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Abstract

This thesis argues that the costs of electricity are ecological, economic, and social. The 

rising costs of electricity in rural Alaska have produced an energy crisis, and this study 

asks whether or not renewable energy can reduce these costs. To examine the evidence, 

two case studies are developed: a wind-diesel hybrid system in Kotzebue, Alaska, and an 

Organic Rankine cycle geothermal system in Chena Hot Springs. In both cases the costs 

of electricity have been reduced. Historically, the funding for energy projects in Alaska 

has shifted from private enterprise investment to state and federal support.

This is important in the debate regarding who should fund a transition from fossil fuels to 

renewable energy, and how that funding should be structured. Additionally, the Power 

Equalization Program is examined and found to be a paradoxical policy that provides 

economic relief but does not solve the problem, while also acting as a disincentive, in 

some cases, to the development of renewables.
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CHAPTER 1: 

Introduction

Electricity is ubiquitous in the modern industrial life of humans. Yet, as the 

industrial age gives way to the digital age, our basic electrical infrastructure is becoming 

more and more outdated. As it is less able to provide not just the quantity of supply 

demanded, but also the quality, other avenues of electrical generation, storage, 

transmission, and usage must be explored. Energy conservation and digital end-usage of 

electricity demand digital means for transmissions, such as a “smart grid,” which would 

require an entire rebuilding of the United States electricity grid (this is proposed by the 

current presidential administration). How we use electricity is just as important as how 

we produce it.

The current production of electricity in Alaska, the United States, and the global 

community relies primarily on the combustion of fossil fuels. The scarcity of non

renewable resources, fluctuating global prices and the environmental damage associated 

with this type of electricity production have created an energy crisis. Before 

industrialization an energy crisis was solved by simply getting more humans or animals 

on the job. Our current situation is much more complex. The relative scarcity of fossil 

fuels on a global scale has moved energy into the realm of foreign policy and supply 

shortages into the realm of national security. Fluctuating prices have resulted in 

hampered economic progress in some regions, and especially in rural areas such as the 

remote villages of Alaska. More attention has been given to the associated environmental



damage in recent years and environmental policy regarding energy, though slow in 

coming, may increase the price of fossil fuels further complicating the issue.

In the 1970s gas shortages, spiking oil prices and political instability in the 

Middle-East resulted in a perceived energy crisis (Weeden, 1978). Nearly 30 years later 

the term “energy crisis” is in household usage, and is the term sometimes employed by 

the Anchorage Daily News when discussing the current structure of electrical supply for 

rural Alaska. This crisis is not the pre-industrial crisis. We do not have a global 

shortage of electricity producing fuels. What we do have is increased costs of electricity. 

The costs are ecological (pollution and climate change), economic (end user prices 

skyrocketing), and social (the political and social consequences of our electricity 

choices). The question that this study seeks to answer is: can renewable energy reduce 

these costs in rural Alaska?

A crisis may be a terrible thing to waste. If duress is the greatest mover of 

humankind, a crisis is also an opportunity because it propels humans to take action. As 

Hardin (1968) points out, the status quo is a form of action. If a crisis is produced by the 

status quo, the action to resolve the crisis must move away from the status quo. This is 

rather difficult for at least two reasons. First, some like the status quo because they either 

think it is perfect, or because it benefits them. Second, if  a proposed change to the status 

quo is not seen as being perfect, it is taken that the status quo will be easier (or cheaper) 

to perpetuate, rather than spending resources to implement another not-perfect idea. The 

fallacy is that the perceived choice is between taking no action (the status quo), or taking 

action. When we realize that both are a form of action we find ourselves presented with
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freedom of choice. That choice is concerned with what we want immediately, and what 

we want in the long term.

This choice is concerned with how we want our world to be. The answers rest in 

our values, and are bound to a temporal dimension. If we value fast economic growth in 

the present, are we willing to have slower growth in the future? If not, we must ensure 

that the current economic growth, and its rate, is not dependent on the degradation of the 

base of the economic growth itself. For example, economic rationality has led agriculture 

toward mono-culture, with a vast array of pesticides, and an apparent agricultural boom 

in the form of the “green revolution.” However, the prevalence of a single crop, over 

time, may lead to degradation of the soil. The saturation of an area with pesticides may 

disrupt other connected systems, at the microbial level, that also help ensure the nutrition 

of the soil. This threatens the ability of the land to produce the very crop that led to the 

economic boom. Are we willing to slow the rate of economic growth to ensure its 

longevity, or, are we willing to side with classical economists in assuming that resources 

are infinite due to substitution and human ingenuity? A better question would ask: is this 

a false duality?

Environmental protection and economic growth are often seen as a trade-off: you 

can have one but not the other. “Because human life depends on what the earth provides, 

one might think environmental protection would be uncontroversial” (Layzer, 2006, 1). 

Yet, it is controversial, because of this perceived trade off. However, economics, as a 

distribution of goods and services, is inherently bound to the environment, in fact, it is 

part of it. The real question does not concern itself with dualities; rather, at the core of
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environmental disputes are values. The real question concerns itself with, “how human 

beings ought to interact with the natural world” (Ibid, 2).

Judith Layzer, a professor of environmental policy at the Massachusetts Institute 

of Technology, outlines this basic question and the two dominant and competing value 

“camps,” to illustrate this perceived trade-off. On one side is placed what she calls the 

“environmentalists” and on the other the “cornucopians.” The environmentalists place a 

premium value on the integrity of the ecosystem, and the cornucopians place a premium 

value on economic growth. The former is accused of being eco-centric at its extreme, 

while the latter is accused of being anthropocentric at the other extreme.

A paradox occurs when we take into account that even the deep ecologists (who 

reside in the extreme eco-centric arena) hope that human beings are able to live and to 

live happily. The United States is a deeply committed welfare state, and the array of 

policies to that end suggests that social well-being is highly valued, and moreover, that it 

is valued by both “camps.”

Environmentalists seek to ensure human progress through the protection of the 

ecosystem that human beings rely on as the basic unit from which all goods and services 

are derived, even non-economic ones. As well, the cornucopians seek to ensure human 

progress through the growth and integrity of the economic system, which humans rely on 

for the distribution of goods and services. If the ecological system produces the goods 

and services that allow humans to live and to pursue happiness, and the economic system 

distributes them, then the two should be mutually inclusive rather than being seen as
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exclusive. The trade-off is not inherent, but has been created by the very social system 

that relies on both the ecosystem and the economic system.

The political process is part of the social system, and really deals with the 

allocation of power. Political institutions must grapple with the cost of energy on all 

fronts; however, one thing is clear in this debate about trade-offs: legislative bodies on 

the national and state levels, “ [deal] best with problems that can be expressed in 

economic term s.. .Congress couldn’t be at its best in this issue where human longings, 

nonmonetary incomes, culture shock, and dynamic social change dominate” (Weeden, 

1978, 137). Nor would Congress be at their best when questions arise that are not 

fundamentally economic (such as food security, perceptions of opportunity, or wilderness 

solitude) but that rely on economics directly or indirectly.

This thesis argues that the costs of electricity in rural Alaska are ecological, 

economic and social, and asks if the costs can be reduced through the implementation of 

renewable energy. It then presents two case studies, of what are essentially pilot projects 

of this implementation, and analyzes the costs and benefits for all three fronts.

Both of the cases presented are success stories. There have been failures, but much less 

about them is known and documented. For now, it is important to focus on what has 

worked for these success stories, while acknowledging what has not in the past.

The contribution that this study makes is twofold. First, it is an outline of what 

has worked and what has not worked in these two projects. This will be useful for policy 

makers in identifying viable projects in other communities and aiding in formulating 

funding criteria. Second, this study does not assume that any of the costs should
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outweigh the others. Rather, sustainable electricity systems for rural Alaska would lower 

all three costs.

Chapter 2 sets the stage by first discussing the energy crisis in rural Alaska. Next, 

the chapter explains the scope of the study. This scope is limited to supply-side electrical 

issues in rural Alaska. Then definitions of ecological, economic, and social costs are 

presented and discussed.

Chapter 3 presents an historical outline of the development of electricity and the 

early electrification of Alaska focusing on five population centers. Of particular 

importance in this chapter is the role of population booms and the shift from private 

enterprise to state and federal funding for electrical projects. Next, the chapter gives an 

overview of Alaska’s current electrical situation, highlighting some of the electrical 

differences between urban and rural Alaska.

Chapter 4 discusses the main economic subsidy used by the state of Alaska to 

lower rural electric bills, the Power Cost Equalization Program (PCE). This chapter 

follows oil development on the North Slope and energy policy in rural Alaska during the 

pipeline boom and the following oil wealth windfall. Next, the current state of the PCE is 

discussed while giving examples of its effects on rural communities. Finally, the PCE as 

a policy is analyzed.

Chapter 5 presents the first of two case studies. This chapter is about a wind- 

diesel hybrid electrical system in Kotzebue, Alaska. It begins with an introduction to 

wind energy highlighting its historical development and how it works today. Wind 

energy in Alaska is discussed, including past and current projects. Next, the chapter
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examines the project in Kotzebue including what the project is and does, as well as how it 

began and why. Finally, the chapter discusses the implications of this project for other 

communities in rural Alaska, and the advantages and disadvantages of wind energy.

