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Unit - 3 

Wind Technology 

Introduction  

The adverse effect of climate change such as tsunami, floods, forest fires, have become 

common in the recent years due to alarmingly increasing pollution levels and increasing global 

population and thereof increasing power demands. Each megawatt of electricity generated using 

fossil fuel adds around half a ton of greenhouse gases equivalent CO2 in to the atmosphere. The 

accumulating effect of fast depletion of fossil fuels, alarmingly rising environmental pollution levels, 

and at the same time gradually emerging awareness of environmental degradation has given rise to 

the use of renewable sources of energy such as wind, solar, small and large hydro, geothermal, tidal, 

and bio-energy. Of these clean sources, the rapid development in wind energy conversion 

technology has made it an alternative to conventional energy systems in recent years.  

Wind energy is the fastest growing source of energy and is getting worldwide attention due 

to the technological advances for harnessing the wind power and its competitive cost of production 

compared to other traditional means. In order to conserve the conventional energy resources and to 

address the environmental problems, the wind power utilization is the answer to these problems.  

 

The worldwide wind power installed capacity is increasing rapidly due to new projects being 

commissioned in different parts of the world. United States of America (USA) is leading the world 

with regard to global wind power installed capacity. The other countries contributing towards wind 

power sectors are Germany, Spain, Denmark, India, China, United Kingdom, Egypt, and others. 

 

Overview of the Problems and Challenges 

Wind Power Energy has become increasingly popular to investors, government officials, and 

the general public since its commercial advent in the 1970s. The awakening of significant 

investments in wind energy was caused by a growing realization of the need for energy security. 

However, there are numerous problems and challenges to developing wind energy, both in the short 

and the long term.  

From the investor point of view, wind energy itself is still perceived as too costly. The 

marginal cost of wind energy is competitive with the latest conventional1 technologies; nonetheless, 

the fi ed osts of i d e e g s te h i al de elop e t is still too high Reduction of these costs will 

enable the wind energy to be used at an even more competitive rate.  Policies such as the 

Renewable Electricity Producer Tax Credit have the potential to cut the cost of turbines through 

promoting innovation and creasing stable market demand.  
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We therefore conclude that wind energy and transmission development are closely related. 

The fall in cost of wind energy yields only a limited result if such energy may not reach its consumers 

cost-efficiently.   

 

Wind energy characteristics and measurement 

The Renewable Electricity Production Tax Credit (PTC), meant to incentivize investments in 

wind energy, has often had just the opposite effect.  Founded as a part of the Energy Policy Act of 

1992, the PTC supports energy generated through renewable energy sources by allocating a 2 

cents/kWh tax credit (2007) for the first 10 years of operation.  The program has been highly 

successful at stimulating investments in wind-generated electricity.  The DOE estimates that PTC 

stimulated the production of nearly 12GW of wind power (20).   However, the PTC has received 

sporadic support since its inception, causing large demand shocks in the turbine market.  The figure 

below illustrates the fluctuations in demand attributable to the PTC. 

 

Source: Wiser et. al 2007 

The swings in wind power growth have made the demand for turbines very volatile, driving 

some turbine firms into bankruptcy.   Turbine production was largely outsourced to European firms 

(20), an event which may have prompted a significant loss of human capital in the U.S. turbine 

industry.  In addition, the variability in tax credit policy may have the effect of driving up the price of 

turbines once the credit is reinstated, as pent-up demand outstrips the small supply of turbine 

manufacturers able to weather the storm.  The shortage of turbine production capacity leads firms 

to raise their prices for turbines, thus negatively impacting the overall competitiveness of wind-

generated electricity.  Finally, the uncertainty associated with the PTC may discourage potential 

investors, who must include the risk of policy change in their rate-of-return calculations.  By 

decreasing the policy uncertainty surrounding the PTC, the market for turbines will become more 

stable, with the effect of lowering prices, increasing orders, and attracting technical talent to the 

turbine industry, thereby increasing the rate of technological innovation. 
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Transmission 

