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Executive Summary 
 
 
Some Colorado politicians are attempting to develop policies to promote renewable 
energies (so-called green energies)*  because of the perceived health and environmental 
risks of coal and natural gas power. Pro-green advocates often claim that renewable 
energies are more efficient than traditional energy generation technologies. 
 
These claims ignore the increasing cleanliness of the traditional technologies.  These 
claims also ignore the technological and economic inefficiencies of renewable energy, 
especially solar and wind power. Lastly, these claims overestimate the environmental 
benefits of renewable energy. 
 
Colorado officials have developed several policies to try to promote renewable energy: 
 

• Mandate the use of renewable energies  
• Government purchasing of renewable energy electricity power for consumers  
• Market strategies that allow customers to choose whether or not they would like 

to pay more for renewable energies 
 
Mandating renewable energies will increase the price of electricity, but will not 
significantly reduce pollution.  The government purchasing of renewable energy 
electricity power stunts the innovation of renewable energies and will increase the 
amount of inefficient energies providing electricity to all consumers.  Market-based 
solution have the most potential for increasing the efficiency of the renewable energies 
by encouraging innovation.   
 

                                                
* In this paper the term renewable energies is only meant to include the three renewable sources discussed 
herein: solar, wind, and biomass.  It does not include hydropower or nuclear power, as some definitions of 
the term do. 
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Should Colorado Go Green? 

Analyzing and Debunking the Myths of Colorado's 
Renewable Energy Policy 

 

By Matthew R. Edgar 
 

I. Just How Green is Colorado? 
 
The primary electricity fuel for Colorado is coal, responsible for 90 percent of all 
electricity used in Colorado.  This is followed distantly by natural gas at five percent.  
Renewable energies, including the quasi-renewable energy hydroelectricity, and the 
wood/waste burning (bioenergy) produce another 5 percent.1 
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Graph 1: Electric Utility Use of Energy in Colorado, 1999, Energy Information Agency 
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II. What the Pro-Greens Say 
 
According to Colorado’s leading pro-renewable-energy organization, the Colorado Public 
Interest Research Group (CoPIRG), Colorado needs to get off the path that “leads us back 
into the past, to the technology of the 19th century. This is the path of dirty coal and 
limited reserves of fossil fuels such as oil and gas.”2   
 
In a 2002 study, CoPIRG stated that there was “severe environmental and public health 
damage” from the carbon dioxide, sulfur dioxide, and nitrogen oxide emitted by current 
power alternatives, specifically the fossil fuels, at current levels.  In fact, COPIRG claims 
that if current technologies continue to be used, with no technological improvements, the 
toxic emissions will double in 20 years.3  
 
CoPIRG and similar organizations also suggest that fossil fuel resources are drastically 
scarce.  Because of this, Colorado, and the entire world, according to some renewable 
energy advocates, will run out of current resources before an efficient and 
environmentally friendly replacement is found. 
 
CoPIRG argues that coal and natural gas, the two main fuel sources used in Colorado 
currently, are not as efficient as renewable energies, for “today’s best renewable energy 
projects produce power that costs less than fossil fuel-generated electricity.”4 
 
But is any of this true?  First we examine whether coal and natural gas are as dirty as 
these organizations suggest.  Then the bulk of this paper will address the questionable 
efficiency of renewable energy, both in economic and non-economic terms. 
 

III. Scarcity Problems with Traditional Fuels 
 
Traditional resources of coal and natural gas are not nearly as scarce as renewable 
advocates suggest.  The truth however is quite the opposite.  According to the United 
Stated government's Energy Information Administration, a non-political division of the 
Department of Energy, in the recently released Annual Energy Outlook 2002 (which 
includes projections to 2020), demand for electricity is expected to increase, but it is also 
expected that generation of coal and natural gas will keep pace.5  

A. Coal 
 
The use of coal is decreasing as natural gas consumption is increasing.6   Internationally 
coal in 1999 supplied 22 percent of electricity and this is expected to fall to 20 percent of 
total electricity consumption in 2020.7   
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 Even if demand and use do not decline there is enough coal to last for approximately 
230 year.8   As of 1999, there were about 1,089 billion tons of recoverable reserves.9   By 
the end of 230 years it is very likely that another technology, possibly renewable energy, 
will be able to efficiently replace coal. This forces the question, what is the urgency? 

B. Natural Gas 
 
The scarcity arguments about natural gas are just as unfounded as the scarcity arguments 
for coal.  This is obviously so as natural gas is becoming the replacement of coal; it 
would not be the replacement if it did not have good future potential.  By 2020, natural 
gas is expected to generate 24% of the energy in industrialized countries.10  In the United 
States, 80% of new capacity is projected to be natural gas.11 
 
The chart below clearly shows the low use of coal and the larger use of natural gas for 
generating new electric capacity over the next 15 years. 
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Graph 2: Projected Electricity Generation Capacity Additions By Fuel Type, Annual Energy Outlook 2002, 
Energy Information Administration, Department of Energy, DOE/EIA 0383(2002), page 73. 
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IV. Dirty Fuel?  Coal and Natural Gas Air 

Emission Trends  

A. What Does Coal Pollute? 
 
Coal and natural gas plants are not the primary sources of some types of air pollution. In 
many cases, the major pollutants come primarily from motor vehicles, not coal and 
natural gas plants.12  Take for example particulate matter, one of many types of pollution 
emitted from coal and natural gas plants.  The main sources of particulate matter 
pollution are displayed in Graph 3.  As can be clearly seen in this graph, barbeque grills 
create more particulate matter than coal power plants. 
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Graph 3: Colorado Air Quality Control Commission, Colorado Department of Public Health and 
Environment, p. 2. 

 
The same trend is seen with nitrogen oxides.  Throughout the United States, utilities, 
primarily electrical, are responsible for 27% of all nitrogen oxides emission.13  As seen in 
Graph 4, the primary polluter is motor vehicles. 
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Graph 4: "NOx: What is it?  Where does it come from?", U.S. Environmental Protection Agency, 
http://www.epa.gov/air/urbanair/nox/what.html. 