Chapter 6 is the second of two case studies. This chapter discusses a geothermal 

energy project at Chena Hot Springs (CHS) Resort. It begins with an introduction to 

geothermal energy. It discusses historical uses and current geothermal technology used 

to generate electricity. Next, the project at CHS is described. The chapter presents a 

background of the project, motivation by the key players and its current state. Problems 

with technology, management and solutions are also discussed. Then, implications for 

other communities are highlighted by drawing on a recent related study of geothermal 

energy in the area. Finally, advantages and disadvantages of geothermal energy are 

discussed.

Chapter 7 is a comparative chapter that analyses both cases. The ecological, 

economic, and social costs and benefits are identified. This chapter uses both qualitative 

and quantitative analytical tools in order to see what effects these projects have had on 

the communities they serve.

Chapter 8 is a concluding chapter meant to briefly sum up the evidence and the 

research findings regarding both cases. It presents the major lessons learned and focuses 

on the factors that helped the projects described in the case studies succeed. Areas of 

further research will be discussed and finally, policy recommendations will be given.
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CHAPTER 2:

The Cost of Electricity

2.1 Introduction

Alaska has been an energy state for several decades (since the 1950s for oil, and 

earlier for coal). So far, Alaska has primarily focused on non-renewable energy 

resources such as oil, coal and natural gas. Despite being an oil exporting state, and 

having one of the largest coal deposits on the planet, Alaska has some of the highest 

electrical power costs in the United States. The Energy Information Administration 

(EIA), an independent statistical agency within the U.S. Department of Energy, ranks 

Alaska’s average price for electricity (measured in kilowatt hours) as the seventh highest 

in the Union.

The sheer geographical vastness of Alaska makes difficult the construction of a 

state-wide electricity grid, so most of the nearly 200 rural villages are not connected to a 

major power grid. Most of these villages are electrified by diesel powered generators 

connected to a mini-grid in the community. All rural communities are small in 

population, some still lack basic utility services, and most are not connected to a road 

system. This means that electricity production in rural Alaska cannot take advantage of 

economies of scale. This also means that rural Alaskan residents pay far more than their 

urban counterparts in Anchorage, Fairbanks and Juneau. For example, it is estimated that 

residents of Manley Hot Springs paid 86 cents per kilowatt hour (kWhr) in 2007 

(Holdmann, 2007). The state average is 13.28 cents per kWhr, and the national average



during the same time period was 10.65 cents per kWhr for residential customers (Energy 

Information Administration [EIA] 2009a).

This high cost of electricity is important not only in real dollars, but also as a 

percentage of household income spent on electricity. Few estimates single out the cost of 

electricity alone, but combined with heat it is estimated that some rural residents spend as 

much as 25 percent or more of their income on utilities, primarily electricity (Holdmann, 

2007). Energy cost estimates by the Institute for Social and Economic Research (ISER) 

suggest that in 2008 some 20 percent of households in rural Alaska with the lowest 

incomes spent as much as 47 percent of it on energy. This is up from 15.9 percent in the 

year 2000, and is far more than the 8.7 percent the same income group spent in 2008 for 

energy in Anchorage (Saylor et al., 2008).

Between 2002 and 2007, the median price of diesel fuel increased by 72 percent 

to $0.71/l ($2.70/gal) in rural communities (Kolker, 2008). The sharp increase has had a 

profound impact on rural communities (Saylor and Haley, 2007). Because nearly all 

villages rely on diesel for their primary electrical generation, the price of oil on the global 

market and the price of delivered diesel fuel affect the overall price of end-user 

electricity. The price of oil has proven to be highly volatile. Inflation adjusted prices1 for 

a barrel of oil reached an all time low in 1998 ($15.52), and an all time high in 2008 

($122.84) (Inflation Data, 2009). This volatility complicates financial planning and 

forecasting.

9
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High diesel prices are a serious economic problem statewide, and for this reason 

the state subsidizes electricity production in remote communities. Additionally, ISER 

estimates that prices of diesel in remote communities may vary by as much as 100 

percent depending on the transportation method and distance the fuel must travel. Not 

only are high electricity prices hard on households, they are hard on communities.

Money that must be spent on diesel fuel leaves the community and the consequential 

reduction in consumer demand is a barrier to self sufficiency and economic development.

Reliance on diesel also generates carbon and other greenhouse gas emissions, 

increases the risk of fuel spills, and perpetuates reliance on politically tenuous subsidies 

(Kolker, 2008). This high economic cost and dependence on diesel fuel is not lost on 

state policy makers. In January 2009 the Alaska Energy Authority (AEA) and the Alaska 

Center for Energy and Power (ACEP) produced the largest statewide inventory of rural 

community energy situations to date. The nearly 1,000 page document titled Alaska 

Energy, a First Step Toward Energy Independence: A Guide for Alaskan Communities to 

Utilize Local Energy Resources (referred to as the Alaska Energy Plan), acknowledges 

the struggle that high energy prices create not just in rural Alaska, but statewide. “AEA’s 

goal in developing the Alaska Energy Plan is to reduce the cost of energy to all Alaskans 

through deployment of energy technologies that are vertically integrated, economic, long

term stably priced, and sustainable” (AEA/ACEP, 2009, 6).

This study will draw from the narrative of the Alaska Energy Plan due, in part, to 

the large undertaking, and variety of technologies and solutions considered. (Also, it is
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the most recent comprehensive source.) For each community, a variety of technologies 

has been considered. For each viable technology, capital, operations and maintenance 

costs have been determined. Electricity prices from the status quo and alternatives have 

been calculated that include the fuel price based on delivery and capital cost of 

infrastructure. The price of diesel fuel was based on a range from $50-$150 per barrel.3

2.2 Scope of this Study

How can the cost of electricity in rural Alaska be reduced? Is renewable energy 

the answer? This study hypothesizes that the cost of electricity in rural Alaska can be 

reduced through the implementation of renewable electricity technology, and will focus 

primarily on electricity. Although electricity is only one part of a community’s energy 

needs, energy consumption such as heating and transportation are beyond the scope of 

this study, but will be mentioned. In electricity generation there are producers (supply) 

and users (demand). This study will focus on the supply side of the equation. Although 

demand-side energy use can be improved through efforts of conservation and efficiency, 

these dimensions are as well, beyond the scope of this study. In order to answer the 

question of how to reduce the cost of electricity, we must first define cost.

The Alaska Energy Plan is primarily an economic cost/benefit analysis.

However, the economics of electricity are only one portion of the overall problem. A 

complete understanding of the system would include ecological and social costs and

3 However, some of the particular data regarding the Kotzebue wind-diesel project conflicted with other 
published data, and thus will be avoided in favor of published data by the National Renewable Energy 
Laboratory and personal communications with Brad Reeves, the general manager of the Kotzebue Electric 
Association.



benefits as well. If policy makers wish to make decisions based on long-term effects of 

electricity, which would at least include the duration of the project (circa 20-50 years), 

the decisions must account for and include a range of variables outside of the economics. 

This study will show that the true cost of electricity has three components: ecological, 

economic, and social. Viewed this way, it can be considered part of a social ecological 

system (SES).

One way to reduce the costs of electricity generation in rural Alaska may be 

through the deployment of renewable energy technologies. This study will present two 

case studies of renewable energy technologies currently being used in Alaska: A wind- 

diesel hybrid system in Kotzebue, and a geothermal power plant at Chena Hot Springs 

(CHS). It will then attempt to identify what is working and what is not based on 

quantitative and qualitative cost/benefit analyses for all three aspects of the issue— 

ecological, economic, and social. This is not an exhaustive list of possible alternative 

electricity technologies in Alaska; instead, the choice was limited to the two projects with 

the most years of operation and data available.

An economy is a system for the distribution of goods and services. The economy 

has a large impact on a society—they are linked. As well, all economies depend on 

ecological services to produce the economic goods (i.e.—natural resources, labor through 

water, air and calories, etc...). Therefore, the ecological aspect of a SES is the 

foundation on which both economies and societies rest. Without a healthy environment 

neither will be productive nor continue to be perpetuated. “Markets are not, in fact, ‘free’
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from nature because economies are embedded in nature. Moreover, markets are not ends 

in themselves, but tools at the service of human well-being” (Paehlke, 2004, 63).

2.3 The Ecological Cost of Electricity

The age of industrialization was fueled by cheap and abundant sources of energy 

in the form of fossil fuels such as oil, coal and natural gas. This energy was harnessed for 

human use through the process of combustion. The process of combusting fossil fuels 

creates negative market externalities in the forms of pollution and greenhouse gases 

(GHGs). However, the combustion of fossil fuels also unlocks some of the most 

concentrated forms of energy on the planet, and allows industrialization to continue, the 

capitalist economies to grow, and increases the possible consumption of each individual. 

This growth and consumption have come at a price. If all developing nations were to live 

and consume the way individuals in the U.S. do, it is questionable whether or not the 

planet could sustain the growing stress placed on its resources and the ensuing 

environmental damage it would cause (Schreurs, 2002).

One of the main ways that inhabitants of the U.S. consume natural resources is by 

means of energy production. A considerable amount of these resources are not located 

within the nation, and therefore, according to political scientist Schreurs, “the 

environment is being linked to the country’s concerns with energy security and foreign 

policy” (2002, 4).

By the late nineteenth century scientists had discovered the “greenhouse effect” 

(Layzer, 2006, 280). This is the process that keeps our planet warm. The earth absorbs
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some of the energy from the sun and reflects some as well. “Greenhouse gases capture 

some of the long-wave radiation that is reflected back to space and reradiate it back to the 

surface. This warms the temperature on the earth’s surface and makes life on earth 

possible” (Schreurs, 2002, 145). Greenhouse gases include water vapor, CO2, methane, 

nitrous oxide, tropospheric ozone, and various industrial chemicals including CFC’s. 