Transmission policies will also have a large effect on the economic viability of wind-generated 

electricity.  As we have seen, wind power markets are quite dependent on that availability of high 

voltage transmission lines, without which they will not be able to transport large amounts of 

electricity any sizeable distance.  Due to this dependence on transmission lines, wind energy is 

particularly sensitive to the cost of transmission. Furthermore, once the transmission line is built 

there is the possibility of under-utilization due to low wind yield.  So, for companies that have to 

develop their own transmission network, the wind energy itself might be extracted cost-efficiently 

yet the transportation may raise the costs to a prohibitively-high level.   

 

Metrology of wind speed distribution 

The importance of wind speed 

Kinetic energy in wind can be captured by wind turbines and converted to mechanical 

energy. Generators produce electricity from the mechanical energy. Simply, wind turbines work like 

a fan operating backwards. Instead of electricity making the blades turn to blow wind from a fan, 

wind turns the blades in a turbine to create electricity. 

Wind turbines range in size from a few hundred watts to as large as several megawatts. The 

amount of power produced from a wind turbine depends on the length of the blades (or the term of 

swept area) and the speed of the wind. The power in the wind is proportional to the cube of the 

wind speed; the general formula for power in the wind is: 

 

P = /  * ρ * A * V 3 

 

he e P is the po e  a aila le i  atts, ρ is the de sit  of ai  hi h is app o i atel  
1.2kg/m3 at sea level), A is the cross-section (or swept area of a windmill rotor) of air flow of interest 

and V is the instantaneous free-stream wind velocity.  

 

Because of this cubic relationship, the power availability is extremely sensitive to wind 

speed. A doubling the wind speed increases the power availability by a factor of eight. Even a small 

variation in wind speed converts to a substantial difference in power output. The same turbine on a 

site with an average wind speed of 8 m/s will produce twice as much as electricity as an on a site 

with 6 m/s (ODPM, 2004.)  

 

Downloaded from  be.rgpvnotes.in

Page no: 3 Follow us on facebook to get real-time updates from RGPV

https://be.rgpvnotes.in
https://www.facebook.com/rgpvnotes.in
https://be.rgpvnotes.in


The usual cut in speed is 5 m/s and full-load attained above 12 m/s, while the usual cut out 

speed is 25 m/s2. Thus, developers expend considerable effort to identify and secure the sites which 

are most consistently in the optimum range. NREL divides wind speeds into wind power classes 

designated Class 1 (lowest) through Class 7 (highest) (Table 1). Class 2 and above wind speeds can 

provide sufficient energy to drive a small wind turbine. Utility sized turbines usually need at least 

Class 3 wind conditions to operate. 

 

Table 1: Wind power classes at 10 m and 50 m elevation 

Power 

class  

10 m 50 m 

Wind speed 

(m/s) 

Power Density 

(W/m2) 

Wind speed 

(m/s) 

Power Density 

(W/m2) 

1 0-4.4 0-100 1-5.6 0-200 

2 4.4-5.1 100-150 5.6-6.4 200-300 

3 5.1-5.6 150-200 6.4-7.0 300-400 

4 5.6-6.0 200-250 7.0-7.5 400-500 

5 6.0-6.4 250-300 7.5-8.0 500-600 

6 6.4-7.0 300-400 8.0-8.8 600-800 

7 7.0-9.4 400-1,000 8.8-11.9 800-2,000 

 

Wind speed is partly a function of height and generally weaker near the ground due to 

f i tio  et ee  ea th s su fa e a d ai  flo . “o, pla i g tu i es o  hills a d o  la ge to e s gi es 
access to higher wind speeds. A taller tower not only makes it possible to reach faster winds but also 

accommodate a bigger rotor for a larger swept area.  

All these factors have driven manufacturers to make ever bigger turbines. The turbines of 

the mid-1990s swept ten times the area of earlier machines (Gipe, 2004.) The size of wind turbines 

has doubled approximately every 4~5 years (Wizelius, 2007.) Turbines with an installed generator 

capacity of 5 to 6 MW and a diameter of 110-120 m diameter are running as prototype, see figure 3. 
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Fig. The development of wind turbine size. 