 
In other cases electrical plants, especially coal, are the primary source of pollution.  For 
example, coal plants cause 65% of sulfur dioxide emissions throughout the United 
States.14  
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Graph 5: "SO2: What is it? Where does it come from?", U.S. Environmental Protection Agency, 
http://www.epa.gov/air/urbanair/so2/what1.html. 
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 B. Natural Gas 
 
As discussed earlier, natural gas is replacing coal power. Coal by 2020 will likely 
generate 49 percent of electricity, but will be responsible for 80 percent of electricity-
related Carbon Dioxide (CO) emission.  Natural gas by 2020 will be for generate 
approximately 28 percent of electricity generation in 2020 and will be responsible for 
only 19 percent of electricity CO emissions.15   
 
This is very good for the environment, as natural gas is a cleaner fuel source.  According 
to the Environmental Protection Agency, natural gas emits half the amount of carbon 
dioxide, one-third the amount of nitrogen oxides, and one percent the amount of sulfur 
dioxide.16  This is summarized in graph 6. 
 

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

Coal Natural Gas Coal Natural Gas Coal Natural Gas

Caron Dioxide Notrigen Oxides Sulfur Dioxide

 
Graph 6: How does energy use affect the environment?, U.S. Environmental Protection Agency, 
http://www.epa.gov/cleanenergy/impacts/impacts.htm#chart. 

C. Air Trends: Getting Cleaner All the Time 
 
Pollution from particulate matter, and sulfur dioxide (SO2) is decreasing in Colorado 
according to the Colorado Department of Public Health and Environment, and the federal 
Environmental Protection Agency: 

 
• Particulate matter has fallen from 250 micrograms per cubic meter in 1995 to just 

under 150 micrograms per cubic meter in 2000.17  
• SO2 has decreased 50% since 198118 
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The decreases are partly a result of an increase in the use of cleaner technology, such as 
better techniques at scrubbing coal and the decrease in the sulfur content of coal.19 
 

D. Renewable Energy Emissions 
 
Unlike natural gas and coal, renewable energy has zero pollution emission.  Even so if 
renewable laws renewable energy mandates do not have a substantial impact on sulfur 
dioxide and nitrogen oxide.  For example, with a mandate requiring 20% renewable 
energies by 2020, and making an overly utopian assumption that by 2020 there would 
actually be 20% generation committed to renewable energies, sulfur dioxide would 
account for 8.9 million tons of emissions as opposed to 8.9 million tons of emissions 
without the 20% mandate.20  Nitrogen oxide would emit at 4.2 million tons with no quota 
in 2020, and with the 20% mandate would be 4.1 million tons.21  
 

V. Technological Tribulations of Renewable 
Energies 
 
How well do renewable energies work?  We will examine the three main proposed 
renewable energies proposed for Colorado are: wind power, solar power, and 
biotechnology.  

A. Wind Power 

1. Technology Overview 
A turbine is used to collect wind and then convert the collected wind into electricity. 
There are two common types of wind turbines: horizontal and vertical. The most common 
type is the horizontal axis wind turbine (HAWT).22  HAWTs collect wind from the richer 
wind sources above ground level.23 The original wind turbines of the early 1900s had a 
very similar design to the modern HAWT.24  Vertical axis wind turbines (VAWTs) are 
designed much like a water wheel and operate on a similar technology.25  Because 
VAWTs operate very close to the ground, they are not as efficient as the HAWTs and are 
therefore rarely used.26 
 
Wind turbines convert the force of the wind and the resulting rotation of the blades into a 
torque which is then turned into energy.27  Numerous factors are involved in determining 
how much of that wind becomes energy, of which the primary factors are the air density, 
the wind speed, and the rotor area.28  Additionally, the wind turbines must be tall enough 
to avoid irregularity and roughness of terrain problems with low level (surface) winds.29 
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 2. Technological Problems 
The first step with wind technology is finding the right location with the right conditions. 
Rotor area and height of the machine can be more easily adjusted but mountains or 
buildings obstructing the access to the wind current. 
 
If a plot of land does not have sufficient amounts of wind, then the wind turbines will not 
work.  The amount of wind available in various areas is measured by the Geographical 
Information Systems (GIS) based out of the National Renewable Energy Laboratory 
(NREL) located in Golden, Colorado.  The GIS gives a ranking of 1 for inefficient wind 
energy conditions to 7 for efficient wind energy conditions.30 
 
Yet there cannot be too much wind, as too much wind leads to turbulence  (wind speed 
variability) and turbulence leads to increased wear and tear on the turbine, which 
decreases the effectiveness of the wind turbine.  Turbines therefore need to placed in 
locations distant from major areas of turbulence or at a high enough altitude to avoid 
surface turbulence.31 
 
Second, the ideal location must be a flat land free of rough terrain, because the rough 
terrain decreases the amount of available wind.32  The roughness class is determined by 
the amount of items obstructing the location: a roughness class of zero (0), the ideal 
location, would be given to a completely open terrain with a completely smooth surface 
while a roughness class of four (4) would be assigned to a very large city with numerous 
skyscrapers and other tall buildings.  An airport runway receives a roughness class of 0.5 
and New York City would receive a roughness class of 4.33 
 
The best locations with sufficient wind, but not too much, and a low roughness factor, are 
often far away from the major areas of electrical consumers, such as cities.  There needs 
to be a massive transmission system to get the generated power from the distant and ideal 
generation location to the power users.   Access to transmission capacity is the most 
difficult part of sitting a wind farm.  Because of the high transmission costs, wind power 
has often been used on farms where the source of power generation and the location of 
use of that power are closer. 
 
