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Q. PLEASE STATE YOUR NAME AND ADDRESS. 1 

 2 

A. My name is Carl E. Hunt.  My business address is 2542 Pine Street, Boulder, 3 

Colorado, 80302. 4 

 5 

 6 

Q. BY WHOM ARE YOU EMPLOYED AND IN WHAT CAPACITY? 7 

 8 

A. I am employed by Carl Ellis Hunt as an Economic Consultant.  I am testifying on 9 

behalf of Interwest Energy Alliance in this docket. 10 

 11 

 12 

Q. PLEASE GIVE A BRIEF DESCRIPTION OF YOUR EDUCATION AND 13 

QUALIFICATIONS. 14 

 15 
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A. I received a Ph.D. in economics from the University of Colorado at Boulder with a 1 

major field in industrial organization and public utility regulation.  I have more 2 

than 25 years experience in public utility regulation.  I worked at the Federal 3 

Communications Commission (FCC) as an Industry Economist for approximately 4 

two years.  I was Chief Economist for the Colorado Public Utilities Commission 5 

(PUC) for ten years.  I have been an independent consultant since February 6 

1991.  During this time I have been involved in a large number of projects relating 7 

to public utility regulation in the areas of telecommunications, energy and water. 8 

 9 

In addition, I was Chairman of the National Association of Regulatory Utility 10 

Commissioners’ (NARUC) subcommittee on Economics and Finance and I have 11 

taught several courses that include public utility regulation in undergraduate and 12 

graduate programs as well as for NARUC and the National Regulatory Research 13 

Institute. 14 

 15 

 I have prepared and supervised a number of studies pertaining to issues in the 16 

area of public utility regulation.  I have published a number of articles and 17 

monographs pertaining to public utility regulation and also have been involved in 18 

numerous public utility rate cases, inquiries, court cases, legislative action and 19 

public policy decisions. 20 

 21 

 I have attached a copy of my background and qualifications as Appendix A. 22 

 23 
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 1 

 2 

Q. WHAT IS THE PURPOSE OF YOUR TESTIMONY? 3 

 4 

A. The purpose of my testimony is to determine the consumer benefits, if any, that 5 

result from displacement of combined-cycle natural gas turbine plants (CCGT) by 6 

electric power generation from wind resources.  I measure consumer benefits in 7 

terms of dollars saved.  To accomplish this task, I developed a model to compare 8 

costs of electric power generation from each of those resources.   9 

 10 

 I compared the costs of generating electric power from CCGTs and wind 11 

resources using two different prices for wind energy and a conservative natural 12 

gas price forecast.  I ran two different versions of the model.  One version looked 13 

at Public Service Company of Colorado’s (PSCo) solicitation of 800 MW of wind 14 

power between 2010 and 2015.  My analysis spanned the decade of 2010 to 15 

2020.  The second version looked at the marginal gain or loss of a 100 MW of 16 

additional wind power on PSCo’s system to displace electric power generated 17 

from a CCGT over that same decade.  In each instance, I found that electric 18 

power generation produced by wind energy had a cost advantage over CCGTs 19 

when environmental considerations were taken into account. 20 

 21 

 As a result, consumers will benefit from a greater reliance on wind resources.  22 

Given the outcome of my analysis, I recommend that PSCo extend its reliance on 23 
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wind power beyond that required by 40-2-123(1) C.R.S.  Not only will consumers 1 

benefit by additional reliance on wind power but the environment also will benefit 2 

through a reduction in the emission of greenhouse gases. 3 

 4 

 5 

Q. DID YOU EXPLICITLY LOOK AT PSCO’S PREFERRED RESOURCES PLAN? 6 

 7 

A. Yes.  As I understand PSCo’s preferred resource plan, PSCo intends to solicit 8 

bids to purchase 800 MW of wind power between 2010 and 2015.  It intends to 9 

purchase 100 MW each year between 2010 and 2013.  It will purchase an 10 

additional 200 MW in each of the two remaining years for a total of 800 MW. 11 

 12 

 The basic structure of the model I used to analyze PSCo’s preferred wind 13 

resource plan was developed in August, 2006 by Jane E. Pater and Ron Binz for 14 

Interwest Energy Alliance, “Wind on the Public Service Company of Colorado 15 

System: Cost Comparison to Natural Gas” (see www.interwest.org/backcast.htm).  I 16 

examined the cost differences between wind energy resources and electric 17 

power produced by CCGTs between the years 2010 and 2020.  I ran the model 18 

using two different prices for wind energy and PSCo’s forecast for natural gas 19 

prices.  The assumptions are shown in CEH Exhibit 1, which contains amounts of 20 