Source: Gijs van Kuik et al., 2006. 

 

Intermittence 

Wind speed variation has system-wide effects for the electricity generation sector. Wind speed can 

decrease or increase by a factor of t o e  apidl . Ea h ti e this happe s, ge e atio  f o  a i d 
a pet  – namely, the total number of turbines in a relevant geographical area – decreases or 

increases by a factor of eight. Fluctuation in wind availability leads to sudden drop-outs and surges in 

ele t i it  suppl , e ui i g up egulatio  a d do  egulatio   o e tio al ge e ati g pla ts. 
The igge  the i d a pet , the o e p o ou ed these effe ts a e. This eates the p o le  of 
i te itte e , hi h has t o diffe e t omponents. The first is the total absence of wind energy – 

and therefore of generation – during high pressure events. The second is rapid up or down variation 

in wind speeds and power output. The first can be predicted by weather forecasts with increasing 

accuracy. Predictions of the second are improving – due to better methodologies and tools (epically 

under short time-frames) – but will always remain a problem because wind speed variation is 

inherently a stochastic phenomenon. 

Operation 

Turbines produce direct current (DC) or alternating (AC) power, depending on the generator. 

(In our case the prime mover is the rotor.) However, neither way is 100 percent efficient at 

transferring wind power. The rotor will deliver more power to the generator than the generator 

produces as electricity. This leads to another fundamental consideration on the size of wind 

turbines. The size of a generator indicates only how much power the generator is capable of 

p odu i g if the i d tu i e s oto  is ig e ough, a d if the e s e ough i d to d i e the ge e ato  
at the ight speed. Thus, fu the  o f o t the fa t that a i d tu i e s size is p i a il  go e ed  
the size of its rotor. 
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Wind speeds are crucial for generating utility-compatible electricity. To adapt wind speed 

variation, electrical generators can be operated either at variable speed or at constant speed. In the 

first case, the speed of the wind turbine rotor varies with the wind; in the second, the speed of the 

wind turbine rotor remains relatively constant as wind speed fluctuates. 

In nearly all small wind turbines, the speed of the rotor varies with wind speeds. This 

si plifies the tu i es  o t ol hile i p o i g ae od a i  pe fo a e. Whe  su h i d 
machines drive an alternator, both the voltage and frequency vary with wind speed. The electricity 

the  p odu ed is t o pati le ith the o sta t-voltage, constant-frequency AC produced by the 

utility. Electricity from these wind turbines cannot be used in most our daily equipment. The output 

from these machines must be treated or conditioned first, usually equipped with features to 

produce correct voltage and constant frequency compatible with the loads.  

Although nearly all medium-size wind turbines, such as the thousands of machines installed 

in California during the early 1980s, operated at constant speed by driving standard, off-the-shelf 

induction generators, a number of manufacturers of megawatt-size turbines today have switched to 

variable-speed operation3. Many of these use a form of induction generators, which may improve 

aerodynamic performance.  

Measurement of wind data (wind speed statistics) 

Annual energy production (AEP4) is calculated by applying the predicted wind distributions 

for a given site to the power performance curve of a particular wind turbine. The site wind 

distributions are normally based on a Rayleigh distribution5 that describes how many hours (or 

probability) each year the wind at a given site blows at a particular wind velocity (Figure (a)).  

 

The second step in this process requires the power curve for the chosen turbine. Figure (b) is an 

example of a power curve for a 1.5-MW turbine that is characteristic of current technology. 

 

 

 

 

 

 

 

Fig. (a) (b) Power curve method of calculating annual energy output 
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What may not be stated upfront is that wind speeds of 10-25 m/s are necessary to reach a 

1,500-kW output. The power output of a turbine for wind speeds must be determined specific to a 

specific site. Wind turbine developers can properly install a turbine that is well-suited for each site.  