Finally, all of these demands for finding the right amount of wind and finding the right 
roughness factors means that the most efficient windmill, in terms of how much wind can 
be converted into usable electricity, is only 50%, with a theoretical upper limit of 
efficiency of 59%.34  In other words, only half the wind that hits the windmill can be 
converted to usable electricity. The larger three-blade wind turbine only has a maximum 
efficiency of 45%.35  Some work is underway to readjust blade sizes to attempt to 
increase efficiency. 
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 3. Will it work in Colorado? 
At present, Xcel Energy has one wind farm in Ponnequin, Colorado, near the Colorado-
Wyoming border, and has another farm planned for Peetz, Colorado, also near the 
Colorado-Wyoming border.36 
 
Considering all legal factors and wind requirement factors, about 17% of Colorado is 
viable for wind energy development.37  If this land was used to full potential, it could 
produce 461 million megawatt hours of electricity per year.38   
 
Because of the long-term variability of the weather and wind speeds, it can never be 
known if adequate wind will occur throughout the lifetime of the wind turbine to allow 
for full potential.  Projections for something as variable as the weather can never be 
certain.  The Traverse City Light and Power installed a large wind generation farm in 
1996 but wind speeds have fallen below projections and the plant has only been able to 
produce 67 percent of the electricity that had been projected.39   
 
Moreover, due to technological flaws in the blade structure wind towers cannot often be 
used during peak energy demands when the weather is severe in the summer or winter.40 
Thus, wind power cannot currently be relied on for baseload electricity generation 
(continuous electricity generation). 

4. Environmental Problems  
An environmental problem of wind power is the massive amount of land it requires.  
Approximately 4 watts of electricity can be generated from 10.764 square feet of land 
area.41  This is 30 to 200 times more space required than for natural gas plants to generate 
the same amount of power.42  Wind turbines obstruct the visual landscape at the wind 
farm site.  In addition, the wires to transport the power and the turbines involve the 
digging of otherwise undeveloped land. 
 

B. Solar Power 

1. Technology Overview 
Solar power collects the sunrays and converts them into electrical power.  The most 
common type of solar power is the photovoltaic (PV) solar cell. 
 
PVs convert the light they collect from the sun directly into electricity, creating an 
electric current that can either be immediately consumed or stored in a battery.43  The 
single PV cell is about 10 centimeters in size and generates about 1 watt of power, which 
is “enough to power a watch, but not enough to run a radio.”44  The PVs are not often 
found in single units but are more typically found in modules, a grouping of 40 of the 10 
centimeter PV cells.  A PV module can produce electricity to power a small light bulb.45  
The modules can be combined into groups of ten to form solar arrays.  Ten to twenty PV 
arrays can power a single household, but for larger electrical needs, such as industrial 
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 factories, hundreds of arrays need to be connected to generate enough power.46   Ten 
acres of arrays are needed per megawatt of installed capacity.47 
 
PVs have two ways that they can collect the solar power.  The flat-plate PVs are tilted in 
various directions to collect the most sun possible. The amount collected is measured in 
“global solar radiation”.  The second type of PVs is a type designed to direct beams via 
lenses into the solar panel, the so-called concentrated solar panel.  Estimates show the 
two types generate the same amount of electricity.  However, the concentrated PVs 
produce more electricity per square meter because they are able to direct the sun more 
efficiently into the panel.48 

2. Technological Problems 
The largest drawback of solar technology is the need to have a large amount of solar cells 
to generate ample power, it takes 10 to 20 arrays of solar panels, consuming 
approximately a quarter to half a mile of land, to electrify just one home.  Solar power 
however does work well on a small scale, such as operating small water pumps on rural 
farms or powering calculators.49 
 
As with wind power, another concern with solar power is availability of the natural 
resource.  The sun does not shine strongly enough in some areas long enough to allow 
sufficient amounts of power to be collected.   
 
During the periods of no or little available sun, and low reserves of power, backup power 
plants – often natural gas plants – have to be used.  Alternatively, solar (and wind) plants 
can be built as supplemental plants to coal or natural gas.  That is, the solar or wind plants 
can be used on sunny (or windy) days instead of coal or natural gas plants.  Either way, 
the utility must build two power plants (a solar and a coal, for example) instead of one 
(for example, just a coal plant). 
 
If a back up plant is built (for example, a natural gas or coal power plant), it can only be 
used as a backup; it cannot be used at the same time as the main power plant (in this case, 
a solar power plant).  If it were used at the same time, then it would quite likely not be 
available when the solar power plant failed or was unable to work. 

3. Will it work in Colorado? 
The concentrated solar panel has good potential in the southern portion of Colorado50.  
However, a goodly amount of land would be required by solar farms: about 150 acres of 
Colorado would be required to help generate part of the power needs for about 6,180 
homes.51  Placing solar panels on every home is simply not an option for many homes 
that are not located in ideal solar collection locations.  Without being in an ideal solar 
collection location, barely enough power could be collected to electrify a light bulb. 
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 4.  Environmental Problems 
Most of the environmental problems with solar closely mimic those of wind power.  Like 
wind, solar requires vast amounts of land.  Solar panels require five to ten acres per 
megawatt of installed capacity52 which is approximately half a mile (linear) of solar 
panels per home fully electrified by solar.   This land destruction is far greater than the 
land destruction caused by traditional technologies for the same amount of electricity 
produced. 
 

C. Bioenergy/Biomass Technology 

1. Technology Overview 
Bioenergy is the burning of natural waste to create energy in a process very similar to the 
process for coal and natural gas.53  This natural waste, or biomass, can include everything 
from trees, grasses, agricultural crop residues, forestry residues, to plant waste.54 

2. Technological Problems 
There are few technological problems with biomass, because it is similar to current, and 
well-developed, technologies. 
 
Of concern however, is the cost of collecting this waste.  The reason is that waste is 
spread out through many locations, instead of being concentrated in one location, such as 
a coal mine.  This makes finding the waste difficult.  Agriculture waste, which is the 
unusable parts of wheat and corn crops, has an enormous collection cost, because the 
waste tends to blow away easily. Thus agriculture waste is not the choice waste for 
biomass generation.  Other biomass, such as wood waste, has become more popular as it 
has less technological collection costs, because it tends to be collected in more central 
locations than agricultural waste.55 
 
One solution to the waste being spread about is converting farms currently used to 
produce food in to waste generators.  Another alternative would be to convert remote 
deserts into waste producers, by planting desert friendly plants to grow for waste.   

3. Will it work in Colorado? 
Estimates show that biomass in Colorado could fully generate enough power for 43 
percent of Colorado homes, approximately 521,000 homes.56  Because of the similarity to 
other technologies, implementation may be a bit easier, and the ability of land might be 
easier as well, as a factory requires less room than a massive solar or wind farm. 