wind to be acquired from 2010 to 2015 on page one and the sources of the 21 

assumed values on page 2.  CEH Exhibit 2 shows the data from exhibit one to 22 

determine consumer benefits derived from wind power verses CCGTs.  The 23 

http://www.interwest.org/backcast.htm
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results are summarized in the table below.  Each case shows significant 1 

consumer savings over the 10 year period. 2 

CONSUMER BENEFITS OF 800 MW OF WIND POWER COMPARED TO CCGT 3 

 Price of Wind @ $0.061 Per kWh Price of Wind @ $0.041 Per kWh 

Consumer Benefits of Wind $247,617,169 $590,395,969 

 4 

 At a price of 6.1 cents per kWh, wind energy produces consumer benefits when 5 

greenhouse gases are taken into consideration.  However, at 4.1 cents per kWh, 6 

wind energy produces considerable consumer benefits without taking 7 

greenhouse gases into account. 8 

 9 

 10 

Q. WHY DID YOU LOOK ONLY AT A 10 YEAR PERIOD BETWEEN 2010 AND 11 

2020? 12 

 13 

 Forecasting is risky business.  Actually, risky is not the appropriate term to apply 14 

to forecasting.  Uncertainty is a more appropriate term.  The longer the forecast 15 

is the greater are the opportunities for the occurrence of unanticipated events.  16 

Unanticipated events can blow a forecast out of the water.  For instance, in 1999 17 

with crude oil prices hovering around $10.00 a barrel virtually no one would have 18 

made forecasts that included crude oil prices hovering around $100.00 in 2008.  19 

However, due to unforeseen events, crude oil prices now are hovering at or in 20 

excess of $100.00. 21 

 22 
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 As a result of uncertainty, forecasts should be made to extend only as far out as 1 

necessary.  By 2020, we can assess adequately consumer benefits of 2 

substituting wind energy for CCGTs.  Extending the analysis farther into the 3 

future simply subjects the analysis to a greater level of uncertainty without 4 

providing any additional information. 5 

 6 

 7 

Q. YOU MENTIONED MODEL ASSUMPTIONS EARLIER.  WHY ARE THESE 8 

IMPORTANT? 9 

 10 

A. Model assumptions are important because they are the basic drivers of the 11 

model.  If an assumption is changed, model results will change.  Assumptions for 12 

the model I present are shown at Exhibit CEH 1.  The assumptions are fairly 13 

conservative and consistent with the general body of literature and with PSCo’s 14 

application. 15 

 16 

 17 

Q. WHY DID YOU USE A 35 PERCENT WIND CAPACITY FACTOR? 18 

 19 

A. The capacity factor for wind turbines has been increasing rapidly in recent years.  20 

As the average size of wind turbines has increased so has their capacity factor.  21 

According to the Annual Report on U. S. Wind Power Installation, Cost and 22 

Performance Trends: 2006, published by the U. S. Department of Energy, the 23 
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average capacity factor for projects installed in 2004 through 2005 was 36 1 

percent.  The average installed capacity factor is expected to increase to 40 2 

percent.  Because Colorado has a number of prime wind locations, a 35 percent 3 

average installed capacity factor should be achievable.  In addition, PSCo 4 

assumes a 35 percent capacity factor for wind energy in its application. 5 

 6 

 7 

Q. WHY HAVE YOU INCLUDED WIND INTEGRATION COSTS AND 8 

INCREMENTAL TRANSMISSION COSTS IN YOUR STUDY? 9 

 10 

A. I included a wind integration cost of $0.005 per kWh and an incremental 11 

transmission cost of $0.0021 per kWh because these are necessary costs in the 12 

production of wind energy. 13 

 14 

 Any generation plant technology whether it is wind, CCGT or other type of plant 15 

has impacts on the power system.  These costs are separate from costs related 16 

to incremental transmission and need to be taken into account in estimating the 17 

cost of wind energy.  According to the U. S. Department of Energy, wind 18 

integration cost is approximately $5 per MWh.  PSCo states that its studies 19 

indicate that wind integration costs are $4.77 per MWh up to a 15 percent 20 

penetration.    21 

 22 
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 Any new generation plant may require additions to its transmission system.  Wind 1 

developers will bear the cost of adding any radial transmission from their plant to 2 

the transmission grid.  This cost is included in the cost and in the price of wind 3 

energy to consumers.  I did not assume costs for any additions to the 4 

transmission grid itself because Xcel has provided testimony that these costs are 5 

network costs that will be spread to all ratepayers under its interpretation of 6 

SB07-100. 7 

 8 

 PSCo plans to accommodate additional wind power with various additions to the 9 

transmission grid in response to their SB07-100 obligations.  As a result, any 10 

incremental transmission costs for wind projects are likely to be small.  I used the 11 