The product of first two curves will be a curve such as that shown in Figure (c). By integrating 

the area under this curve, it is possible to determine the annual energy production. For a more 

accurate calculation it is necessary to account for both the mechanical and electrical power 

conversion efficiency, which varies at different turbine power level losses as described in the 

operating characteristics above, and the projected machine availability. 

 

 

 

 

 

 

 

 

Figure 4 (c) Power curve method of calculating annual energy output 

 

Table 2: Wind power classes at 10 m and 50 m elevation 

Power 

class  

10 m 50 m 

Wind speed 

(m/s) 

Power Density 

(W/m2) 

Wind speed 

(m/s) 

Power Density 

(W/m2) 

1 0-4.4 0-100 1-5.6 0-200 

2 4.4-5.1 100-150 5.6-6.4 200-300 

3 5.1-5.6 150-200 6.4-7.0 300-400 

4 5.6-6.0 200-250 7.0-7.5 400-500 

5 6.0-6.4 250-300 7.5-8.0 500-600 

6 6.4-7.0 300-400 8.0-8.8 600-800 

7 7.0-9.4 400-1,000 8.8-11.9 800-2,000 

 

Downloaded from  be.rgpvnotes.in

Page no: 7 Follow us on facebook to get real-time updates from RGPV

https://be.rgpvnotes.in
https://www.facebook.com/rgpvnotes.in
https://be.rgpvnotes.in


Conclusion 

Wind turbine technology is in good health: the availability of turbines is ~98%, which means 

that during 2% of the time they cannot produce due to maintenance or failures. In general, 

elementary design rules dictate that the bigger the turbines are to deploy as much as possible.  

In United States, the overall potential is vast. Wind power energy has been estimated as one 

of the ou t s ost a u da t e e g  esou es. A out o e-fourth of the total land area of United 

States has winds powerful enough to gene ate ele t i it  as heapl  as atu al gas o  oal at toda s 
prices. The wind energy potential in all of the top states – North Dakota, Kansas, South Dakota, 

Montana, and Nebraska – is p i iple suffi ie t to p o ide all the ele t i it  the ou t s u rent 

uses (Table 2.)  

Wind Energy Conversion 

a) Transmission Technologies: HVDC 

High-voltage direct current (HVDC) systems offer an alternative solution to the problem of 

electrical transmission, one with strengths not offered by the traditional AC grid system. While DC-

based systems are not a new technology—at the advent of the electrical era, Thomas Edison 

envisioned that they would become the predominant choice—the ability to incorporate them with 

the existing AC grid is a relatively new development.  

In general, transmitting electricity from the generator to the consumer at a higher voltage 

reduces the amount of power lost in the process. However, there are functional limitations that 

make transmitting across high-voltage AC lines an ineffective option. HVAC lines lose large amounts 

of po e  due to i du tio , apa ita e, the ski  effe t  he ei  the u e t o es to the outside 
of the a le, fo i g a ski  a d thus faili g to utilize the a le i  its e ti et , a d the io izatio  of 
the air around the cable, which draws electrons away from the path of transmission. HVDC, by 

eliminating the alternating current, eliminates these problems, but introduces a new challenge: 

switching to an HVDC grid necessitates either the construction of DC generators to replace the AC 

generators currently in use, or the systematic conversion of AC to DC at the point of transmission. As 

AC generators are generally understood to be less expensive and easier to maintain than DC 

generators, the second option is more desirable. 

Whether the benefits and drawbacks of an HVDC system make it an efficient option or a 

wasteful is widely variable based on individual situations; the site of generation and consumption, 

the path of transmission, the type of power, and the nature of the existing grid can all be factors. 

However, over long distances, HVDC has proven to be an excellent choice. In addition to stability it 

adds to the grid, an HVDC system succeeds where as an AC cable would fail, because the latter 

suffers from greater line losses and the need for intermittent substations to regulate current.  