4. Environmental Problems of Biomass 
The major environmental concern is not what is emitted but rather the impact on the 
environment.  In order to use biomass, trees and other natural resources must be cut down 
or converted to generate sufficient fuel. This would require changing the ecosystems of 
the land.57 
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VII. The Economic (In)efficiency of Renewable 
Energies 

A.  The Impact of Subsidies 
 
The main problem with judging economic efficiency is that the true costs of renewable 
energy are hidden by energy subsidies.58  On the federal level, these include tax credits 
for various stages of wind and solar farm development.  The most important federal 
subsidies are59:  
 

• A 1.7 cent per kilowatt hour federal tax credit for operation of a pre-2001 wind 
power plant during the first 10 years of operation 

• A 10 percent federal tax credit for electricity-generating solar technologies 
• A five-year accelerated depreciation for some types of renewable energies  

 
On the state level, there are also policies that hide the cost of renewable energies.  These 
include: 
 

• Price caps enforced by the Public Utilities Commission 
• Subsidies from various local governments (which will be discussed in more depth 

in Section VIII.B.) 
 
Because the cost is hidden, renewable energies appear to be more competitive with 
traditional technologies.  As noted by Christine Real de Azua of the Wind Energy 
Association, renewable energy “was still not competitive enough [as of 1998] to win all-
source bids from utilities in the absence of policies that either created a steady assured 
market for renewable energy, ensured that is environmental attributes were adequately 
captured and valued in the marketplace.”60 
 

B. What low cost alternative? 
 
Despite these subsidies, staggering cost differences occur between renewable and non-
renewable energies.  Estimates from the Department of Energy show that wind, solar 
PVs, and bioenergy do increase the cost of energy.  These costs are to some extent shown 
in Table 1.  The table shows levelized costs (costs adjusted for subsidies) and thus do not 
reflect the real price of these technologies.  Furthermore, these prices in the table are not 
adjusted for transmission costs, which can be massive for wind and solar power, as noted 
above.  Therefore, this table only begins to suggest the real costs associated with 
renewable energy. 
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 In addition, the numbers in Table 1 should be compared to the non-levelized cost of the 
most popular new electricity source, natural gas, which is 3 cents per kilowatt-hour.61 
 

Levelized Cost of Energy, Measured in Cents/KwH 
Technology Cost in 2000 Cost in 2010 
Wind Power 3.4-4.3 2.5-3.1 
Solar Pvs 24.4-29.7 8.1-17.0 

Bioenergy/Biomass 6.7-7.5 6.1-7.0 

Natural Gas, Non-Levelized Cost in Cents/KwH 
Natural Gas 3   

 
Table 1: Office of Utility Technologies, Energy Efficiency and Renewable Energy 
Network, Department of Energy,  "Renewable Energy Technology Characterizations", 
TR-109496, December 1997, page 7-3.  
 

C. Prices Will NOT Fall Over Time 
 
Many like to think that as more areas become developed into wind farms, the price of 
wind energy or solar energy will start to decrease.  Because of the levelization of costs in 
the table above prices seem to be decreasing in the long term.   
 
Prices will not fall over time due to the fact that the largest contributor to production 
costs, location problems, face several problems.  The first locations to be developed will 
be those ideal locations where land conditions and nearby transmission capacity 
maximize the efficiency of the technology.  These super ideal locations will allow the 
renewable technology to work at maximum efficiency, producing energy at prices similar 
to those in Table 1.   
 
As those locations are used, less efficient locations will have to be used.  The less ideal a 
location the more production costs will arise so that the location can be properly altered 
to reach the same efficiency as the first highly efficacy locations.62   
 
If the technology improved this could potentially reduce production costs for the less 
ideal locations.  However current policies, as will be discussed in Section VIII, restrict 
such innovation. 
 

D. Capital Costs: Keep Going Up and Up and Up 
 
By far the worst economic problem with renewable energies is their tremendous capital 
costs, as items with high capital costs are a considerably riskier investment.  The PVs 
have the highest capital cost of approximately $4,252 per installed kilowatt hour, 
biomass/bioenergy has the second highest at $1,723 per installed kilowatt hour, wind 
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 ranks in at $983 per kilowatt hour, natural gas has a capital cost of $445 to $467 and 
coal has a capital cost of $1,092.63 
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Graph 7: Capital Costs per installed kilowatt hour, Source: "Assumptions to the Annual Energy Outlook 2001," Energy 
Information Administration, DEA/EIA-0554 (2001), 69. 

 
 
Some people argue that the enormous capital costs for renewable energies will be 
reduced when there is increased capacity, as the increased capacity would increase the 
amount of purchasers.  However this is not the case for renewable energy: the capital 
costs increase linearly as capacity increases.64  In other words, the price of renewable 
energies will actually continue to increase as the number of renewable energy plants 
increase.  This is because while renewable energy (like coal) has high capital costs 
suitable for baseload production, they are not capable of baseload generation, because 
they are intermittent technologies (only usable when the weather is right).65  If capital 
costs were reflective of wind (or biomasses) ability to be used for baseload generation, 
the capital costs for the renewable technologies would decrease. 
 

E. Is Wind the Most Price Competitive? 
 
Most policy efforts in Colorado have been directed toward the promotion of wind energy.  
Many proponents of renewable energy claim that wind is the renewable energy most 
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 likely to compete with traditional energy sources.66  This forces the question: is it the 
most competitive in terms of price? 