$0.0021 figure developed by Pater and Binz in their wind study prepared for 12 

Interwest Energy Alliance. 13 

 14 

 15 

Q. WHY DID YOU CHOOSE A PRICE OF WIND OF 6.1 CENTS PER KWH IN 16 

ONE VERSION OF THE MODEL AND 4.1 CENTS PER KWH IN ANOTHER 17 

VERSION OF THE MODEL? 18 

 19 

A. We don’t know what the bid price of wind will be per kWh when PSCo actually 20 

accepts bids for 800 MW of wind power between 2010 and 2015.  As a result, I 21 

used conservative current calculations of the cost of wind energy.  For example, 22 

the National Renewable Energy Laboaratory (NREL) presentation titled Wind 23 
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Powering American, 2006 indicates that the unsubsidized cost of wind energy 1 

was 5 to 8 cents per kWh in 2006.  I accepted this as the unsubsidized cost of 2 

wind per kWh.  Because the price that PSCo will pay includes the subsidy, I 3 

subtracted the PTC of 1.9 cents from a high price of 8 cents per kWh.  This 4 

results in a ceiling price of 6.1 cents per kWh.  The 6.1 cents establishes a critical 5 

upper boundary because if prices rise above this range, consumer benefits may 6 

be eliminated if natural gas costs fall well below the projected range.  However, if 7 

they rise above the projected range, wind prices above 6.1 cents will provide 8 

consumer benefits. 9 

 10 

 I very conservatively established a lower boundary of 4.1 cents.  This is 11 

considerably above NREL’s estimate of 5 cents, less the PTC.  That would 12 

establish a 3.1 cents per kWh price for wind energy.  Most estimates indicate that 13 

wind power will fall below 3.0 cents per kWh by 2010. 14 

 15 

 Prices and costs for wind power have been falling dramatically over the last two 16 

decades.  Between 1982 and 2001 the average cost per kWh of wind generated 17 

electricity fell from 38 cents to 5 cents.  According to the U. S. Department of 18 

Energy, Annual Report on U. S. Wind Power Installation, Cost and Performance 19 

Trends: 2006, published May 2007, the average price of wind power fell to 3.6 20 

cents per kwh in 2006.  However, installed cost per KW reached a nadir in 2005.  21 

As a result of the increase in installed cost in 2006, prices per kWh also 22 

increased in 2006.  It is highly likely that turbine costs and installed costs will 23 
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increase somewhat over the next several years.  The increase in costs may be 1 

offset somewhat by increases in capacity factors and increases in economic 2 

efficiency.  Some forecasts indicate that the price per kWh for wind power could 3 

be as low as 3 cents.  As a result, I consider a range of 4.1 cents to 6.1 cents per 4 

kWh to be reasonable. 5 

 6 

 7 

Q. WHY HAVE YOU COMPARED THE COST OF WIND POWER WITH CCGTs? 8 

 9 

A. Wind power most likely will replace existing or future CCGTs or other less 10 

efficient natural gas plants.  Thus, CCGTs are the most appropriate plants to use 11 

when discussing the viability of wind power.   12 

 13 

 14 

Q. ARE MANY OF THE FACTORS THAT YOU USED TO DEVELOP THE CCGT 15 

COSTS THE SAME AS THOSE USED BY PSCO IN ITS APPLICATION? 16 

 17 

A. Yes.  I used a CCGT capital cost of $766 per KW with a heat rate of 7353.  I 18 

used a capacity factor of 40 percent, a cost of capital of 8 percent and a book life 19 

of 30 years.  In addition I used a CO2 cost of $20 per ton.  PSCo used a 2.5 20 

percent annual escalation factor for the CO2 costs.  I did not include the 21 

escalation factor in my analysis. 22 

 23 
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 I used 8 percent cost of capital based on PSCo’s rate of return of 7.88 percent, 1 

even though I believe that interest rates will be higher during the forecasted 2 

period than in the recent past. 3 

 4 

 5 

Q. WHY DID YOU USE 87.5 MW FOR CCTGTs TO COMPARE TO 100 MW WIND 6 

POWER? 7 

 8 

A. I used an 87.5 MW CCGT to compare to 100 MW wind power to compensate for 9 

the difference in capacity factors.  A CCGT has a capacity factor of 40 percent 10 

and wind power has a capacity factor of 35 percent.  As a result, an 87.5 MW 11 

CCGT at a 40 percent capacity factor will produce the same number of kWh as a 12 

100 MW wind resource.   13 

 14 

 I don’t expect CCGTs to be installed in 87.5 MW increments.  I simply am using it 15 

for comparison purposes. 16 

 17 

 18 

Q. WHAT DID YOU USE FOR THE NATURAL GAS PRICE FORECASTS? 19 

 20 

A. I used PSCo’s natural gas price forecast for the years 2010 through 2020. 21 

 22 

 23 
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Q. HOW MUCH CONFIDENCE DO YOU HAVE IN NATURAL GAS PRICING 1 

FORECASTS? 2 

 3 

A. I have very little confidence in natural gas pricing forecasts.  I don’t say this as a 4 

negative reflection on PSCo’s forecasting but rather as a general statement 5 

about forecasting natural gas prices.  Natural gas prices can be highly volatile.  6 