“CO2 is believed to account for about half of the greenhouse effect” (Ibid).

The consumption of oil and other fossil fuels for energy production is linked 

directly to the global rise in CO2 emissions. In 2008, nearly 70 percent of the U.S. 

energy production came from the burning of fossil fuels, i.e.— coal, natural gas, and oil 

(United States Geological Survey [USGS], 2008).

In 1985 scientists from 29 countries met and together they agreed that, “human 

activity was causing increases in atmospheric concentrations of greenhouse gases and 

estimated that doubling of atmospheric concentrations of CO2 could lead to an increase 

in the global mean surface temperature of 1.5 to 4.5 degrees Celsius” (Layzer, 2006,

283). They also agreed that an increase of global temperature of this magnitude has not 

been seen since the beginning of the Holocene nearly 12,000 years ago. They called for 

policy-makers to take action.

Over the last two decades climate change science has continued to evolve. There 

is now growing certainty regarding the relationship between anthropogenic greenhouse 

gases and climate change. According to Layzer, in 2002 the Bush White House “woke 

up” to the fact that fossil fuel emissions were directly causing global warming. “In June 

of 2002 the White House sent a climate report to the U.N. that acknowledged the role of
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fossil fuel burning in global warming but did not propose any major changes to U.S. 

policy” (2006, 303-304).

One way to reduce greenhouse gas emissions is to transform the way we produce 

electricity. In order to reduce fossil fuel burning the use of renewable energy, such as 

solar, wind, geothermal, hydroelectric, wave, and tidal power, have all been explored.

The use of renewable energy would reduce the burden of natural resource extraction on 

the earth, and therefore move electricity production toward a more sustainable pattern. 

However, renewable energy, as it is defined, also includes the burning of bio fuels (such 

as ethanol, wood, waste, etc.) which themselves produce varying amounts of CO2 and 

other greenhouse gases (GHGs).4 Nuclear energy is also considered as an alternative to 

the status quo of fossil fuel combustion, and pilot projects are in the planning and 

permitting phase for a small nuclear facility in Galena. While nuclear is abundant, 

renewable, and nearly free of GHGs, it does produce radioactive waste. Currently, there 

is no working plan to store or dispose of this waste in non-harmful ways.

The clear goal is the production of “clean” energy, i.e.— electricity production 

that produces no emissions or waste. Clean energy sources are readily available in many 

forms; however, the utility companies of the U.S. depend largely on coal, natural gas, and 

crude oil (usually in the form of diesel gasoline) for electricity production because of 

their low economic cost.

15
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The overall small scale of electricity production in rural Alaska produces 

negligent amounts of GHGs and other pollutants. The Energy Information 

Administration estimates that although Alaska ranks number one in per capita energy 

consumption in the U.S., in 2007 it contributed only 0.2 percent of the nation’s CO2 

(EIA, 2009b). The percentage of national CO2 contributed by rural communities is 

necessarily even smaller. For example: Kotzebue burned 1,423,573 gallons of diesel fuel 

in 2007. Each gallon burned released 21.5531 pounds (lbs) of CO2 (Kolker, 2008). That 

results in a total of 13,917.31 metric tons of CO2. The State of Alaska as a whole 

emitted 4,301,706 metric tons of CO2 in 2007. It should be noted, that even though this 

number is small, it is still significant— every bit counts, and the number is fairly high on a 

per-capita basis.

Of course, climate change and GHGs are not the only environmental damage 

associated with fossil fuel combustion. Others include air pollution in the form of 

particulate matter and associated health risks, and acid rain from sulfur dioxides and 

nitrogen oxides. As well, fossil fuel combustion releases mercury, a toxic heavy metal 

that concentrates in the food chain (called bioaccumulation) (Komor, 2004). This is 

certainly a concern for rural Alaskans who depend on subsistence foods.

Other ecological impacts that must be taken into account regarding rural Alaska’s 

consumption of diesel fuel are transportation and storage of the fuel. AEA in partnership 

with the Denali Commission, an agency of the Department of Commerce that is directed 

by Federal and State co-chairs with the primary purpose of economic development in 

rural Alaska, provides grants and loans for bulk fuel storage upgrades, which can be

16



quite expensive. This does not, however, necessarily lower the risk of fuel spills during 

transportation. It is nearly impossible to quantify the value of an avoided fuel spill in 

either economic or ecological terms. It is possible to quantify the economic cost of the 

clean up, but this does little to further the understanding of the damage in ecological or 

social terms.

Renewable energy also has environmental impacts. The most significant would 

be the land used for the power plants and transmission lines. However, because these 

already exist, the impact should be no more than normally associated with fossil fuel 

power plants. Other possible impacts are technology specific and since this study uses 

wind and geothermal case studies, those impacts are related only.

There is a possible danger to wildlife from wind turbines. Birds and bats are 

occasionally caught in the blades of wind turbines. This may be significant in coastal 

communities where the birds in question may be protected by either the Endangered 

Species Act, or the Migratory Bird Treaty Act (Asplund, 2008; Davis, 1984).

Construction of geothermal plants can adversely affect land stability in the 

surrounding region and drilling can induce seismic activity. Some geothermal power 

plant systems (see Chapter 6) can produce toxic solid materials, or sludge, which must be 

disposed of, and this could prove to be a challenge in rural Alaska (Asplund, 2008; 

Kolker, 2008).

Ecologically speaking, the cost of diesel generated electricity in rural Alaska 

includes GHG emissions, other air-born pollutants, mercury, and the risk of fuel spills. 

Renewable energy, because it requires no fossil fuels, should reduce emissions,
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pollutants, and the risk of fuel spills associated with transportation and storage. For the 

purposes of this study, the ecological costs of electricity production will be evaluated 

qualitatively based on the above factors.

2.4 The Economic Cost of Electricity

One of the major barriers to the expansion of renewable energy is the high up

front capital cost that is usually associated with it. Generally it costs more money to 

construct a renewable energy power system than a fossil fuel power system with the same 

output capacity (Komor, 2004; Asplund, 2008; Kolker, 2008). The advantage of 

renewables is that there is usually no fuel cost (the wind is free, the sun is free). This 

means that most of the operation and maintenance costs are relatively lower than a fossil 

fuel facility, and they also tend to be fixed, or more importantly, stable. In many cases, 

this low fixed operation and maintenance cost contributes to renewable energy projects 

being less expensive over the life of the project, than relatively similar fossil fuel 

projects. The main difference is the up front capital outlay.

However, planners need certainty when designing projects. It would be helpful if 

there were an easily identifiable cost estimate for the deployment of renewable energy 

technologies. However, just as most construction projects are site specific in cost 

estimates, so are renewable energy technologies. Additionally, the geography of 

Alaska—mountains, glaciers, and vast distances between communities—increases the 

cost of nearly everything.



The transportation of materials and personnel is extremely expensive in rural 

Alaska, and even seasonal conditions and temperatures can influence the ability to move 

things from one place to another. For example, in Kotzebue materials and equipment 

must arrive on a barge in the summer, but construction of wind turbines takes place in 

early and late winter due to the possibility of damaging the tundra in the summer with 

heavy equipment. This means that if  the community finds it necessary to rent a crane for 

the erection of the turbine towers, it must rent it for an entire year. It will arrive in the 

summer, be used in the winter, and leave the following summer. This is one aspect of 

what is colloquially known as the “Alaska factor” (Kolker, 2008) which generally takes a 

cost estimate of construction and doubles it.

The economic cost of electricity produced by wind or geothermal, for example, is 

calculated by adding up the costs of the project, such as land, construction, labor, 

operating costs, and transmission lines and dividing them by the expected electricity 

output over the lifetime of the materials (Asplund, 2008). This produces the cost of 

electricity in terms of kilowatts per hour (kW/hr). In evaluating a community’s ability to 

benefit from renewable technologies, the end-user cost in kW/hr is one of the most 

significant criteria.

Between 1980 and 2006 the cost per kW/hr of wind electricity has fallen from 

approximately 80 cents to 3.6 cents (Ibid). However, these estimates are based on large 

multi-megawatt (MW) turbines, which one finds in places like California and Texas, and 

are not currently deployed in Alaska. The wind turbines in Alaska are smaller and cannot 

take advantage of these economies of scale.
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According to the National Renewable Energy Laboratory, a laboratory for the 

U.S. Department of Energy (DOE),

Recent studies show that the installation of wind energy projects in Alaska 

ttypically costs between $2,500 and $7,000 per kilowatt of installed wind 

capacity, depending on the community’s size, accessibility, and differing soil 

conditions... only about 30% of these costs relate to the actual turbine and tower 

hardware. (Baring-Gould and Dabo, 2009, 10)

Other variables that influence the end-user cost of electricity for renewable 

projects include government regulation of prices, subsidies, and the particular business 

structure of the utility or owner of the project. Many of these variables are outside the 

control of the community.

