessing.  The GNEP has several goals: expand nuclear power to meet 

growing energy demands; develop facilities to recycle fuel that do not separate 

plutonium; develop, demonstrate and deploy reactors that utilize recycled spent fuel; and 

develop, demonstrate, and deploy proliferation resistant reactors to developing 

countries.105  All these goals seek to eliminate civilian stocks of fuel plutonium and spent 

fuel while still considering proliferation concerns worldwide.  Nevertheless, even with 

the GNEP’s current plans for new nuclear plants and facilities that utilize reprocessed 

                                                 
101 Bodman.  
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fuel, a workable reprocessing infrastructure is far from being complete and the waste-

storage issue needs to be dealt with before reactor sites lose their ability to safely and 

securely mange the waste.106  Moreover, even with reprocessing, not all waste can be 

reprocessed, still resulting in a need for long-term storage of the residual waste.           

 Specifically for Texas, of the two nuclear facilities currently running (South 

Texas Project 1&2 and Comanche Peak 1&2), only the South Texas plants have the 

capacity to store all the nuclear waste they produce in pool storage.  Nevertheless, even 

after the South Texas facility is shutdown, they will still have to store their waste.  The 

Comanche Peak plants will run out of wet storage space more than ten years before the 

end of their license period.107  From 1988-2006, the four reactors in Texas have 

stockpiled over 1,581 metric tons of spent uranium.  In addition to starting the licensing 

process for new nuclear reactors, a serious plan for the removal of the waste needs 

drafting.        

     Temporary Storage: The British Perspective 

 There are many different proposals on how to deal with the growing nuclear 

waste problem.  However, all these proposals can be broken down into essentially two 

options: temporary storage and permanent storage.  While many governments have 

considered temporary storage as the primary means for storing their national waste, Great 

Britain is one of the only countries to take action towards an approach.  Interestingly 

enough, the pressure for temporary storage is stems more from socio-political issues than 

technical ones.  Dr. William Nuttall, Course Director in Technology and Policy at 

Cambridge University, cites that the primary push for accessible, monitored, and 

retrievable waste storage comes from the public and political priority of inter-

generational equity.  He asserts that people “prefer a risk burden on immediate 

descendants who choose to work in the nuclear industry rather than a burden on 

populations of the distant future.”108 For the British people, they would rather continually 

monitor their waste in underground repositories—where the waste would be retrievable—

even though research shows that permanent storage is safer. 
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 Part of Great Britain’s desire to keep their waste at hand stems from the 

composition of their waste.  Unlike the United States, Great Britain reprocesses their 

spent fuel.  This has the advantage that it decreases the volume of waste to be stored.  

Storage repositories can be smaller and thus easier to manage.  The drawback, as stated 

earlier, is the production of plutonium.  By 2010, Great Britain will have over 100 metric 

tons of plutonium—over two-thirds of the worlds total.109  Since they do not have the 

nuclear power facilities to utilize this plutonium, monitored retrievable storage would 

keep the plutonium safe until a time that it can be utilized.  Nevertheless, Great Britain 

has still not set any policy towards waste management.  Their Committee on Radioactive 

Waste Management (CoRMW) is expected to make a final recommendation by June 

2008.                

     Permanent Storage: WIPP and Yucca Mountain 

 The United States’ first experimentation with permanent geological waste storage 

started with defense-related waste—transuranic waste.  Since the 1950s, the United States 

has been looking for ways to dispose of the waste generated from several nuclear 

weapons projects.  In a 1957 report, the National Academy of Sciences recommended 

deep underground geological storage as the most advantageous way to store the waste, 

yet no action was taken on this recommendation.110  It was not until 1975 that the Energy 

Research and Development Administration (which later became the Department of 

Energy with the Department of Energy Organization act of 1977), selected a site for the 

Waste Isolation Pilot Program (WIPP).111  This site, in the salt deposits near Carlsbad, 

New Mexico, was ideal for the storage of TRU.  The storage facilities include 

containment rooms that are located more than 700 meters below the surface level.  