Therefore, AC systems can only effectively transmit power a certain distance before becoming 

ineffective. (See Figure)  
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Fig. Cost Vs Distance 

A Cost Analysis of Wind Energy 

 

Overview of the section: 

In this section, we will discuss the feasibility of wind-based electricity generation in America.  

We will first address the two primary disadvantages of wind-based electricity generation: availability 

and variability of resources.  We then present two scenarios of the potential market for wind-

generated resources in America.  The first assumes that wind-generated electricity will compete in 

the market of the nearest major metropolitan area.  The second assumes that wind-generated 

electricity will take advantage of variation in the price of electricity across states.  Specifically, we 

consider the proposed Frontier Line, an HVDC line that would transmit large amounts of electricity 

to Western cities from remote generation sites.  We then analyze the cost of wind-generated 

electricity under both scenarios.  We find that wind-generated electricity is not competitive in 

nearby energy markets, but is competitive to service Californian demand.  Finally, we consider the 

impact of two polices would have on the economic viability of wind energy: The Renewable 

Electricity Producer Tax Credit and a cap-and-trade. 

 

b) The Availability of Wind Resources 

One legitimate drawback to wind-based electricity generation is that the inputs to 

production are geographically fixed.  Unlike fossil fuels or uranium, wind resources cannot be 

extracted from the earth and transported to demand sites.  Instead, they must be converted to 

electricity at the site where they are found, and the electricity must be transmitted to demand sites.   

This limitation is not inherently problematic, because in many scenarios wind resources are 

very close to demand sites.  Denmark, for example, receives a large proportion of their energy from 

offshore winds that are quite close to demand sites.  The U.S. also has abundant offshore wind 
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resources, and with 53% of the US Population living in a coastal county (Crosset 2004), many 

electricity demand sites have a large potential supply of wind-generated electricity nearby.  

The map below is published by the National Renewable Energy Laboratory (NREL), a facility 

operated by the U.S. Department of Energy.  It illustrates the availability of wind resources at 

different wind power classes (WPCs).  Current technology limits wind-based electricity generation to 

WPCs of 4 and above, which roughly corresponds to winds average speeds greater than 12.5 mph.  

These correspond to the pink, purple, red, and blue areas on the map below. 

 

Scenario A: Transmission to Local Electricity Markets 

Our first scenario estimates the cost of wind-generated electricity delivered to the nearest 

electricity demand site.  Due to the particularly remote location of terrestrial wind resources, we 

hypothesized that transmission costs would form a significant portion of overall electricity costs, and 

thus attempted to minimize transmission costs by calculating the shortest distance from each wind 

resource site to the nearest electricity demand site. 

Wind resource site data was made available by NREL in the form of GIS (Geographic 

Information System) files.  These files contain the Wind Power Class data for each square kilometer 

of la d i  the Weste  states.  Be ause N‘EL s i d resource database is still being built, data files 

were unavailable for many states of interest, including Minnesota, Iowa, Kansas, Oklahoma, and 

Texas.  However, many of the states with the best wind resources were made available for analysis.  

These included North and South Dakota, Nebraska, Montana, Wyoming, and Colorado. 

Electricity demand sites were selected as the top 25 Metropolitan Statistical Areas, 

according to the 2007 estimates by the U.S. Census Bureau.  The absence of city-level electricity 

consumption data makes it impossible to verify if population rank matches up with electricity 

consumption rank.  However, we can be confident that each of the 25 most populated MSA 

consume a large amount of electricity, and are therefore potential markets for remote wind-

generated electricity. 

 

Scenario B: Exploiting Price Variation 

Our second scenario predicts that wind-generated electricity will be transmitted to 

consumption sites where it can exploit variation in prices.  Electricity prices vary considerably across 

states, as is evident from the map on the following page of average 2006 prices: 

The average price of electricity is very low in states where wind resources are sited.  Thus, 

although these markets are nearby, wind energy faces stiff competition when competing in local 

markets (Wyoming, a state with abundant wind resources, had the third lowest average price of any 

state in 2006, at just 5.27 cents/kWh).  However, a long-distance transmission line could carry wind-

generated electricity to higher-price markets where it might prove more competitive.  At 12.82 

cents/kWh, the Californian electricity market looks particularly appealing.  Such a project would 
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require transmission beyond the 500-mile break-even point between HVAC and HVDC, leading 

policymakers to favor the use of an HVDC line. 