Geothermal power projects are capital intensive due to the costs of exploration, 

drilling wells, and plant construction, but they have very low operation costs and no fuel 

costs (Asplund, 2008; Kolker, 2008). Some generalized estimates by the DOE and 

reported by Asplund (2008) suggest that the general installation cost of a geothermal 

power plant is approximately $2,500 per kW, which is higher than a similarly sized 

natural gas plant. However, natural gas plants have high operation costs due to variable 

fuel costs. A 2003 comparative report by the California Energy Commission (CEC) 

shows that a new geothermal power plant was expected to cost 4.5 to 7.5 cents per kW/hr 

compared to 8 to 9 cents per kW/hr for natural gas (CEC, 2003). This was, however, a 35
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MW power plant and was assumed to be able to benefit from a variety of federal and 

state renewable energy tax benefits. Most Alaska villages with geothermal potential will 

probably build much smaller plants and would not be able to take advantage of 

economies of scale.

Most village utilities in Alaska are cooperatives and the end-user cost is 

calculated based on the cost of production and possible state subsidies such as the Power 

Cost Equalization Program (PCE— See Chapter 4). However, financing plays a large role 

in the economics of renewable energy projects, and the ability of a community to obtain 

such financing, and the conditions of that financing (i.e.—loans, grants, or cash) will alter 

the project feasibility, terms, and end-user costs.

Another aspect of the economic costs of electricity plants in general is the very 

real possibility of either a carbon tax or a cap-and-trade system. Though this is a sidebar 

regarding current economics of electricity plants, policy makers and investors are 

increasingly aware of the potential of these programs to alter the operation and 

maintenance costs of a power plant. It would also give renewables, because they produce 

no CO2 emissions, an advantage.

Both of these schemes (a carbon tax or cap-and-trade system) are attempts to 

internalize some of the environmental externalities associated with fossil fuel electricity 

production. They will also create a dollar value for a metric ton of CO2. Real carbon 

markets currently only exist in Europe and on an international level through the Clean 

Development Mechanism of the Kyoto Protocol to the United Nations Framework 

Convention on Climate Change. The U.S. does not participate in the European carbon
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market and is not a party to the Kyoto Protocol. There is a voluntary carbon market in 

the U.S. called the Chicago Carbon Exchange, which is a pilot project for the trading in 

GHGs. While some may consider this an ecological cost of electricity production, 

planners and policy makers are considering the future possibility, which seems 

increasingly likely, of an emerging carbon market in the U.S. This will alter the 

economic playing field between fossil fuel derived electricity and renewables.

There are several low-interest loan and grant programs that renewable energy 

projects in Alaska are eligible for, such as the Production Tax Credit (PTC), which 

provides tax benefits for the first ten years of a renewable energy projects’ operation, and 

the Clean Renewable Energy Bond offered through the Internal Revenue Service (IRS) 

which provides very low-interest loans. Additionally, there are tribal grants, cost-share 

programs, and in 2008 the Alaska State Legislature created the Renewable Energy Grant 

Program under House Bill 152, which provides up to $250 million in grants and loans 

over five years for renewable energy projects (discussed later).

Each of these programs will affect the financing and thus, end-user cost of 

renewable energy projects in Alaska. However, subsidies for fossil fuel use in remote 

communities are strong disincentives to renewable energy development while positive 

externalities such as energy security and reliability are rarely explicitly accounted for in 

economic analyses of energy projects (Kolker, 2008).

Therefore, in the scope of this study, the economic costs of electricity will be 

quantitative and concerned with end-user costs (which are derived from the production 

costs including construction, financing, and fuel use) and the role of state subsidies,
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particularly the PCE program. The role of a future carbon market will be considered, but 

will be impossible to accurately quantify.

2.5 The Social Cost of Electricity

Measuring the social costs of electricity is much more difficult than measuring the 

ecological or economic costs. This is due, in part, to the complex interaction between the 

three. There may be no such thing as a pure social cost. Minimizing the environmental 

impact and economic costs are one way of minimizing the social costs, so they will play a 

role in the final social analysis. As well, the impact from the two case studies in the 

context of potential development in other communities will be considered as a social cost 

or benefit.

Many of the perceived benefits of renewable energy are difficult, if  not 

impossible to quantify, such as boosting local economies, job creation, diversity of 

electricity markets, decreasing the dependency on local or imported fossil fuels, the 

psychological importance of self-sufficiency and price stability by protecting consumers 

from volatile global fossil fuel markets. These benefits would be considered positive 

market externalities, which would not be included in the economic costs and benefits of 

renewable energy production, because they are not generally included in the transaction 

cost. Typical project planners look primarily at the cost of doing business versus the 

amount of revenue that can be generated from the business. This avoids messy aspects 

such as how a community feels about a project. Does the project help empower a 

community? If so, can you place a dollar amount on that? No.



24

A growing body of literature is attempting to accurately quantify such 

externalities, and the studies almost always show that investing in renewable technologies 

produces net benefits for society in the long term (Beccali et al., 1998; Cecelski, 2000; 

Cairns, 2004; Sison-Lebrilla and Tiangco, 2005; Douglas, 2006; Moran and Sherrington, 

2006; Vachon and Menz, 2006; Zhou et al., 2007; Ilskog and Kjellstrom, 2008; Kolker, 

2008; Brent and Kruger, 2009).

A standard template for estimating the social costs and benefits of renewable 

energy projects has not yet emerged (Kolker, 2008). Several recent studies assessing the 

economic impacts of renewable energy policies have noted that more work is needed to 

explicitly treat the public (social) benefits of renewable energy in energy economic 

analyses, including the fossil fuel hedge value5, the benefits of reduced carbon emissions, 

and employment and economic development impacts (Chen et al., 2007).

Any analysis of the social costs and benefits would be limited if it did not 

consider the political aspects as well. Institutionalization of the efficacy of renewable 

energy in the political arena is necessary to create an environment that fosters the growth 

of the industry and the deployment of the technologies. To this end, as stated above, the 

state of Alaska has created a Renewable Energy Grant Program, and commissioned the 

Alaska Energy Plan. On the one hand, both lend legitimacy to the need for renewable 

energy. On the other hand, the perpetuation of the PCE program continues a climate of 

state-sponsored disincentives for the deployment of renewables. Some considerable re-

5 A hedge is a way for producers and consumers to reduce the risk from changing market prices, while 
producers can still generate a reasonable revenue stream and consumers can get the commodity they desire 
for a reasonable price. Renewable energy projects are a fossil fuel hedge because they use no fossil fuels 
and the end user price for electricity is not dependent on a fluctuating global price for fuel.



adjusting of the PCE program, or the employment of incredible political will, would be 

needed to see it sunset in the foreseeable future as it contributed approximately $25 

million in 2007 to rural communities. (See chapter 4.)

In January 2009, Alaska’s Governor Sarah Palin announced that Alaska would 

derive 50 percent of its energy from renewable resources by 2025. This may be an 

ambitious goal; it may also be a way to move closer to certain hydro-electric mega 

projects such as the proposed Susitna Dam. Alaska currently derives over 20 percent of 

its total electricity from hydro-electric dams around the state, which makes Alaska a 

national leader in renewables if calculated on a percentage value alone. However, in 

terms of overall installed capacity of renewables, Alaska contributes very little to the 

national total.

In terms of socio-political costs and benefits for renewables in the state of Alaska, 

this study will qualitatively concern itself with several market externalities, such as 

energy security, price stability, empowerment through choice, job creation, social capital, 

village out-migration, indirect costs of living, and the implications of these findings for 

other communities.

A thorough social-political cost/benefit analysis of renewable energy in Alaska is 

needed. This would necessarily take place in each community perhaps employing a 

stratified sampling of questionnaires, surveys and interviews. This is beyond the scope of 

this study. Instead, this study will identify if  the potential for these costs and benefits 

exist.
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2.6 Conclusion

This study poses the question: can the cost of electricity in rural Alaska be 

reduced through the deployment of renewable energy technologies? Humans do not live 

apart from the natural world; instead, they are part of a social-ecological system (SES). 

This is a complex system characterized by multiple variables and feed-back loops. This 

study will attempt to separate the costs and benefits of electricity into three categories: 

ecological, economic and social. However, all three categories interact with each other 

and pure costs in each category may not exist. It will employ two case studies of 

renewable energy projects in Alaska and ask if the costs of electricity in these cases have 

been reduced.

This study is both quantitative and qualitative. For each case this study will 

identify the “what, when and where” of the projects. It will also identify the “how and 

why” in terms of motivation for the projects and the expected benefits. It will also show 

whether or not these costs have been reduced and whether or not there are benefits, but it 

will not attempt to measure, for each category, how much. This is due data problems and 

the lack of a standard template from which researchers can accurately translate, in 

quantitative terms, costs and benefits in the ecological and social categories to the 

economics.

Project planners and policy makers seek to get the most “bang for the buck” and 

projects that pay for themselves are especially attractive. However, whether or not a 

project becomes economically self-sufficient is not the sole criterion for decision-making.
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For example, roads are not constructed with the understanding that they will directly pay 

for themselves. Instead, they are subsidized and constructed in order to attain the indirect 

benefits of the roads, although many are economic, there are also qualitative benefits, 

such as freedom and access to other areas. However, projects that do not become self

sufficient will necessarily place an undue economic and social burden on the community. 

Yet, the current costs of the status quo are high enough, that many rural residents see a 

need for change. Is renewable energy the solution they seek?