As a result, the actual price tends to be significantly above or below the 7 

forecasted price for any given year.  Also, natural gas price forecasts tend to 8 

underestimate price increases.  This probably is related to the difficulty of 9 

statistical methods in dealing with volatility and sharp rates of increase.  10 

 11 

CEH Exhibit 3 shows a graph of natural gas prices between 1970 and 2006.  12 

During this period natural gas prices increased 3,665 percent in nominal terms.  13 

This is a strong upward trend.  Between 2000 and 2006 natural gas prices 14 

increased 74 percent.  However, the difference between the low price and the 15 

high price during this period was 149 percent.  Moreover, natural gas prices 16 

increased a sharp 227 percent between 1998 and 2006. 17 

 18 

 Even in the relatively stable decade of the 1980s, where the price only increased 19 

6.2 percent, the difference between the high price and the low price was 67 20 

percent.  As a result, even in relatively stable decades, the price of natural gas is 21 

highly volatile and subject to forecast inaccuracies.   22 

 23 
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 1 

Q. DON’T MOST OFFICIAL U. S. FORECASTS SHOW A DOWNWARD TREND 2 

IN NATURAL GAS PRICES? 3 

 4 

A. Yes.  Most official U. S. forecasts show a downward trend until around 2010 and 5 

then natural gas prices begin to trend upward again.  Because of the statistical 6 

techniques used to forecast natural gas prices, the forecasts do not show the 7 

volatility inherent in natural gas pricing.  Moreover, they most likely 8 

underestimate natural gas price increases. 9 

 10 

 A primary determinant of the price of natural gas is the cost to drill a natural gas 11 

well.  These costs have increased at a rate equal to the price increases in natural 12 

gas.  CEH Exhibit 3 also shows a graph of drilled well cost between 1970 and 13 

2004 and compares these costs to the price of natural gas.  The drilled well costs 14 

have increased 3,112 percent during this period.  Between 1994 and 2004, the 15 

cost to drill a natural gas well increased 195 percent.  Drilled well costs are one 16 

of the prime drivers of natural gas prices and thus, there is little reason to believe 17 

that there won’t be strong upward pressures on natural gas prices.  18 

 19 

 20 

Q. DOES IT MATTER IF NATURAL GAS FORECASTS INCORRECTLY 21 

PROJECT PRICES THAT ARE TOO LOW? 22 

 23 
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A. Yes, it matters to consumers.  If natural gas prices are assumed incorrectly to be 1 

too low, too few renewable resources will be purchased.  The result is that 2 

consumers will pay higher prices for energy due to the higher than anticipated 3 

increase in gas price through the Energy Cost Adjustment.  Under forecasting the 4 

price of natural gas has been a basic planning error that has caused Xcel 5 

customers to suffer from high natural gas prices. 6 

 7 

Greater reliance on the fixed costs associated with wind energy would protect 8 

consumers from forecasting errors and the consequent increase in gas prices 9 

through the Energy Cost Adjustment. 10 

 11 

 12 

Q. WHAT HAPPENS IF THE FORECASTED PRICE OF NATURAL GAS IS 13 

HIGHER THAN THE ACTUAL PRICE? 14 

 15 

A. In general consumers will still benefit from greater reliance on renewables unless 16 

the price of natural gas falls to a very low level.  Even then because of the 17 

volatility of natural gas prices, any price advantage that natural gas might have 18 

over renewables is likely to be short lived. 19 

 20 

 In fact, consumers are likely to benefit generally from a high natural gas forecast 21 

because it will lead to greater reliance on renewables and efficiency.  This will 22 
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moderate demand pressures and provide consumers protection against the next 1 

spike in natural gas prices. 2 

 3 

 4 

Q. WHY HAVE YOU ALSO INCLUDED A 100 MW WIND POWER VERSION OF 5 

THE MODEL? 6 

 7 

A. The 800 MW version of the model shows that consumers gain when wind power 8 

displaces CCGTs.  This analysis supports PSCo’s preferred resource plan.  9 

PSCo stated that a 20 percent penetration of alternative energy is not necessarily 10 

a cap.  As a result, I included the 100 MW version to show gains to consumers 11 

with each additional 100 MW increase in wind power that might occur beyond 12 

PSCo’s recommended 800 MW option.  It is based on the same model structure 13 

as the 800 MW version but it provides a less cluttered view.  The 100 MW model 14 

clearly shows gains to consumers with each addition of wind power.   15 

 16 

 I used the same assumptions with the 100 MW model as I did with the 800 MW 17 

model, except that I increased wind integration costs to $0.008 per kWh.  I did 18 

this to take into account potentially higher integration cost with a wind penetration 19 

beyond 15 percent.  The results are shown in CEH Exhibit 4 and summarized in 20 

the table below.  21 

CONSUMER BENEFITS OF AN ADDITIONAL 100 MW OF WIND POWER 22 

 Price of Wind @ $0.061 Per kWh Price of Wind @ $0.041 Per kWh 

Consumer Benefits of Wind $29,780,851 $97,232,851 
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 1 