In fact, proposals to build a long-distance HVDC transmission line are currently being heard.  

Western governors have formed a task group to research many transmission investments, including 

the Frontier Line, a high-voltage transmission line that would connect Wyoming energy supply to 

California loads.  With energy demand increasing at 2% a year, California must add 1,000 MW of 

electric capacity every year to keep prices constant.  Apart from needing additional electricity, 

California also favors renewable energy.  In 2002 the state established the Renewable Portfolio 

Standard Program, marking a commitment to achieve 20% of electricity from renewable sources by 

2017.  With just 10.9% of electricity coming from renewables, there is significant room for expansion 

to meet this commitment.  California is therefore an eager market for Wyoming wind-generated 

electricity. 

The Frontier Line would address the two major disadvantages of wind energy.  For one, an 

HVDC line minimizes transmission costs, thus addressing the issue of wind resource availability.  

Secondly, the Frontier Line is well-positioned to weather wind resource variability due to its origin in 

Wyoming.  Not only does Wyoming have abundant wind resources; it also houses the atio s 
largest supply of coal.  When the wind is not blowing, coal plants can generate electricity to keep the 

transmitted supply constant at 100% of line capacity.  Thus, wind-based electricity generation can be 

backed up by coal-based generation, in much the same way that the Danish wind energy system 

decreases variability by relying on the German coal-fired grid.  Therefore, the Frontier Line may 

avoid the two major pitfalls of wind energy, availability and variability of wind resources. 

 

c) Cost Analysis 

We turn now to considerations of cost.  Through our cost analysis we will determine the 

economic viability of wind power under our two scenarios.  The cost analysis is organized as follows: 

Section 1 will cover assumptions concerning wind farm costs and output.  Section 2 addresses our 

assumptions about financing the transmission line in Scenarios A and B.   

 

Section 1:  Wind Farm Assumptions 

Our analysis requires many assumptions, with the justifications from authoritative sources.  The next 

two sections provide the logic behind our assumptions. 

 

PROJECT SIZE: We assume the creation of a wind farm with 3GW of generation capability.  There are 

many sites in our data set with developable wind resources on this scale.  Such a site would require 

2,000 1.5MW Turbines, each requiring about 90 acres, for a total land requirement of 180,000 acres 

(or 730 km2) (source AWEA 2007).   
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PROJECT SITE:  Project siting could occur at many locations in the interior US.  However, Scenario B 

requires a site with adequate wind resources and nearby coal resources, to serve as back-up capacity 

for wind generation and so ensure that the Frontier Line remains at capacity.  This leads us to choose 

the Hanna Basin in Carbon County, Wyoming as our wind farm location for Scenario B.  To remain 

consistent, we use the same site for Scenario A. 

 

CAPACITY FACTOR:  The capacity factor of a wind farm refers to the percent of theoretical energy 

output that the wind farm in fact produces.  This is dependent on a number of variables – turbine 

design, project siting, and weather – and so is difficult to predict with a great degree of certainty.  

We therefore follow the assumptions put out by Ryan Wiser and Mark Bollinger of Lawrence 

Berkeley National Laboratory, who calculated the average wind capacity in Mountain region wind 

farms to be 41% (Wiser and Bollinger 2007).   

 

INSTALLED CAPITAL COSTS:  Our assumption for initial costs of installed capital come from a recent 

large wind turbine deal.  On May 15, 2008 Mesa Power LLP signed a $2 Billion with GE to produce 

667 1.5 MW turbines.  The proposed wind farm would therefore have a generating capacity of 1,000 

MW, leading to a ratio of $2 Million/MW installed capacity.  This ratio is higher than many estimates 

(Wiser and Bollinger 2007); we therefore consider it an upper-bound on installed capital costs. We 

do not anticipate economies of scale beyond 1,000MW, and therefore assume this ratio to hold for a 

3,000 MW wind farm. 