It is also important to remember what the community wants. The Alaska Energy 

Plan provides an inventory of possible alternative energy sources so that each community 

can recognize its options and choose the one that is best suited for it. The choice itself 

may be a social benefit, but that choice will only be useful if  policy is in place to help 

transform that choice into a reality.
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CHAPTER 3 

Electrifying Alaska

3.1 Introduction

A comprehensive history documenting the electrification of the State of Alaska is 

much needed. With over two hundred cities, towns and villages, and spanning over one 

hundred years, a complete documentation would add much to the understanding of the 

development of Alaska. However, space does not permit a detailed historical treatment.

Yet, a brief sketch of the history will aid in contextualizing the current state of 

rural electricity, policies, and funding. This chapter will outline the history of the 

electrification of Alaska, focusing on a few key projects both on and off what we today 

call the “railbelt,” which is the transportation corridor and electrical grid that runs from 

Homer through Anchorage to Fairbanks. The historical outline will briefly mention the 

role of the Klondike Gold Rush, World War II and the Trans Alaska Pipeline System 

(TAPS) in expanding both population bases within the state and concurrent development. 

The historical section will focus on five communities and their electric utilities: Skagway, 

Copper Valley, Matanuska Valley, Anchorage and Fairbanks. (The history of electricity 

in the two case studies examined in this thesis, Kotzebue and Chena Hot Springs, will be 

included in their own sections respectively.) Finally, a description of Alaska’s current 

electrical situation will be presented. This description will include definitions for the 

railbelt and rural Alaskan electricity systems and their fuel types.
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3.2 Early Electricity

The electrification of Alaska follows a similar time-line as the contiguous 48 

states. Like other engineering technologies, electricity relied upon developments in other 

areas to make it possible. Most school children in the United States will recall the 

famous story of Benjamin Franklin flying a kite with a metal key attached in an electric 

storm. However, electricity has been known to human civilization for more than two 

millennia. Some ancient writers, including Pliny the Elder and Scribonius Largus, 

reportedly recognized the “numbing” effect of shocks from catfish and certain rays 

(Bullock et al., 2005).

In the nineteenth century the world would begin to understand electricity, which 

eventually led to field theory in modern physics. The electric motor was invented in 

1821 by the British scientist Michael Faraday (Kirby et al., 1990). Faraday was the first 

to establish that electricity could be produced by passing a magnet through a copper wire, 

and much of the electricity that we use today stems from this discovery. Electric 

generators and electric motors are based on Faraday’s principle: a generator converts 

mechanical energy into electricity, while a motor converts electricity into mechanical 

energy (The Need Project [TNP], 2008).

Today, most electricity is produced in large power plants using electro

mechanical generators that are driven from steam produced by burning fossil fuels— such 

as oil, natural gas, and coal— or from heat derived from nuclear reactions (McLaren,
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1984). A small but growing sector of the electricity industry now converts kinetic 

energy— such as wind or flowing water—into mechanical energy that is then converted 

into electricity, i.e., hydroelectric and wind power.

Although the electric telegraph was commercially demonstrated by the 1830s, 

prior to Thomas Edison’s invention of the light bulb in 1879 there had been little demand 

for electricity; after all, what could the average citizen do with it? Edison continued to 

pursue a generation and distribution system that would increase the demand for the 

electric light bulb and lamp (prior to this most factories and homes were lit by natural 

gas) (Granovetter and McGuire, 1998). On-site electric lighting systems had been sold 

and installed as early as 18786 and by 1885 were a booming business involving over 1500 

arc and incandescent systems, operating in homes and factories (Ibid; EIA, 2000).

One of the greatest leaps in technology that fueled the global demand for

n

electricity was the advent of alternating current (AC) electricity . Edison’s direct current 

(DC) systems had a very short transmission range of about one to two square miles (TNP, 

2008; EIA, 2000). In 1895 George Westinghouse opened a power plant at Niagara Falls 

that used alternating current and had a distribution radius of nearly two hundred miles 

(TNP, 2008).

6“Of the central station firms existing in 1882, only a handful powered incandescent lights, the rest 
providing arc lighting for outdoor illumination, or for hotels, factories or large public buildings. The first 
incandescent station was brought on line by Edison himself, on October 1, at Pearl Street, in New York’s 
financial district; it served no more than about a square mile. Arc lighting stations existed from 1879 on, 
but it was only incandescent stations that provided residential service and they eventually displaced arc 
lighting stations entirely. Thus it is common, if not literally correct, to describe Pearl Street as the “first” 
central station installation” (Granovetter and McGuire, 1998, 149).

7 Developed by George Westinghouse and Nikola Tesla (who once worked for Edison, and was fired)
(EIA, 2000).



Although the demand for electricity was on the rise, only about 2 percent of all 

energy used in the United States by 1920 was converted to electricity. By 2008, in 

contrast, over 40 percent of all energy used in the United States was converted to 

electricity (TNP, 2008). Not only was the total amount of energy converted to electricity 

on the rise, but in this short period of time a major shift in energy sources was also taking 

place: a shift to fossil fuels.

The process of electrification of the United States began unevenly, with industries 

such as textiles, mining, steel and printing converting to electricity rather rapidly (EIA, 

2000). The residential sector followed more slowly due to intense competition from the 

natural gas industry. However, by 1900 more than 25 million electric lights were in use 

in households and the public saw the introduction of electric vacuum cleaners, sewing 

machines and stoves (Ibid). In 1903, Samuel Insull commissioned a 5 megawatt steam- 

driven turbine generator that “launched a revolution in generator hardware” (EIA, 2000, 

1). This was the first of its type and the largest generator ever built.

Following the idea of an economy of scale, cities were the first to be electrified. 

As then, today it remains “cheaper, easier, and more profitable to supply large numbers 

of customers when they are close together” (EIA, 2000, 1). This has been the historic 

case for Alaska’s high prices of electricity, especially in rural Alaska. However, the 

distribution system of the railbelt of Alaska is tiny compared to the contiguous 48 states’ 

distribution grid, and because of Alaska’s small population, most electric utilities will 

probably not be able to take advantage of economies of scale (Black and Veatch, 2008).
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3.3.1 Alaska’s Early Electrification: Skagway

The earliest implementation of electricity in Alaska follows a similar time-line as 

the contiguous lower 48 states at the beginning, and then there was a severe time-lag due 

to lack of population centers. In 1896 gold was discovered at Rabbit Creek, Yukon 

Territory Canada. This discovery led to one of the largest gold-rushes in history: the 

Klondike Gold Rush. Although the gold was in the Yukon Territory of Canada, many 

prospectors, who had been hit hard by the financial crisis of the late 1890s, entered the 

Yukon via Alaska. The two most famous routes were up the Yukon River, from Nome in 

western Alaska, and along the Chilkoot trail, and over the famous Chilkoot Pass. To 

access the Chilkoot trail, prospectors arrived by boat at either Skagway or Dyea, both in 

southeast Alaska at the head of Lynn Canal.

According to Jeff Brady, writing for the Skagway News,

Stampeders were hungry for modern conveniences when they arrived on the 

Skagway beach beginning late summer of 1897. A tent city sprang up, but those 

who had a vision for the future, started planning a modern city with all the 

conveniences of a booming metropolis. (Brady, 2007, 1)

Skagway’s Electric Light Co. was established in late 1897. Soon after, Juneau’s Alaska 

Light & Power, which had been established in 1896, arrived and competition ensued 

(Ibid). By 1898 Skagway had electric poles running through part of the town and “local 

hotels boasted ‘steam heat’ and electric lights” (Ibid).
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In 1901 both companies were purchased by Northwest Light and Power (NL&P). 

This electricity was produced by wood-fired heat, and later, in 1902 a hydroelectric 

turbine was added to supply electricity in the summer months. In 1904 NL&P was sold 

and renamed Home Power Co.

The company was purchased in 1933 by Mr. and Mrs. John Pichotta, changing the 

name to Skagway Public Service Co. They added a 220 kilowatt diesel generator 

in 1939 to replace wood-fired steam power in the winter. Two more diesel units 

were added during World War Two, when Skagway was occupied by the U.S. 

Army. The Picohttas sold their business to the Garrett family and Alaska Power 

and Telephone in 1957. AP&T celebrat[ed] its 50th anniversary [in 2007]. From 

its roots in Skagway, it has expanded its operations to 33 communities all over 

Alaska from nine major service centers. (Brady, 2007, 1)

3.3.2 Anchorage

Alaska’s largest population center, Anchorage, had a slower start. In March 1914 

Congress authorized the funding for the construction of the Alaska Railroad that stretches 

from Seward to Fairbanks (Alaska Rail Road [AKRR], 2009). By 1915 a virtual tent-city 

had been erected on the shores of Ship Creek in present day Anchorage where the Alaska 

Railroad had moved its headquarters from Seward. Anchorage was incorporated in 1920 

and by 1929 the population reached 2,736 (Anchorage Chamber of Commerce [ACC], 

2009). During the construction of the Alaska Railroad, electricity was primarily supplied
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by a 900 kilowatt steam-powered generator. In 1927 the recently incorporated city 

entered into a contract for electricity with Anchorage Light and Power Company 

(ALPC), which constructed the “old Eklutna Hydro plant. Its first 1,000 kW began 

service in 1929, followed by a second unit in 1935. In 1937, ALPC installed a 700 k/w 

diesel power generating unit to supplement existing units” (Simonds, 1995, 1).