Based on these results, the PUC should encourage PSCo to increase its reliance on 2 

wind resources beyond the minimal amounts required by legislation.  Both consumers 3 

and the environment will benefit with greater reliance on wind power. 4 

 5 

 6 

Q. ARE THERE ADDITIONAL REASONS THAT THE PUC SHOULD CONSIDER 7 

INCREASING THE RELIANCE ON WIND POWER? 8 

 9 

A. Yes.  The models that I have presented here clearly indicate that consumers and 10 

the environment will benefit with greater reliance on wind power.  Looking at 11 

these models, however, is like looking at the trees in a forest.  The trees are 12 

important but the forest is also important.  In other words, the PUC also should 13 

look at the broader picture when approving PSCo’s resource plan.  I am talking 14 

here about economics and not just the environment. 15 

 16 

 Global warming clearly is an issue that we need to face, and we need to adjust 17 

our means of production to reduce greenhouse gases.  However, the economics 18 

of fossil fuels also portends a change to our means of production.  The price for 19 

oil and natural gas is trending up.  Although we likely will see volatility such that 20 

at times prices may be well below those we face today, the long-run trend will 21 

show significant price increases.  Some are now predicting $200 a barrel for oil.   22 

 23 
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 World economics does not foretell a decreasing price for fossil fuels.  It foretells 1 

greater competition for these scarce resources.  China, India, Indonesia, Latin 2 

America and others are trying to become fully industrialized nations.  Their 3 

increasing industrialization will place greater demands on basic resources such 4 

as oil and natural gas.  As competition for these scarce resources increase, so 5 

will the price.  Thus, the long-term prognoses are for significant upward pressure 6 

on prices.   7 

 8 

 On the other hand, prices for wind energy, solar and other renewables are 9 

trending downward.  During the same period that natural gas prices have 10 

skyrocketed, the price of wind energy has plummeted.   11 

 12 

 The price of wind energy may have bottomed out for the present, due to 13 

production restraints for wind turbines.  However, as production capacity 14 

increases, prices for wind turbines should remain steady or decline slightly.  Even 15 

if wind turbine prices increase, they likely will increase at a slower rate over the 16 

long term than the price of natural gas. 17 

 18 

 The result of this broad economic picture is that the PUC should push the 19 

envelope in terms of reliance on wind energy.  Even though CCGTs may look 20 

cost competitive with wind at certain price points and points in time, the overall 21 

trend is such that wind energy will provide greater consumer benefits in the long 22 

term. 23 
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 1 

 2 

Q. WHAT ARE YOUR CONCLUSIONS AND RECOMMENDATIONS? 3 

 4 

A. Wind energy provides consumer benefits when compared to CCGTs based on 5 

the estimated range of wind prices and natural gas prices presented in my 6 

analysis of 800 MW of additional wind energy.  Given the conservative nature of 7 

the range of wind prices, natural gas prices and other assumptions used in my 8 

analysis, the predicted consumer benefits are highly likely to be realized.  As a 9 

result, I recommend that the PUC adopt the section of PSCo’s preferred 10 

resources plan to purchase 800 MW of wind power by 2015 as a minimum, 11 

requiring the Xcel bid process to be open to larger amounts if bid prices justify 12 

them. 13 

 14 

 Consumers also can benefit by additional purchases of wind energy as shown by 15 

my analysis of each additional 100 MW of wind energy as compared to CCGTs.  16 

PSCo states that its reliance on wind energy does not need to be capped at 20 17 

percent.  As a result, I recommend that the PUC require that PSCo secure 18 

additional bids for wind energy.  PSCo should be required to accept additional 19 

bids for wind energy if the bids justify it and meet other contract conditions.  I 20 

have not recommended a specific level of additional wind energy but rather I 21 

suggest that the PUC and PSCo consider at least an additional 500 MW of wind 22 
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power for the 2010 through 2015 time frame contingent on reliability conditions 1 

and integration costs. 2 

 3 

 All of the results and recommendations in this docket are based on estimates of 4 

future events.  As such, they are subject to forecasting errors.  None of the 5 

estimates are going to be precisely accurate.  However, it is more important to be 6 

approximately correct than precisely accurate.  I recommend that the PUC take 7 

into account broader economic trends to ensure that it is approximately correct. 8 