1. Transmission Costs: 1.5¢ per KwH 
There are a tremendous amount of transmission costs involved with wind power: the 
transporting of the energy from the remote generation source to the electricity consuming 
population.  In Colorado, the wind power has to get from the Peetz wind farm, near the 
Wyoming-Border, to primarily the Denver area.67  While no studies have been done to 
measure the exact transmission costs of the Peetz wind farm, broad scoped studies 
focusing on generic wind farms in the United States suggest that these transmission costs 
add approximately 1.5 cents per kilowatt hour.68 

2. Ancillary Costs: 1¢ per KwH 
In a culture highly dependent on electricity, the idea of electricity that fluctuates between 
working and not working seems absurd.  However, this fluctuation is what wind energy 
provides; when the wind stops blowing, the wind turbines stop collecting that wind and 
converting it to energy.  Because of the instability of electricity provided by wind and 
solar, these energies are not suitable for baseload generation of electricity.69   
 
This is also the reason that wind farms (and solar panel farms) have ancillary energy 
sources, often in the form of a natural gas plant.  When the solar or wind plant is not in 
operation, the backup natural gas plant generates an equal amount of power.  The plant 
cannot be operated at other times because then it would not be available when the wind 
power stopped generating power.  The cost of maintaining the backup plant per each 
kilowatt-hour of electricity is estimated to be roughly 1 cent per kWh in addition to the 
base production cost.70  
 

3. The Levelized Cost Plus Transmission and Ancillary Costs 
In Table 1 the levelized price of wind was 3.4-4.3 cents per kilowatt-hour.  It is assumed 
for sake of argument that the levelized cost is the cost with subsidies to remove the 
transmission costs and ancillary costs.  To obtain the total price of wind, the price in 
Table 1 will be combined with the transmission and ancillary costs.  When these are 
combined, wind power costs approximately 5.9 to 6.8 kilowatts per hour more than the 
fuel-based technologies.  And because of the decreasing numbers of those ideal sites over 
time, the costs will more than likely increase in the long term. 
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Graph 8:  Levelized Cost versus Real Cost of Wind Power, derived from above 
discussion and Table 1. 
 

4. Windsource: Wind Farms in Action 
Windsource is a program run by Xcel Energy that sells blocks of wind power to volunteer 
customers.  In order to partake in this program, customers pay $2.50 per 100 KwH block, 
an average of $15 per customer, in addition to their current electrical bill each month.71  
This demonstrates that wind power costs more than the fuel based technologies.  (Please 
see Section VII.C. for more on Windsource.) 

5. The cost of solar and biomass? 
Solar and biomass have prices so high at the levelized cost (see Table 1) that even the 
greenest economist does not foresee these technologies becoming competitive in the near 
future. 
 

F. Conclusion 
Renewable energies are not cheap.  The heavily subsidized cost hides the real numbers 
from investors and customers.  However, the real cost is far from competitive with fuel 
based technologies. 
 
Despite these enormous costs, and in many ways in order to hide these enormous costs, 
several policies have been implemented to encourage the use of renewable energy power.  
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VIII. The Quest to Get Green (Strategies Promoting 
Renewable Energies and Analysis) 
 
There are three categories of policies: command and control, green power purchasing, 
and market solutions.  Command and control will increases the cost of energy, while 
green power purchasing promotes an inefficient energy.  Market solutions promote 
efficiency of renewable energy. 
 

A. Command and Control 
 
Command and control regulation is when the government commands that something 
occur and controls that it occurs.  These policies have become famous not just in Soviet 
Russia, but also in the minds of utopian renewable energy advocates. 
 

1. Renewable Energy Quotas/Renewable Energy Portfolio Standards 
The most popular command and control regulation in regards to renewable energies is the 
renewable energy portfolio standards – a quota that requires a specific percentage of 
renewable energy is a part of the total energy generated.  The Sierra Club for instance has 
supported a twenty percent renewable portfolio standard, which they claim would not 
only increase the amount of renewable energies in a cost effective manner but would also 
have vast economic benefits.72  The Sierra Club’s arguments are incorrect. 
 
i. Quotas in Other States 
Currently 14 states, not including Colorado, have implemented renewable energy quota 
policies.73  These quotas range from 1% in Arizona to 30% in Maine.74  In Florida, where 
the portfolio is 7.5%, the electric utility is having trouble increasing the use of renewable 
energies to that amount.75  
 
ii  Problems With Quotas 
Quotas would add too much cost, especially if high percentages are mandated.  A twenty 
percent renewable energy quota would, according to the Energy Information Agency 
(EIA), increase the price of electricity by 3 percent in 2010 and 4 percent by 2020.76   
 
Second, the EIA has shown that pushing energy companies to reach these high levels of 
renewable energies will require the companies to endure higher costs.  To recover higher 
costs of going to 10 percent quota by 2012 would require eight years of recovery through 
credit sales.77  In other words, energy companies would have to charge customers more 
for electricity with a renewable energy quota; the companies may charge a lot more than 
that 3 to 4 percent. 
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 Third, the EIA has projected that a 20% renewable energy requirement could not be met 
by 2020.  Without a mandate, by 2020 there will be 12% worth of renewable energies in 
the portfolio.78  This 12% will occur naturally from market demand.  The full 20% cannot 
be achieved naturally because there is not enough time for developers to regain their 
investment of capital costs.79  It takes a longer period of time to regain capital costs with 
the renewable energies simply because of the newness of the technology; the more a 
technology is developed, the lower the initial capital cost, as is the case with natural gas.  
Because of the price cap in Colorado, this is not much of an issue because if the energy 
companies pass the capital cost on to the customer; energy bills will increase. 
 
Fourth, a mandate this would do little to reduce emissions of nitrogen oxides and sulfur 
dioxide.  As seen in the table below, without the quota, by 2010 Nitrogen Oxides and 
Sulfur Dioxides will be the same regardless of quota, and by 2020 only a small difference 
in pollution. 
 

  2010   2020  

Polluter 
No 
Quota 

10% 
Quota 

20% 
Quota 

No 
Quota 

10% 
Quota 

20% 
Quota 

Nitrogen Oxides 4.0 4.0 4.0 4.2 4.1 4.1 
Sulfur Dioxides 9.7 9.7 9.7 8.9 9.0 8.9 

Table 2: “Impacts of a 10-Percent Renewable Portfolio Standard”, Energy Information Agency, 
Department of Energy, SR/OIAF/2002-03, February 2002, 30. 
 
The EIA’s report was in reference to a national renewable energy portfolio.  There is no 
reason to believe that its conclusions are not applicable to Colorado. 
 

2. IRP 
Under Associated Rule 723-21 Integrated Resource Plan (IRP), of the Colorado Public 
Utilities Commission, the Colorado’s government is a quick step away from 
implementing renewable energy quotas.  The IRP was enacted to allow the PUC to plan 
and structure the energy sale and generation over a five-year period, specifically giving 
the PUC the power to provide an “assessment of [the] need for additional supply-side 
resources”, such as power plants.80  Decisions are made through a bidding process 
whereby various plans offered by energy producers are assessed by the PUC, resulting in 
electricity plan for the next five years. 
 