Construction crews carved the necessary tunnels and storage rooms out of 650-meter 

thick salt formations that have been geologically stable for more than 200 million 

years.112  After more than 20 years of analysis, characterization, design, and construction, 

 
109 “Management of Separated Plutonium”, The Royal Society, February 1998. 
110 The Disposal of Radioactive Waste on Land. Publication 519. Washington, D.C.: National Academy of 
Sciences, National Research Council., pg 8.  
111 “U.S. Policy: The Rationale for Geologic Disposal” Yucca Mountain Science and Engineering Report, 
section 1.2.2 
112 “Why WIPP? Fact Sheet” Waste Isolation Pilot Program [online database] available from < 
http://www.wipp.energy.gov/fctshts/factsheet.htm>. 
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the WIPP received the required licenses from the EPA to begin operation.  The WIPP 

received its first shipment of TRU on March 26, 1999.113

 In the seven years of operation, the WIPP has had no major accidents resulting in 

the release of radioactive waste.  While this record of accomplishment is praiseworthy, 

more importantly, the WIPP has helped establish a framework for environmental 

monitoring resources and emergency preparedness plans.  In addition to establishing 

safety regulations on the containers for shipping, the program has also created protocols 

for waste transportation including the training and certification of drivers and use of 

satellite tracking for shipments.114  While the Waste Isolation Pilot Plant has set a good 

precedent for waste storage, it is not a universal solution.  The lessons learned from the 

WIPP project should be carried over to future waste storage projects.   

 The most promising proposal for storage of spent fuel rods and high-level waste 

in the United States is the Yucca Mountain Repository.  This proposed 147,000-acre 

geological repository, located in Nye County Nevada, has been the source of much 

political debate and scrutiny.  Like the WIPP, the roots of the Yucca Mountain project 

stemmed from the National Academy of Science’s recommendation for deep 

underground storage.  The search for permanent means of disposal became critical 

throughout the sixties and seventies as commercial reactors were developing waste that 

they did not know what to do with.  Several proposals were made throughout this time, 

but there was no serious progress until 1982 with the NWPA.  The NWPA outlined a 

“comprehensive policy for the disposal of the nation's commercial spent nuclear fuel and 

high-level radioactive waste.”115 The basis of this policy was geological storage.  From 

1983 to 1986, nine potential sites were selected and evaluated based on environmental 

criteria.  Of the nine sites, only three were selected for further characterization: Yucca 

Mountain, Nevada; Hanford, Washington; and Deaf Smith County, Texas.  Two years 

later, Congress abandoned the characterization of two of the three sites, citing budgetary 

reasons; the research at Yucca Mountain continued.  In 1998, the DOE finally published 

their findings on the site.  With the passing of Public Law 107-200 in 2002, President 
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Bush officially made Yucca Mountain the approved site for the nation’s permanent 

geological repository of civilian waste.116                     

 The site has several key features that make it ideal for waste storage.  First, the 

site is located on the Nevada Test Site, which is contained in the Nellis Air Force Range.  

 
Figure 6.2. Yucca Mountain Site117

In addition to being located on government land, the proposed area also has a dry climate.  

Of the 7.5 inches of total precipitation the area receives a year, 95% of it is absorbed by 

the desert vegetation, evaporates, or is lost as run-off.118  This is particularly 

advantageous because water is the primary means of contamination.  Water can work to 

corrode the storage containers as well as carry any radioactive waste away from the site.  

Because the water table of the area is incredibly low, (over 600 meters, 300 meters below 

the repository level) the likelihood of water reaching the containers, sufficiently 

corroding them, and carrying away any waste is essentially non-existent.  Additionally, 

the containers will be constructed of a stainless steel and nickel alloy.  A titanium shield 

will also cover the containers to protect them from rockslides.119 The main tunnel for the 

repository is a 5-mile long u-shaped tunnel.  The storage containers will be kept in small 

tunnels that extend perpendicular to this main tunnel. Additionally, scientists will use a 

series of cathedral-like alcoves extending from the main tunnel to conduct ongoing 

research and verification of the repository.120  The primary means of transporting waste 

to the site will be a series of rail-lines.  We would also like to note that while the facility 

is intended to be permanently sealed anytime from 50-300 years after the first receipt of 
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waste, while the facility is still operational, the ability to remove any of the containers 

remains available.  Therefore, even if reprocessing becomes a viable option in the distant 

future, the spent fuel will still be available as a potential fuel source.        