 9 

 The Commission needs to be most concerned about high natural gas prices and 10 

high costs for constraining carbon created by the PSCo fossil fuel generation 11 

fleet.  Higher than expected prices are the threat to consumers not lower than 12 

expected prices.  If prices are lower than expected, consumers will benefit. 13 

 14 

 That said, the broader economic trends indicate that the price of natural gas is 15 

volatile and trending sharply upward.  Conversely, the historic price trend for 16 

wind energy has been a sharp decline.  The price trend for wind energy will not 17 

decline as precipitously as in the past but should level out at worst or show a 18 

continuing slight decline.  What results form the above observations are two 19 

resources with distinctly different price trends.  Because of the broad economic 20 

trends, I recommend that the PUC give greater weight to the resource with the 21 

more stable and declining costs. 22 

 23 
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 1 

Q. DOES THAT CONCLUDE YOUR TESTIMONY? 2 

 3 

A. Yes.   4 

 5 
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COMMITTEES AND ADVISING BOARDS 

 
Chairman, National Association of Regulatory Utility Commissioner's Subcommittee on 

Economics and Finance. 
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Model Assumptions 800MW          

Year    2010 2011 2012 2013 2014 2015 

MW of Wind Installed     100 100 100 100 200 200 

Wind Capacity Factor (1)   35%       

Cost of Wind per kwh (2)   $0.061       

Wind Integration Costs (3)   $0.005       

Incremental Transmission Costs (4)   $0.0021       

          

          

          

Natural Gas Avoided Costs          

Heat Rate MMBTU/kwh (5)   0.00735       

          

Emissions Costs          

Dollars per Ton CO2 (6)   $20       

Tons CO2 per GWh (7)   411       

 
 

 

 

Natural Gas Combined Cycle Assumptions 
    

Required MW (8)  87.5 
Cost per KW (9)   $766 
Heat Rate  (10)  7353 
Capacity Factor (11)  40% 
Discount Rate (12)  8% 
Years in Service (13)  30 

 

 

 
 

 

 
 

 

 
 

 

 



Docket No. 07A-447E 

CEH Exhibit 1 

Carl E. Hunt 

Page 2 of 2 
 

 
 

 

(1) Based on U. S. Department of Energy, Annual Report on U. S. Wind Power Installation, Cost and Performance Trends 2006 and PSCo Application. 
(2) Based on U. S. Department of Energy, Annual Report on U. S. Wind Power Installation, Cost and Performance Trends 2006 and National Renewable Energy Laboratory cost estimates. 

(3) Based on PSCo Application estimated integration costs of $4.77 per mwh. 

(4) Based on incremental transmission costs in Wind on Public Service Company of Colorado System: Cost Comparison to Natural Gas, August 2006, by Jane E. Pater and Ron Binz prepared for 
Interwest Energy Alliance. 

(5) Based on PSCo Application. 

(6) Based on PSCo Applicatoin. 

(7) 9alue established betZeen estimates by the 1ational ReneZal Energy /aboratory and those presented in PS&o’s $pplication� 

(8) Based on 40 percent  capacity factor for CCGTs in PSCo Application 

(9) Based on PSCo Application. 
(10) Based on PSCo Application. 

(11) Based on PSCo Application. 

(12) Based on PSCo Application cost of capital of 7.88 percent. 
(13) Based on PSCo Applicatoin. 
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YEAR 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 TOTAL

Wind Generation in kwh 306,600,000   613,200,000   919,800,000   1,226,400,000   1,839,600,000   2,452,800,000   2,452,800,000   2,452,800,000   2,452,800,000   2,452,800,000   2,452,800,000   19,622,400,000   

Cost of Wind $/kwh $18,702,600 $37,405,200 $56,107,800 $74,810,400 $112,215,600 $149,620,800 $149,620,800 $149,620,800 $149,620,800 $149,620,800 $149,620,800

Integration Costs $1,533,000 $3,066,000 $4,599,000 $6,132,000 $9,198,000 $12,264,000 $12,264,000 $12,264,000 $12,264,000 $12,264,000 $12,264,000

Incremental Transmission Costs $643,860 $1,287,720 $1,931,580 $2,575,440 $3,863,160 $5,150,880 $5,150,880 $5,150,880 $5,150,880 $5,150,880 $5,150,880

TOTAL WIND COST $20,879,460 $41,758,920 $62,638,380 $83,517,840 $125,276,760 $167,035,680 $167,035,680 $167,035,680 $167,035,680 $167,035,680 $167,035,680 $1,336,285,440

Natural Gas Avoided Costs

  Fuel

  Cost of Fuel per MMBTU $7.12 $6.87 $6.78 $6.45 $6.56 $6.97 $7.24 $7.27 $7.40 $7.64 $7.96