Because of the provision within the IRP requiring the PUC to decide on the final 
electricity generation for Colorado, the IRP statute could easily be changed by the 
legislature to require that the PUC require that a certain percentage of the energy 
generation plan be renewable energies.  This plan is almost identical to the quota, the 
only difference being that this quota is implemented by altering existing electricity 
planning law.   
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 Because of the similarity of this use of IRP to the quota proposal, the arguments against 
using the IRP to mandate renewable energies are the same. First, it will increase the cost 
of the electricity.  Second, the quota requirement will not decrease pollution.  Finally, the 
cost incurred by the energy company, and the customers, will be large. 
 

B. Green Power Purchasing/Green Pricing 

1. What is it? 
Green power purchasing is when the governments purchases power for the citizens and 
businesses within their jurisdiction.  Green power purchasing has been tried in a handful 
of locations across Colorado.  One of the largest green power purchasing programs is the 
Community Office for Resource Efficiency (CORE) in Aspen, Colorado.  The Aspen 
CORE program has installed PVs (photovoltaic solar panels) at some of the local public 
high schools and middle schools.  The power collected by these PVs is directed into the 
electricity grid of the community.81   
 
In addition to the grid programs, CORE has started a Wind Power Pioneers Program, to 
encourage businesses and local governments, via subsidies in the Aspen area, to purchase 
power partially from wind.82  CORE also encourages the purchasing of grid-connected 
solar power via “solar production incentives.”  This solar power then is installed on the 
customers’ homes and then produces power for the community.  Those in the program 
receive 25 cents per kilowatt-hour they produce, and can receive no more than $1,000 per 
year in this program.83 
 

2. Does it Work? 
This program is a subsidy: it gives money to customers to promote renewable energies.  
Yet it is more than a subsidy because it requires the government purchase power for 
citizens and connect that power to the grid. 
 
The extra money offered to the purchasers, by the subsidy, becomes the selling feature 
instead of the efficiency of the technology.  That is to say, if a customer is offered the 
chance at money, he will readily take that money instead of trying to find highly efficient 
or cost effective products that consumers would seek if not for the subsidy.  
 
Placing of solar panels on public buildings will also add cost to the electricity from the 
grid.  In Florida where there is a similar program, the electric utility is facing costs of 
renewable energies ten times higher than traditional energies because of green power 
purchasing; this cost is passed on to customers.84 
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 C. Market Based Solutions/Windsource 

1. What is it? 
Market based policies require considerably less government involvement than the power 
purchasing and command and control regulations. 
 
One such market program is Windsource, operated by Xcel Energy.  Windsource sells 
blocks of wind energy to customers.  The blocks are 100 kilowatt-hours of electricity and 
cost $2.50 a month in addition to other electricity bill costs.85  Given an average use of 
electricity of 600 kilowatt-hours of electricity per customer, customers pay $15 extra a 
month to have wind power.  Approximately 15,000 home customers and 250 businesses 
have asked to receive all or part of their electricity package through wind power blocks 
from Windsource.86  
 
Windsource creates a market for renewable energy by encouraging Xcel Energy to sell 
renewable energies as an alternative to coal and natural gas. 
 

2. Does it work? 
As evinced by the number of customers signing up, Windsource has been somewhat 
successful.  These numbers suggest that some people do want renewable energies.   
 
Second, this program is innocuous, as customers choose whether to use traditional 
technologies or pay more to convert to the renewable technologies. 
 

3. Limitations 
Windsource is currently hindered by proposed quotas and the current IRP policies 
because both would require the government, and not the customers, make the choice as to 
which technologies are more best for them.   In the case of the IRP, the PUC currently 
decides whether or not Xcel Energy can build the wind power plants and/or purchase 
wind power plants, instead of having customers decide by demanding more or less 
renewable energies in the market. 
 
Obviously, Windsource does cost more; however the entire cost of wind power, shown 
earlier to be 6.8 cents per one kilowatt hour, is not reflected in the block price of $2.50 
for 100 kilowatt-hours of wind power, as that $2.50 should be closer $6.80.   If were 
priced at this level, Xcel Energy would not sell so many customers.  If Xcel Energy did 
wish to reach these customers, Xcel would have to increase the efficiency of wind power 
in order to reduce the cost from $6.80 per block to a more sellable price. 
 
Finally, there is the issue of capital costs.  Right now, Colorado utilities have guaranteed 
return on investment due to the monopoly powers granted to Xcel Energy and other 
Colorado energy companies.  If these laws were removed, no further renewable energy 
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 plants and farms would be built until they become economically efficient and see costs 
decreased.87  These capital costs are not expected to decrease. 
 

D. Summary of Policy Choices 
 

§ Quotas increase the price of renewable energy by adding production costs for the 
energy producer. 

 
§ Green power purchasing subsidies than encourage the addition of inefficient 

technologies to the grid. 
 

§ Market strategies allow customers to decide if they want to pay the extra costs for 
renewable energy. 

 

Conclusion 
 
Colorado’s main energy consumed is coal.  Many renewable energy lobby groups claim 
that this situation will lead to several health and environmental problems.  In fact, most 
pollutants are decreasing. 
 
The pro-renewable lobbies argue that renewable energies are more efficient than natural 
gas and coal.  This too is an unsubstantiated claim.   
 
Wind power and solar power are subject to the availability of wind and the sun. 
Attempting to get the power collected from the wind and solar farms to the consumers 
requires an elaborate transmission system, which leads to additional costs of electricity. 
Furthermore, because of the lack of availability of wind and solar, there is a need for 
ancillary power plants to be installed to act as an auxiliary power source in case the sun 
or wind fails to generate sufficient power levels. 
 
All renewable technologies add costs to the electricity bill.  Wind for example adds about 
6.5 cents per kilowatt-hour extra when transmission costs and ancillary service costs are 
included.  Renewable energies are not a low cost alternative. 
 