 

PROJECT FINANCING:  We assume a 30-year mortgage agreement with annual payments and 7% 

interest.    

 

LAND COSTS:  We require 180,000 acres of Wyoming land to achieve a generation capacity of 3,000 

MW.  However, installed capital will only occupy a small portion of this land.  Turbines, electrical 

facilities, and service roads average between 0.25 and 0.5 acres per turbine (NREL 2006).  Taking the 

higher of these two estimates, we anticipate land needs of just 1,000 acres.  We then calculate the 

costs of purchasing this land.  This oversimplifies the land negotiations for a large wind farm project; 

however, because farmland in Carbon County, Wyoming sells at less than $200/acre, additional land 

expenditures will not significantly affect project viability.  Property taxes are also negligible in the 

state of Wyoming. 

 

GRID INTEGRATION COSTS:  Due to its variable nature, wind places an extra burden on the grid.  

When the wind is not blowing (or is not blowing sufficiently strongly), other sources must generate 

additional electricity to ensure that demand for electricity does not outstrip supply.  Therefore, extra 

electricity-generating capacity must be installed.  In our case, the extra capacity will consist of mine-

mouth coal plants that will share a high-voltage transmission line with the wind farm.  The amount 
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of extra capacity is determined by a number of factors – the capacity factor of the wind farm, the 

exposure of the destination market to wind power, the flexibility of the destination market, the 

presence of a smart grid, etc.  We assume in our analysis that grid integration costs require an add-

on of $0.0062/kWh, the upper-bound of recent estimates (VTT 2007). 

 

OPERATION AND MANAGEMENT COSTS:  Operation and Management Costs are relatively small for 

a wind farm.  We use the inflation-adjusted estimates of Wiser and Kahn, amounting to an add-on of 

$0.0089/kWh (Wiser and Kahn 1996). 

 

INSURANCE COSTS:  We si ila l  use Wise  a d Kah s esti ates fo  p ope t  i su a e, hi h a e 
calculated as a percentage (0.0015%) of installed capital costs.  This amounts to an add-on of less 

than nine-hundredths of a penny per kilowatt hour (Wiser and Kahn 1996). 

 

INFLATION:  To get cost estimates in 2008 dollars, we adjust many of our figures for inflation.  For all 

figures older than 2006, we assume that inflation matched CPI growth.  We adjust 2006 figures 

according to recent CPI information specific to the electricity industry.  Electricity prices grew at a 

year-over-year rate of 5% in the 12 months prior to May 2008.  Assuming that this trend held for the 

17 months since December 2006, we adjust all 2006 figures with a 7.5% inflation rate.   

 

Section 2:  Transmission Line Assumptions 

SCENARIO A:  We first consider moving electricity from wind resource sites to the nearest major 

metropolitan area.  From our project site at the Hanna Basin Mine in Carbon County, Wyoming the 

nearest demand site is Denver, just 150 miles away.  This distance makes HVAC transmission 

optimal.  To model the costs of this line, we utilize the assumptions of the Western Regional 

Transmission Expansion Partnership for a similar-length HVAC line between Mona, Utah and 

Northeastern Nevada.  This line had an estimated cost of $1 Billion.  Operation and Management 

fees are included in the initial estimate.  Line losses are assumed to be 10% over the course of the 

line.   

 

SCENARIO B:  We next consider moving electricity from the Hanna Basin Mine in Carbon County, 

Wyoming to Los Angeles.  This transmission line, spanning 960 miles, has been modeled by ABB Grid 

Systems.  Station costs of $420 Million are added to transmission line costs of $1,800,000 per mile, 

leading to a project total of $2.1 Billion.  Operation and Management fees are calculated as a 

percentage of the total one-time grid payment.  Line losses are estimated at 8% over the course of 

the line. 
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