  Required MMBTU 2,253,510       4,507,020       6,760,530       9,014,040           13,521,060        18,028,080        18,028,080        18,028,080        18,028,080        18,028,080        18,028,080        

Fuel Avoided Costs $16,044,991 $30,963,227 $45,836,393 $58,140,558 $88,698,154 $125,655,718 $130,523,299 $131,064,142 $133,407,792 $137,734,531 $143,503,517 $1,041,572,322

Emissions Avoided Costs

  Tons of CO2 126,013          252,025          378,038          504,050              756,076              1,008,101           1,008,101           1,008,101           1,008,101           1,008,101           1,008,101           

  Dollar Value CO2 $2,520,252 $5,040,504 $7,560,756 $10,081,008 $15,121,512 $20,162,016 $20,162,016 $20,162,016 $20,162,016 $20,162,016 $20,162,016

Avoided Capital Costs $5,953,659 $11,907,317 $17,860,976 $23,814,635 $35,721,952 $47,629,270 $47,629,270 $47,629,270 $47,629,270 $47,629,270 $47,629,270

TOTAL NG AVOIDED COSTS $24,518,902 $47,911,049 $71,258,126 $92,036,201 $139,541,618 $193,447,003 $198,314,585 $198,855,428 $201,199,078 $205,525,817 $211,294,803 $1,583,902,609

Difference in Cost Between Wind and NG $247,617,169
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Page 2 of 2 2020 TOTAL

2,452,800,000  

YEAR 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 $100,564,800

Wind Generation in kwh 306,600,000 613,200,000 919,800,000 1,226,400,000  1,839,600,000  2,452,800,000  2,452,800,000  2,452,800,000  2,452,800,000  2,452,800,000  $19,622,400

$5,150,880

Cost of Wind $/kwh $12,570,600 $25,141,200 $37,711,800 $50,282,400 $75,423,600 $100,564,800 $100,564,800 $100,564,800 $100,564,800 $100,564,800

Integration Costs $1,533,000 $3,066,000 $4,599,000 $6,132,000 $14,716,800 $19,622,400 $19,622,400 $19,622,400 $19,622,400 $19,622,400

Incremental Transmission Costs $643,860 $1,287,720 $1,931,580 $2,575,440 $3,863,160 $5,150,880 $5,150,880 $5,150,880 $5,150,880 $5,150,880 $125,338,080 $993,506,640

TOTAL WIND COST $14,747,460 $29,494,920 $44,242,380 $58,989,840 $94,003,560 $125,338,080 $125,338,080 $125,338,080 $125,338,080 $125,338,080

$7.96

Natural Gas Avoided Costs 18,028,080       

  Fuel

  Cost of Fuel per MMBTU $7.12 $6.87 $6.78 $6.45 $6.56 $6.97 $7.24 $7.27 $7.40 $7.64 $143,503,517 $1,041,572,322

  Required MMBTU 2,253,510     4,507,020     6,760,530     9,014,040        13,521,060       18,028,080       18,028,080       18,028,080       18,028,080       18,028,080       

Fuel Avoided Costs $16,044,991 $30,963,227 $45,836,393 $58,140,558 $88,698,154 $125,655,718 $130,523,299 $131,064,142 $133,407,792 $137,734,531

1,008,101        

$20,162,016

Emissions Avoided Costs

  Tons of CO2 126,013        252,025        378,038        504,050           756,076           1,008,101        1,008,101        1,008,101        1,008,101        1,008,101        $47,629,270

  Dollar Value CO2 $2,520,252 $5,040,504 $7,560,756 $10,081,008 $15,121,512 $20,162,016 $20,162,016 $20,162,016 $20,162,016 $20,162,016

$211,294,803 $1,583,902,609

Avoided Capital Cost $5,953,659 $11,907,317 $17,860,976 $23,814,635 $35,721,952 $47,629,270 $47,629,270 $47,629,270 $47,629,270 $47,629,270

TOTAL NG AVOIDED COSTS $24,518,902 $47,911,049 $71,258,126 $92,036,201 $139,541,618 $193,447,003 $198,314,585 $198,855,428 $201,199,078 $205,525,817

Difference in Cost Between Wind and NG $590,395,969
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YEAR 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 TOTAL

Wind Generation in kwh 306,600,000 306,600,000 306,600,000 306,600,000 306,600,000 306,600,000 306,600,000 306,600,000 306,600,000 306,600,000 306,600,000 

Cost of Wind $/kwh $18,702,600 $18,702,600 $18,702,600 $18,702,600 $18,702,600 $18,702,600 $18,702,600 $18,702,600 $18,702,600 $18,702,600 $18,702,600