Renewable energies still remain politically popular, however, and therefore there are 
numerous policies either enacted or proposed to increase the amount of renewable 
energies used.  These policies range from government mandating renewable energy use, 
to government purchasing renewable energies, to market strategies to sell renewable 
energies.  The market strategies are the best, as this policy will have the most chance at 
increasing the effectiveness of renewable energies. 



 
 
 

 
 
 

22

 

ENDNOTES 
                                                
1 “Electric Utility Use of Energy in Colorado, 1999”, Energy Information Administration, Department of 
Energy, http://www.eia.doe.gov/emeu/sep/co/euug.html. 

2 “Clean Energy Future”, Colorado Public Interest Research Group, 
http://copirg.org/CO.asp?id2=2274&id3=CO&, June 2002. 

3 Marianne Zugel, “Clean Energy Solutions”, Colorado Public Interest Research Group, February 2002, 9. 

4 Ibid., 16. 

5 “The Annual Energy Outlook 2002 with Projections to 2020” can be obtained in full on-line at 
http://www.eia.doe.gov/oiaf/aeo/index.html. 

6 “International Energy Outlook 2002”, Energy Information Administration, Department of Energy, 
DOE/EIA-0484(2002), 26 March 2002, 69. 

7 Ibid., 70. 

8 Ibid., 71-72. 

9 "Coal Reserves", Energy Information Sheets, Energy Information Agency, 
http://www.eia.doe.gov/neic/infosheets/coalreserves.htm 

10 “International Energy Outlook 2002”, Energy Information Administration, Department of Energy, 
DOE/EIA-0484(2002), 26 March 2002, 43. 

11 "Annual Energy Outlook", Energy Information Administration, Department of Energy, DOE/EIA 
0383(2002), 21 December 2001.  

12 “Colorado Air Quality Control Commission: Report to the Public 2000-2001”, Colorado Department of 
Public Health and Environment, 1. 

13 "NOx: What is it?  Where does it come from?", U.S. Environmental Protection Agency, 
http://www.epa.gov/air/urbanair/nox/what.html. 

14 "SO2: What is it  Where does it come from?", U.S. Environmental Protection Agency, 
http://www.epa.gov/air/urbanair/so2/what1.html. 

15 “Annual Energy Outlook 2002”, Energy Information Administration, Department of Energy, 
http://www.eia.doe.gov/oiaf/aeo/emission.html. 

16 "Electricity from Natural Gas", U.S. Environmental Protection Agency, 
http://www.epa.gov/cleanenergy/impacts/natgas.htm. 

17 “Colorado Air Quality Control Commission: Report to the Public 2000-2001”, Colorado Department of 
Public Health and Environment, 1. 

18 “Latest Findings on National Air Quality: 2000 Statutes and Trends”, Office of Air Quality Planning 
and Standards, US Environmental Protection Agency, EPA 454/K-01-002, September 2001, 6, 10, 11, 14-
15. 

19 Robert L. Bradley, Jr., “The Increasing Sustainability of Conventional Energy”, Cato Policy Analysis 
No. 341, 22 April 1999, 9.  Available on-line: http://www.cato.org/pubs/pas/pa-341es.html. 

20 “Impacts of a 10-Percent Renewable Portfolio Standard”, Energy Information Agency, Department of 
Energy, SR/OIAF/2002-03, February 2002, 30. 

21 Ibid. 



 
 
 

 
 
 

23

                                                                                                                                             
22 “Wind Energy Technologies Overview”, Energy Efficiency and Renewable energy Network, 
Department of Energy, http://www.eren.doe.gov/RE/wind_technologies.html. 

23 “Wind Turbines: Horizontal or Vertical Axis?”, WindPower.org, Danish Wind Industry Association, 17 
April 2002, http://www.windpower.org/tour/design/horver.htm. 

24 “A Wind Energy Pioneer: Charles F. Brush”, WindPower.org, Danish Wind Industry Association, 17 
April 2002, http://www.windpower.org/pictures/brush.htm. 

25 “Wind Turbines: Horizontal or Vertical Axis?”, WindPower.org, Danish Wind Industry Association, 17 
April 2002, http://www.windpower.org/tour/design/horver.htm. 

26 Ibid. 

27 “The Energy in the Wind: Air Density and Rotor Area”. WindPower.org, Danish Wind Industry 
Association, 17 April 2002, http://www.windpower.org/tour/wres/enerwind.htm. 

28 Ibid. 

29 “Roughness and Wind Shear”, WindPower.org, Danish Wind Industry Association, 17 April 2002, 
http://www.windpower.org/tour/wres/shear.htm. 

30 For a sample of a Wind Resource Map, please refer to 
http://maps.nrel.gov/images/Ressource%20Maps/windres.jpg. 

31 “Turbulence”, WindPower.org, Danish Wind Industry Association, 17 April 2002, 
http://www.windpower.org/tour/wres/turb.htm. 

32 “Roughness and Wind Shear”, WindPower.org, Danish Wind Industry Association, 17 April 2002, 
http://www.windpower.org/tour/wres/shear.htm. 

33 “Wind Energy Reference Manuel Part 1: Wind Energy Concepts”, WindPower.org, Danish Wind 
Industry Association, 17 April 2002, http://www.windpower.org/stat/unitsw.htm. 

34 Howard C. Hayden, The Solar Fraud: Why Solar Energy Won't Run the World, (Pueblo West, CO: 
Vales Lake Publishing, LLC, 2001), 34. 

35 Ibid. 

36 Steve Raabe, “Two Colorado Utilities Near Top of ‘Green’ List”, Denver Post, 26 September 2001, 
accessed on-line 20 November 2001 via DenverPost.com. 

37 “Colorado Wind Resources”, Energy Efficiency and Renewable Energy Network, Department of 
Energy, http://www.eren.doe.gov/state_energy/tech_wind.cfm?state=CO. 

38 Ibid. 

39 Jerry Taylor and Peter VanDoren, “Evaluating the Case for Renewable Energy: Is Government Support 
Warranted?”, Cato Institute Policy Analysis No. 422, 10 January 2002, 5.  Available on-line: 
http://www.cato.org/pubs/pas/pa-422es.html. 

40 Michael Eberling, “Energy Answer is Not Blowing in the Wind”, Heartland Institute, June 2002, 
http://www.heartland.org/environment/jul02/wind.htm. 