 Table 6.1 below shows the best-achievable schedule for the Yucca Mountain 

project.  This schedule is based on several key assumptions—mainly the timely issuance 

by the NRC of a Receive and Possess license and the absence of litigation-related delays.  

The schedule is also dependent on pending legislation by Congress.  The key point to 

take from the schedule is that technical constraints do not limit the timeline for a working 

repository; rather, progress is heavily dependent on public perception and the political 

process.121       

Best-Achievable 

Yucca Mountain Repository Schedule  

Milestone          Date  

Design for License Application Complete     30 November 2007  

Licensing Support Network Certification     21 December 2007  

Supplemental Environmental Impact Statement (EIS) Issued  30 May 2008  

Final License Application Verifications Complete    30 May 2008  

Final Rail Alignment EIS Issued      30 June 2008  

License Application Submittal      30 June 2008  

License Application Docketed by NRC     30 September 2008  

 

Best-Achievable Repository Construction Schedule  

Start Nevada Rail Construction      5 October 2009  

Construction Authorization       30 September 2011  

Receive and Possess License Application Submittal to NRC  29 March 2013  

Rail Access In-Service       30 June 2014  

Construction Complete for Initial Operations    30 March 2016  

Start up and Pre-Op Testing Complete     31 December 2016  

Begin Receipt         31 March 2017  

Table 6.1. Yucca Mountain Timeline 
 

121 Statement of Edward F. Sproat III, Director for ,Civilian Radioactive Waste Management, U.S. 
Department of Energy, FY 2008 Appropriations Hearing.  
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 The bottom line here is that solutions to the nuclear waste problems are in the 

making.  Whether the solutions include temporary storage, reprocessing, permanent 

storage, or a combination of all three, waste concerns should not hold up the much-

needed expansion of the nuclear industry.  Rather, these waste concerns—along with fuel 

availability and energy distribution concerns—should help shape the future of civilian 

nuclear power generation.  
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7.  Conclusion 
 Conservation, Conservation, Conservation!  With the fifth highest energy 

consumption per capita, the first step in reducing Texas’ dependence on coal-based 

electricity production must be the increasing of energy efficiency.  To alleviate the strains 

on the electricity grid, consumers need to be more aware of their wasteful energy 

practices.   

 With global warming a reality, nuclear technologies are the only existing 

technologies that can feasibly replace coal in base-load.  In addition to fuel supplies being 

quasi-indigenous (or at least located in Allied countries), nuclear power also does not 

emit greenhouse gases and is only slightly unfavorable economically, at the worst.  We 

must not ignore the current problems with nuclear power, specifically the waste problem.  

However, within the next decade, reprocessing capabilities will be commercially viable, 

and long-term geological storage will be an emerging option.  In the past, public 

perception—mainly over safety and security issues—has also held back the nuclear 

industry’s expansion.  As people begin to see the practicality of nuclear power, the long 

and endless court delays that kept nuclear power at bay, will be a thing of the past.    

 TXU’s proposal for eight new 1,000-megawatt coal-based power plants is not a 

progressive move for Texas; rather, it is a desperate attempt to preserve the past notions 

of “cheaper is better.”  We generally believe “cheaper is better;” nevertheless, TXU’s 

proposal does not include the costs of severe environmental damage.  Factoring in these 

externalities, nuclear power is far superior to coal.  Nuclear power is a feasible alternative 

to coal; the majority of the increased demand for energy in Texas should come from 

nuclear reactors.  It will take time to establish a nuclear-dominated electricity 

infrastructure; in the meantime, conservation will help keep electricity demand at 

reasonable levels.  Moreover, renewable sources such as hydroelectric power, solar 

power, and wind power should be used to supplement the energy demands as well as 

provide energy to remote location.  With these recommendations, Texas can move from 

being a “pollution-state” to a “progressive-state.”          
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