The Second World War had a significant impact on Alaska, both in terms of a 

population boom, and its associated infrastructure and economic development. In 1940, 

recognizing the strategic geographic position of Alaska, construction began on military 

bases in Anchorage, Fairbanks, Sitka, Kodiak and Dutch Harbor (Alaska Rural Electric 

Cooperative Association [ARECA], 1994). The rise of population increased demand on 

the electricity system and by 1945 exceeded the capacity of the existing system. The 

1930 census counted just over 59,000 people in the entire Territory of Alaska. By 1943, 

there were 152,000 military personnel in the Territory (ARECA, 1994). In 1946 ALPC 

installed an additional 600 kW diesel powered generator. In 1947 ALPC, searching for 

more power sources, leased the rear (stern) half of a wrecked ocean tanker, the Sackett’s 

Harbor, to utilize its boilers. This provided an additional 3000 kW, but was not a 

permanent solution. In 1948 a voter authorized bond measure provided the funding for 

an additional 1,000 kW diesel generator. However, the supply of electricity would not 

meet demand until the “new” Eklutna Hydro plant was built (Simonds, 1995).

In 1948, Joseph Morgan, Chief of the Alaska Investigations Office, submitted a 

report to the Commissioner of Reclamations proposing the “new” hydro-electric project 

in Eklutna. The report stated:
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The use of electric power in the power market area is expanding so rapidly that 

new installations of hydroelectric power plants are needed as quickly as possible 

to meet the emergency requirements of existing loads and to permit the 

establishment of new industries to support increases in population and economic 

development. (Simonds, 1995, 1)

The Eklutna Project was authorized in 1950 by Public Law 628, 81st Congress, 2nd 

Session, H.R. 940 (Ibid), for the purpose of encouraging economic development in the 

Territory of Alaska. Construction began in 1951. The project began running 

commercially in July 1955. The Eklutna power plant has two turbines that run for a 

combined rated capacity of just over 33,000 kW (330 mega Watts) (Ibid).

Following the Good Friday Earthquake of 1964, and a series of inspections, shut 

downs and tests, a new dam below the existing damaged dam was contracted for in 

March 1965. The construction was completed nearly a year ahead of schedule and the 

dam was operational by November of the same year. In 1967 the Department of the 

Interior created the Alaska Power Association (APA) to “direct the future course of 

Federal participation in water resource development in Alaska” (Simonds, 1995, 1). That 

same year, responsibility of the Eklutna dam was transferred from the Bureau of 

Reclamations to the APA. In 1996, the APA sold the dam to local power utilities 

including the Matanuska Electric Association (MEA) and Chugach Electric Association 

(CEA).



The Eklutna Project was not necessarily a standard reclamations project, and due 

to lack of direct agricultural benefits, no land was transferred. However, the project’s 

electric supply allowed social and economic development to occur in what today are 

Alaska’s most populous areas: Matanuska Valley and Anchorage. This project was a 

significant shift from private industry to government funding and administrative support. 

This trend would continue in a variety of forms.

3.3.3 Matanuska Valley

Another significant event that fueled both a population increase (though more 

modest than those mentioned above) and demand for electricity was the Matanuska 

Colony. This was an agriculture project that was part of Roosevelt’s New Deal, and 

operated through a joint venture of the Department of the Interior and the Federal 

Emergency Relief Administration (FERA). The project brought 201 families from the 

hardest hit farming areas of the mid-west to Alaska’s Matanuska Valley in 1935 (Explore 

North [EN], 2009; Matanuska Electric Association [MEA], 2009). Palmer, Alaska was 

originally established in 1916 as a stop on the Alaska Railroad, and an access point to the 

Chickaloon coal mines, (Ibid) and was selected as the site for the new FERA colony.

The Matanuska Colony became another beneficiary of the REA loan program 

(discussed below) and incorporated to form the Matanuska Electric Association (MEA) 

in 1941. That same year MEA borrowed $140,000 from the federal government at an 

interest rate of 2.46 percent to build its first electric transmission lines from the 

hydroelectric project at Eklutna (MEA, 2009). As of 2006, MEA provides electricity to
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more than 52,000 customers along more than 3,700 miles of transmission lines that span 

3,360 square miles (MEA, 2009). (For a complete history of the Matanuska Colony see: 

Atwood [1966] and Miller [1975]. A complete accounting of the development and 

construction of MEA can be found at its homepage; see reference sections. For a more 

detailed look at hydro-electric projects around the state up to the mid 1980s see Davis 

[1984].)

3.3.4 Copper Valley: Glennallen

In 1936 Congress authorized the Rural Electrification Administration (REA) as an 

agency of the U.S. Department of Agriculture (USDA) as part of President Roosevelt’s 

New Deal. The REA was charged with administering loan programs for electrification 

and telephone service in rural areas. In 1939 the REA was reorganized as a division of 

the USDA (REA, 2008).8 Although the REA was created to electrify family farms, 

particularly in rural areas of the south east United States, from the 1930s through the 

1950s Alaska, including Anchorage, was considered a rural area. One Alaska beneficiary 

of the REA is the Copper Valley Electric Association (CVEA), located in Glennallen, 

Alaska. Prior to this, Central Alaskan Missions (CAM) generated power for themselves 

and a few Glennallen residents.

CVEA was organized into a cooperative in 1952. In 1959 the first electricity 

from a diesel generation plant was sent though the newly constructed 48 miles of 

transmission lines (CVEA, 2009). In 1964 CVEA also served Valdez and following the
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“Great Alaskan Earthquake” on Good Friday of 1964, CVEA extended its electricity 

service to the newly relocated town site of Valdez.9

The first section of the Trans Alaska Pipeline System (TAPS) was laid in late 

March 1975, just 70 miles north of Valdez (Coates, 1993). This had a noticeable impact 

on the communities served by CVEA as populations surged and pipeline camps emerged 

near Glennallen. As demand surpassed supply, CVEA was forced to purchase 

supplemental power from the pipeline camps. In 1976, CVEA installed two 2600 

kilowatt engines in Glennallen, and two more in Valdez (CVEA, 2009) to meet the 

demand ahead of the shutdown of the pipeline camps.

As early as 1965 CVEA considered buying power from the Solomon Gulch 

Hydroelectric Project. Groundbreaking for the project did not begin until 1978, and it 

was completed in 1981; later it was sold to the Alaska Power Authority. The Solomon 

Gulch hydroelectric dam went online as the primary electricity generator for CVEA in 

1982 (CVEA, 2009).

In 1992 Petro Star Inc. constructed an oil refinery in Valdez and became CVEA’s 

single largest customer. Rather than building its own power plant, in 1994 in a joint 

effort between Petro Star and CVEA, a cogeneration plant was designed, constructed, and 

commissioned in 2000. This five mega watt electricity plant provides increased power 

for CVEA’s customers and waste heat to enhance oil refining at Petro Star (Ibid).
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3.3.5 Fairbanks

In 1901 Captain T.E. Barnette was attempting to set up a trading post in 

Tanacross, but low water forced his steamer off the Tanana River and up the Chena River 

instead. About seven miles up the Chena River, Captain Barnette and his wife were 

deposited by the captain on high ground with supplies for a trading post. This eventually 

became Fairbanks. Gold was discovered in 1902 and the miners flooded in. Fairbanks 

was incorporated in 1903(City Of Fairbanks [COF], 2009) and by 1908 the human 

population surged to over 18,000 (Fairbanks Alaska Homepage [FA], 2009).

By 1920 the population of Fairbanks had shrunk to just over 1,000 residents and 

remained low until World War II. Ladd Air Force Base was originally a cold weather 

testing station, and was later renamed Fort Wainwright. The military brought its own 

electrical generation devices, but the indirect economic boom caused the City of 

Fairbanks to have a shortage of power capacity. In 1946 Golden Valley Association was 

incorporated and became another beneficiary of the REA loan program. Today, GVEA 

serves over 90,000 residents from Fairbanks, Delta Junction, Nenana, Healy and 

Cantwell (GVEA, 2009). GVEA provides over 223 MW and operates more than 3,000 

miles of transmission lines and makes up the northern hub of the railbelt electric grid that 

stretches from Fairbanks to Anchorage, Seward and Homer.

Although little information exists on the early formation and progressive increase 

of electrical generation from GVEA, one of the most important aspects of this 

cooperative is the Battery Energy Storage System (BESS), which came online in 2003. 

BESS allows GVEA a backup system for short power outages from power plant
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disruptions by providing up to 27MW for fifteen minutes, or up to 40MW for shorter 

periods (GVEA, 2009). In 2007 BESS responded to 65 power shortage events that 

prevented customers from experiencing power outages— a very important feature in the 

interior of Alaska, especially in the winter when cold temperatures can freeze building 

and residential pipes in less than a few hours. BESS is probably the largest battery in the 

world (Conway, 2003). This is interesting because renewable energy resources that are 

variable, such as wind, cannot meet the entire needs of a community without a large 

storage device. The proven ability of BESS to perform in a commercial application 

shows that the technology is available, even if very expensive.

3.4 Historical Conclusion

The development and electrification of Alaska follows the boom-bust cycle of 

Alaska’s population and economic history. The first wave of electrification came with 

the first population and economic boom during the Klondike gold rush. The second wave 

came during the influx of military personnel during World War II. Following Alaska’s 

statehood in 1959 population and federal spending became more stable. The Trans 

Alaska Pipeline infused the State with money and increased the population significantly 

impacting the demand for electricity, especially in the largest urban centers of Anchorage 

and Fairbanks.