41 Howard C. Hayden, The Solar Fraud: Why Solar Energy Won't Run the World, (PUEBLO WEST, CO: 
Vales Lake Publishing, LLC, 2001), 119. 

42 “Colorado Wind Resources”, Energy Efficiency and Renewable Energy Network, Department of 
Energy, http://www.eren.doe.gov/state_energy/tech_wind.cfm?state=CO. 

43 “Photovoltaics”, Energy Efficiency and Renewable Energy Network, Department of Energy, 
http://www.eren.doe.gov/state_energy/technology_overview.cfm?techid=1. 



 
 
 

 
 
 

24

                                                                                                                                             
44 Ibid. 

45 Ibid. 

46 Ibid. 

47 Robert L. Bradley Jr.,  “Renewable Energy: Why Renewable Energy is Not Cheap and Not Green”, 
National Center for Policy Analysis, http://www.ncpa.org/studies/renew/renew4b.html. 

48 “Photovoltaics”, Energy Efficiency and Renewable Energy Network, Department of Energy, 
http://www.eren.doe.gov/state_energy/technology_overview.cfm?techid=1. 

49 Howard C. Hayden, The Solar Fraud: Why Solar Energy Won't Run the World, (PUEBLO WEST, CO: 
Vales Lake Publishing, LLC, 2001), 1. 

50 “Colorado Solar Resources”, Energy Efficiency and Renewable Energy Network, Department of 
Energy, http://www.eren.doe.gov/state_energy/tech_solar.cfm?state=CO. 

51 Ibid. 

52 Robert L. Bradley Jr.,  “Renewable Energy: Why Renewable Energy is Not Cheap and Not Green”, 
National Center for Policy Analysis, http://www.ncpa.org/studies/renew/renew4b.html. 

53 “Biopower Basics: Electricity from Biomass/Technologies at Work”, Energy Efficiency and Renewable 
Energy Network, Department of Energy, http://www.eren.doe.gov/biopower/basics/ba_efb.htm. 

54 “Colorado Bioenergy Resources”, Energy Efficiency and Renewable Energy Network, Department of 
Energy, http://www.eren.doe.gov/state_energy/tech_biomass.cfm?state=CO. 

55 Ibid. 

56 Ibid. 

57 Howard C. Hayden, The Solar Fraud: Why Solar Energy Won't Run the World, (PUEBLO WEST, CO: 
Vales Lake Publishing, LLC, 2001), 100. 

58 Jerry Taylor and Peter VanDoren, “Evaluating the Case for Renewable Energy, Is Government Support 
Warranted?”, Cato Policy Analysis No. 422, 10 January 2002, 3. 

59 Ibid. 

60 Christine Real de Azua, “The Future of Wind Energy,” Tulane Environmental Law Journal, 14,  
Summer 2001. 

61 Jerry Taylor and Peter VanDoren, “Evaluating the Case for Renewable Energy, Is Government Support 
Warranted?”, Cato Policy Analysis No. 422, 10 January 2002, 3.  Available on-line: 
http://www.cato.org/pubs/pas/pa-422es.html. 

62 Ibid., 4. 

63 “Assumptions to the Annual Energy Outlook 2001”, Energy Information Administration, DEA/EIA-
0554 (2001), 69. 

64 Jerry Taylor and Peter VanDoren, “Evaluating the Case for Renewable Energy, Is Government Support 
Warranted?”, Cato Policy Analysis No. 422, 10 January 2002, 7. 

65 Ibid. 

66 See for example, “Wind Force 10”, GreenPeace, 
http://a112.g.akamai.net/7/112/1533/2fefb72c7c564e/www.greenpeace.org/~climate/renewables/reports/wi
ndf10.pdf 



 
 
 

 
 
 

25

                                                                                                                                             
67 The Peetz wind plant is operated by Xcel Energy and thus in theory services most if not all of Xcel’s 
Colorado territory. 

68 Joseph F. DeCarolis and David W. Keith, “The Real Cost of Wind Energy”, Science Magazine, 2 
November 2001, Vol. 294, 1000 (in Letters). 

69 Jerry Taylor and Peter VanDoren, “Evaluating the Case for Renewable Energy, Is Government Support 
Warranted?”, Cato Policy Analysis No. 422, 10 January 2002, 5. 

70 Joseph F. DeCarolis and David W. Keith, “The Real Cost of Wind Energy”, Science Magazine, 2 
November 2001, Vol. 294, 1000 (in Letters). 

71 Number derived from numbers provided at “Windsource”, Public Service Company of Colorado/Xcel 
Energy, http://www.psco.com/solutions/windsource.asp. 

72 “Myths vs. Reality About a 20% Renewable Portfolio Standard”, Sierra Club, 
http://www.sierraclub.org/energy/renewables.asp. 

73 John J. Fialka, “Florida Utility Find It’s Not Easy Even Trying to Be Green”, Wall Street Journal, 4 
April 2002, A20. 

74 Ibid. 

75 Ibid. 

76 “Impacts of a 10-Percent Renewable Portfolio Standard”, Energy Information Agency, Department of 
Energy, SR/OIAF/2002-03, February 2002, 31. 

77 “Impacts of a 10-Percent Renewable Portfolio Standard”, Energy Information Agency, Department of 
Energy, SR/OIAF/2002-03, February 2002, 31. 

78 Ibid., 29. 

79 Ibid. 

80 “Electric Integrate Resource Planning Rules”, COPUC 4 CCR 723-21-3.4.3. 

81 “Implementation, Communication Education and Outreach, Energy and Resource Policy”, Aspen 
CORE, http://www.aspencore.org/core.htm. 

82 “Wind Power Pioneers”, Aspen CORE, http://www.aspencore.org/Wind/windpioneers.htm. 

83 “Solar Power Pioneers”, Aspen CORE, http://www.aspencore.org/Solar/pioneers.htm. 

84 John J. Fialka, “Florida Utility Find It’s Not Easy Even Trying to Be Green”, Wall Street Journal, 4 
April 2002, A20. 

85 “Windsource”, Xcel Energy/Public Service Company of Colorado, 
http://www.psco.com/solutions/windsource.asp. 

86 Ibid. 

87 Ibid., 6. 