Integration Costs $2,452,800 $2,452,800 $2,452,800 $2,452,800 $2,452,800 $2,452,800 $2,452,800 $2,452,800 $2,452,800 $2,452,800 $2,452,800

Incremental Transmission Costs $643,860 $643,860 $643,860 $643,860 $643,860 $643,860 $643,860 $643,860 $643,860 $643,860 $643,860

TOTAL WIND COST $21,799,260 $21,799,260 $21,799,260 $21,799,260 $21,799,260 $21,799,260 $21,799,260 $21,799,260 $21,799,260 $21,799,260 $21,799,260 $239,791,860

Natural Gas Avoided Costs

  Fuel

  Cost of Fuel per MMBTU $7.12 $6.87 $6.78 $6.45 $6.56 $6.97 $7.24 $7.27 $7.40 $7.64 $7.96

  Required MMBTU 2,253,510     2,253,510     2,253,510     2,253,510     2,253,510     2,253,510     2,253,510     2,253,510     2,253,510     2,253,510     2,253,510     

Fuel Avoided Costs $16,044,991 $15,481,614 $15,278,798 $14,535,140 $14,783,026 $15,706,965 $16,315,412 $16,383,018 $16,675,974 $17,216,816 $17,937,940 $176,359,693

Emissions Avoided Costs

  Tons of CO2 126,013        126,013        126,013        126,013        126,013        126,013        126,013        126,013        126,013        126,013        126,013        

  Dollar Value CO2 $2,520,252 $2,520,252 $2,520,252 $2,520,252 $2,520,252 $2,520,252 $2,520,252 $2,520,252 $2,520,252 $2,520,252 $2,520,252

Avoided Capital Costs $5,953,659 $5,953,659 $5,953,659 $5,953,659 $5,953,659 $5,953,659 $5,953,659 $5,953,659 $5,953,659 $5,953,659 $5,953,659

TOTAL NG AVOIDED COSTS $24,518,902 $23,955,524 $23,752,709 $23,009,050 $23,256,936 $24,180,875 $24,789,323 $24,856,928 $25,149,885 $25,690,727 $26,411,850 $269,572,711

Difference in Cost Between Wind and NG $29,780,851
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YEAR 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 TOTAL

Wind Generation in kwh 306,600,000 306,600,000 306,600,000 306,600,000 306,600,000 306,600,000 306,600,000 306,600,000 306,600,000 306,600,000 306,600,000 

Cost of Wind $/kwh $12,570,600 $12,570,600 $12,570,600 $12,570,600 $12,570,600 $12,570,600 $12,570,600 $12,570,600 $12,570,600 $12,570,600 $12,570,600

Integration Costs $2,452,800 $2,452,800 $2,452,800 $2,452,800 $2,452,800 $2,452,800 $2,452,800 $2,452,800 $2,452,800 $2,452,800 $2,452,800

Incremental Transmission Costs $643,860 $643,860 $643,860 $643,860 $643,860 $643,860 $643,860 $643,860 $643,860 $643,860 $643,860

TOTAL WIND COST $15,667,260 $15,667,260 $15,667,260 $15,667,260 $15,667,260 $15,667,260 $15,667,260 $15,667,260 $15,667,260 $15,667,260 $15,667,260 $172,339,860

Natural Gas Avoided Costs

  Fuel

  Cost of Fuel per MMBTU $7.12 $6.87 $6.78 $6.45 $6.56 $6.97 $7.24 $7.27 $7.40 $7.64 $7.96

  Required MMBTU 2,253,510     2,253,510     2,253,510     2,253,510     2,253,510     2,253,510     2,253,510     2,253,510     2,253,510     2,253,510     2,253,510     

Fuel Avoided Costs $16,044,991 $15,481,614 $15,278,798 $14,535,140 $14,783,026 $15,706,965 $16,315,412 $16,383,018 $16,675,974 $17,216,816 $17,937,940 $176,359,693

Emissions Avoided Costs

  Tons of CO2 126,013        126,013        126,013        126,013        126,013        126,013        126,013        126,013        126,013        126,013        126,013        

  Dollar Value CO2 2,520,252 2,520,252 2,520,252 2,520,252 2,520,252 2,520,252 2,520,252 2,520,252 2,520,252 2,520,252 2,520,252

Avoided Capital Costs $5,953,659 $5,953,659 $5,953,659 $5,953,659 $5,953,659 $5,953,659 $5,953,659 $5,953,659 $5,953,659 $5,953,659 $5,953,659

TOTAL NG AVOIDED COSTS $24,518,902 $23,955,524 $23,752,709 $23,009,050 $23,256,936 $24,180,875 $24,789,323 $24,856,928 $25,149,885 $25,690,727 $26,411,850 $269,572,711

Difference in Cost Between Wind and NG $97,232,851