The first wave of electrification during the gold rush was fueled by demand and 

supplied by private enterprise competition. The second wave was also fueled by demand 

from dramatically increasing population but relied more heavily on federal spending,
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both in the forms of low-interest loans provided by the REA and by federal capital 

appropriations from the Bureau of Reclamations. The third wave followed a hybrid 

pattern and was a mixture of private enterprise, state, and federal spending.

The electrification of Alaska is still in progress. The historical outlines of these 

communities show a shift from private enterprise to federal financial and administrative 

support. Both of the cases presented in this study were also aided significantly by state 

and federal spending. If the deployment of renewable energy technologies is shown to 

reduce the cost of electricity in rural Alaska, the development may follow a similar 

pattern. The costs of electricity go beyond the economic, and it is economically 

conservative to assume that private enterprise should foot the bill of a transition from 

fossil fuels to renewables.

3.5.1 Rural Alaska

Although some rural areas in Alaska had electricity as a result of the above 

mentioned forces, the vast majority of rural villages were not electrified until the 1950s 

when the Bureau of Indian Affairs (BIA) installed small diesel generators in some of the 

village schools for lighting (AEA/ACEP, 2009). This was not centralized power and was 

not available for residential use. Notable exceptions were the larger hub communities of 

Bethel, Nome, Dillingham, and Kotzebue (see Chapter 4). In 1975 an estimated 85 rural 

communities, with small populations (most with fewer than 200 residents) had no 

centralized power system. Due to the increase in state revenues from oil wealth, over the 

next ten years grants were provided for rural electrification and by the mid 1980s most
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communities had a central diesel electricity generator system— a mini-grid (Ibid). 

Ironically, the high price of oil that allowed the state to finance these projects, also meant 

high prices for the fuel used in rural Alaska— diesel. The high end-user costs for 

electricity were immediately apparent. This was not lost on policy makers. (See Chapter 

4: The Power Cost Equalization Program.)

However, alternatives to diesel fuel, such as solar, wind, or small scale hydro 

were not economically feasible at the time due to the high cost of operation and 

maintenance and lack of commercial grade technologies that were ready for an arctic 

environment. Those projects that were developed soon failed. This led to general 

disenchantment with alternative energy projects and the lead agency charged with 

developing these projects, the Alaska Division of Energy and Power Development was 

eliminated in 1983 (AEA/ACEP, 2009).

Analysts who prepared House Research Report 85-C, in 1985, an analysis of rural 

energy projects, stated that the failures of alternative/renewable energy projects were due 

to several institutional factors:

State agencies did not develop strong management capabilities; agencies lacked 

methods for assessing the technical and financial feasibility of projects; 

coordination among state agencies was often lacking; features of an alternative 

technology were often poorly matched with a useful rural application; unrealistic 

expectations existed about what an agency or technology could accomplish; and
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too much responsibility was delegated to contractors, while the state often 

assumed the risk in the performance of the project. (AEA/ACEP, 2009, 35-36)

3.5.2 Alaska’s Current Electrical Situation

In terms of electrical generation, Alaska can be divided roughly into three

regions: the railbelt, rural Alaska, and Southeast Alaska. This section will focus

predominantly on the railbelt and rural Alaska. Southeast Alaska, or the panhandle,

presents a complicated situation in terms of classification. There is one large population

center, Juneau, and the rest resembles, for the purpose of power generation, rural Alaska.

Juneau, the State Capitol, with a population of around 30,000 relies mostly on

hydroelectric power10, and for this reason is less relevant to a discussion regarding

electrical generation transitions to renewable energy. The rest of the Southeast will be

included in the classification of rural Alaska because of the size of the populations, and

the mini-grids they employ.

Unlike most areas of the United States, Alaska’s electrical infrastructure is

independent. It is not connected with other electrical grids and is therefore a series of

electrical islands (Newton, 2008, 32). This presents both some challenges and

opportunities. The lack of interconnections with other electrical grids presents challenges

because the situation mandates electrical independence, and coupled with Alaska’s low

population means that most electrical generation will not be able to take advantage of

10 The 2008 failure of the transmission line, due to an avalanche, provides an interesting argument that the 
residents of Juneau have a high level of adaptive capacity regarding demand side energy use. As the price 
per kW/hour rose due to diesel production being brought online to compensate for the lost hydro power, 
residents dramatically scaled back their usage. However, once hydro was back online and the price per 
kW/hour went down, residents returned to their usual energy consumption.



economies of scale (Black and Veatch, 2008). However, the same situation also provides 

opportunities. Alaska has the potential to test new technologies and energy policies that 

may be exported to other regions of the globe. Because of a lack of interconnection with 

other grids, the engineering of the infrastructure does not have to contend with external 

variables— such as transmission line compatibility.

What Alaska does have to contend with is geography. The sheer distance 

between population centers requires lengthy transmission lines in the railbelt grid system 

(explained below). For the more than 200 Alaska villages that have public or private 

utilities the electrical systems are considered mini-grids. These mini-grids are stand

alone systems that provide electricity to just a few homes and businesses in the smallest 

communities, and up to several thousand homes and businesses in larger communities 

(for example, Nome, Kotzebue, and Bethel).

The major population centers in Alaska, excluding Juneau, are connected by one 

electrical grid: we call this the railbelt grid. This grid runs from Homer and Seward, on 

the Kenai Peninsula, through Anchorage, the Matanuska Valley, and all the way to 

Fairbanks in the Interior. It provides 80 percent of Alaska’s total electricity (Renewable 

Energy Alaska Project [REAP], 2007).

This railbelt grid system is unique compared to others in the U.S. First, there are 

six utility companies that supply electricity to the grid, and they are only loosely 

coordinated. Second, as compared to other grid systems it is quite small. For example, 

the peak load of all six utilities combined is 875MW (Black and Veatch, 2008).

According to Black and Veatch (an independent consulting firm) and the Energy
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Information Agency (EIA) the continental U.S. has over 100 generation units that have a 

nameplate capacity11 greater than 900MW (Ibid; EIA ,2008a). Essentially, the railbelt 

grid is small in capacity, but very large in geographic scale. This adds another challenge. 

This grid has been described as a “long straw” (Black and Veatch, 2008, 39) because of 

the lack of interconnections (to other grids) and redundancies. Although this poses 

engineering and technical challenges, electrical transmission over this vast area is 

certainly possible. As well, each of the six railbelt utilities has developed its own long 

term resource plans with lack of overall coordination, which “has led to less optimal 

results [from a Regional Perspective] relative to what could be accomplished through a 

rational, fully coordinated regional planning process” (Black and Veatch, 2008, 40).

Both Black and Veatch and Governor Palin propose a unification of the railbelt utilities.

This finding by Black and Veatch is directed at the railbelt utilities, yet may prove 

instructive from a policy standpoint. Regional coordination in developing renewable 

energy technologies may have significant economic benefits, even if only in 

transportation costs.

3.5.3 Fuel

Alaska uses several fuel sources for electrical generation. Natural gas accounts 

for 54 percent of the state’s total electrical generation. Hydro-electric follows with 24 

percent, then petroleum residual contributes ten percent, oil nine percent, and coal just

11 Nameplate capacity refers to the maximum rated output of a generator under specific conditions 
designated by the manufacturer. Generator nameplate capacity is usually indicated in units of kilovolt
amperes (kVA) and in kilowatts (kW) on a nameplate physically attached to the generator.
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three percent. Wind, solar, and biomass account for about 0.2 percent of Alaska’s 

electrical generation (REAP, 2007).

Two things stand out regarding fuel: 1) the high percentage of hydroelectric 

power, and 2) the very high percentage of natural gas. The 24 percent hydroelectric 

power is quite impressive compared to other states in the U.S. It is the largest percentage 

of electrical generation from a renewable source in any state, and provides eight percent 

of the railbelt grid electricity. There are 27 hydro projects in Alaska that serve utility 

customers and an additional 20 privately owned hydro projects. However, the potential 

for hydroelectric power vastly outreaches the installed capacity. Additionally, most of 

the larger projects, like Bradley Lake near Homer (126MW) and the Blue Lake project 

near Sitka (8MW) store energy by impounding water in a reservoir behind a dam. The 

sustainability of dam building, because of the consequential alterations to the landscape 

and ecosystem, is still in question but beyond the scope of this work.

Obviously, the largest single fuel used in Alaska is natural gas, accounting for 54 

percent of the state’s total electrical production. This is due to the fact that rich, but 

declining, gas reserves are located within economic proximity to Anchorage—the state’s 

largest population center. Chugach Electric Association (CEA), one of the six railbelt 

utilities, derives 93 percent of its electrical generation from natural gas (Black and 

Veatch, 2008). There are several problems associated with reliance on one fuel source: 

price, availability, and deliverability. First, the price of natural gas paid by Chugach 

Electric has increased more than 400 percent in the last twenty years (Ibid). Second, the 

two major natural gas fields that serve the rail-belt are Marathon and Beluga. The current



gas supply contracts are expected to expire by 2011, and Chugach expects to pay an even 

higher price once the contracts are renegotiated. Third, the natural gas reserves of these 

fields have decreased by 80 percent and by the year 2017 the natural gas is projected to 

supply less than half of the demand (Ibid). Certainly, diversification in fuel type is 

warranted for the railbelt if  only for reliable electrical deliverability, not to mention added 

benefits that may include economic and ecological— depending on the fuel type and 

source that is utilized.

The dominant fuel for electrical generation in rural Alaska is diesel gasoline 

(REAP, 2007). There are several issues with this fuel type. Certainly there is the 

problem of relying on a non-renewable resource. However, what is most obvious and 

impacts the communities the most is economic cost. On average, rural residents contend 

with electricity prices that are more than 400 percent higher that in Anchorage, in both 

real dollars and percentage of household incomes (EIA, 2009b; Colt et al., 2003). Some 

of the reasons for this price discrepancy are: inefficient diesel generators, distance to 

refineries, and lack of fuel storage. Most rural villages rely on one or two shipments of 

diesel per year—provided that a barge can overcome river conditions, or changing sea-ice 

patterns. If not, fuel must travel by air cargo, which is substantially more expensive. 

Some communities rely solely on air cargo for their fuel needs.

Alaska, on average, pays the seventh highest rate in the nation per kilowatt hour 

(kW/h) (Black and Veatch, 2008). This fact is not lost on policy makers. In March of 

2008 Alaska’s state governor appointed Steven Haagenson to serve as the energy 

coordinator and executive director of The Alaska Energy Authority (AEA). AEA is a
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central actor in energy policy development and implementation in Alaska and its main 

goal is to lower the cost of energy. One of the ways it proposes to do so is through 

renewable energy projects (AEA, 2008a). Currently, AEA manages or funds 47 projects 

with state and federal funding totaling $21.9 million in the areas of hydroelectric, wind, 

biomass, transmission and distribution, geothermal, diesel generation efficiency, and 

energy conservation. These projects seek to lower the cost of power and heat to Alaskan 

communities while maintaining electrical system safety and reliability (AEA, 2008a).

3.6 Conclusion

This chapter provides both a snapshot of Alaska’s current electrical situation and 

a brief outline of how it developed. Through boom and bust cycles of economic activity 

and increased population there was an increase in demand for electricity, which is now 

considered basic infrastructure in most developed countries. Of significance is the shift 

from private enterprise investment to federal and state funding for electrical power plants.

Upon reviewing the history of the electrification of Alaska it seems clear that 

there was no overall development strategy either by the federal or state governments. 

What we find is a hodgepodge of development that seems more reactive than proactive. 

Of course, no one would build a power plant before people need it; however, once it 

became obvious that more electricity would be needed, a regional development plan may 

have eased the economic burden in terms of design, transportation and construction.

The development of diesel generated electricity in rural Alaska was probably the 

most economically cost effective method available at the time. Ecological costs of fossil
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fuel combustion had not yet become an issue. Yet, the social benefits should be clear 

when transitioning from no electricity, to any kind of electricity. Prior to diesel 

generators, most villages had no electricity at all.

The current state of electricity in Alaska shows a very real dependence on natural 

gas on the railbelt, and diesel off the railbelt. The ecological costs of these forms of 

electricity are now known. The economic costs have increased and are expected to 

continue to climb. The social costs are bound to the ecological and economic costs. The 

villages are dependent on state and federal funding for projects and subsidies for fuel, 

fuel storage, and spill relief.— (See chapter 4.) While this dependence may constitute a 

social cost, the evidence is not forthcoming.

What is forthcoming is the availability of alternative options for electrical power 

generation. The Alaska Energy Plan has inventoried the most promising renewable 

energy technologies for each community. The stories of the electrical cooperatives in this 

chapter show that federal and state funding can be obtained even by small population 

centers, and that communities can organize a cooperative utility company (something that 

has happened in most villages already). These two things should show communities, 

which would like to reduce their dependency on diesel fuel and state subsidies, that there 

are options available for most areas, and that the financing can be achieved. As well, a 

regional development plan for transitioning to renewables should provide economic cost 

relief.
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CHAPTER 4 

The Power Cost Equalization Program

4.1 Introduction

Residents in rural Alaska pay a higher end-user rate for electricity than residents 

living on the railbelt. Efforts to reduce the high cost of energy in rural Alaska have come 

from the state policy level in the form of the Power Cost Equalization Program (PCE), 

which is a state funded subsidy for electricity costs in qualifying rural Alaskan villages.

In this program the State of Alaska pays a portion of the residential electric bills for 

consumers served by utility companies that participate in the program. The Regulatory 

Commission of Alaska (RCA) and the Alaska Energy Authority (AEA) govern the PCE

program and determine eligibility. In 2007 there were approximately 183 communities

12with 78,500 people that participated in the program and 26,523 customers qualified for 

the PCE which had disbursements totaling approximately $25.4 million (AEA, 2008b). 

This is close to $1,000 per customer. It is estimated by AEA that the cost of the program 

for fiscal year 2009 will reach $48 million: close to $2000 per customer.

This chapter will examine the State of Alaska Power Cost Equalization Program 

from a values and priorities standpoint. It begins with a background and history of the 

program in the context of oil development and other state programs. As the PCE is an 

economic subsidy, this section will then show the state-wide economic costs and benefits

12 The difference between the total population of the communities served by the PCE and the total 
qualifying customers is representative of an average of two to four people per household. Each individual 
in a community would not be a customer unless he/she lived alone.



51

of the program. This section will be loosely guided by a typical policy analysis format 

that asks three questions: does the policy work (does it achieve its goals)? Is the policy 

efficient (is it cost effective or at least tolerable?) Finally, rather than seeking to know 

what the public response to the policy is, it will ask what values and priorities are 

indicative in the policy and the policy makers.

4.2 Mini-Grids and the Background of the PCE

Between 1964 and 1968 the State of Alaska leased its first oil fields on the North 

Slope. It proved to be a financial windfall for the state and infrastructure building began 

in earnest. In 1977 oil from the Trans-Alaska Pipeline began to flow to the city of Valdez 

where it was loaded onto tankers that transported this product to market (Coates, 1993). 

Unprecedented wealth began to fill the state coffers and construction of infrastructure 

around the state went into hyper-drive. Energy infrastructure was important and led to 

some of the mega-projects, such as the Bradley Lake Dam, that helped create the railbelt 

electricity system for urban Alaska (Kohler, 2008). The railbelt grid and its producers 

provide 80 percent of Alaska’s total electricity (REAP, 2007).

For the most part, rural electricity systems were left out of the massive new- 

found-wealth spending at the end of the 1970s. Some village diesel generators were 

brought online for the first time, while others were upgraded. This was a low-cost 

expenditure compared to other programs that were created during this time. For example: 

in 1978 the Alaska Renewable Resource Corporation (ARRC) was created to provide 

venture capital for developing businesses that would utilize Alaska’s renewable



resources. Renewable energy may not have been on the agenda, but “some rather bizarre 

projects have received ARRC loans” 13 (Jackstadt and Lee, 1995, 52). By 1987 the 

ARRC had written off $28million in bad loans. The State of Alaska, during this time, 

fared even worse. By 1987 more than $233 million in loans made by the State were in 

default, and more than $1 billion were delinquent (Ibid).

In 1978 University of Alaska Fairbanks researcher Robert Weeden mused about 

strange state expenditures, in some of which he was involved, from the new-found oil 

wealth in his book Alaska: Promises to Keep. While Weeden was reluctant to condemn 

some of the investments, he did note that “we have a lot to learn about being rich” 

(Weeden, 1978, 154). An example of short sighted spending is a $300,000 grant from the 

Alaska Department of Education to the Bering Strait School district for an “adventure- 

based” education program in 1980 (Jackstadt and Lee, 1995). This grant was used to 

finance a trip to Europe for high-school students. While the efficacy of experiential 

education cannot be understated, the cost per program participant was astoundingly high.

Some would consider these programs, in retrospect, fiscally irresponsible special- 

interest pork-barrel spending, while others would consider them a great example of 

policy experimentation. One thing is clear: the oil windfall allowed the state to capture 

the benefits of nonrenewable resources and squander that wealth in the short-term at the 

expense of future generations.14 “The lack of accountability that has made political 

decisions so responsive to the short-run demands for wasteful government spending has

13 “Probably the strangest project funded, out of a field of strong contenders, was one for dog-powered 
washing machines” (Jackstadt and Lee 1995, 52).
14 The exception is the creation of the Permanent Fund, which is one of the most progressive policies 
created by the state of Alaska, and one that should benefit future generations.
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made them entirely unresponsive to long-run economic realities” (Jackstadt and Lee,

1995, 52).

By 1979, due to the Iranian revolution (and the Iran-Iraq War), oil prices reached 

a previously unprecedented high on the global market (Jackstadt and Lee, 1995; Asplund, 

2008). This had two primary impacts on the State of Alaska. First, due to the global 

price of oil and the royalties and production taxes that the state received from the North 

Slope production, “state revenues increased dramatically” (Jackstadt and Lee, 1995, 50). 

Second, villages that relied primarily on diesel-powered generators for electricity were hit 

particularly hard by soaring energy costs (Kohler, 2008). The state’s general fund 

increased from $1.5 billion in 1979 to more than $4.5 billion by 198215 (Jackstadt and 

Lee, 1995).

Meanwhile, state law makers were not oblivious to the dramatically increasing 

price of electricity in rural Alaska.

In 1980 the legislature created the Power Production Cost Assistance Program 

(PPCAP) (Kohler, 2008). This was designed as a one-year subsidy to reduce the end-user 

cost of electricity. It can be assumed that the legislature anticipated a decrease in global 

oil prices after the attainment of relative stability in the Middle-East, and thus a one-year 

subsidy program would be appropriate.

However, this did not happen. In 1981 the PPCAP was changed to the Power 

Cost Assistance Program (PCAP) which was designed to sunset after 5 years. This is the 

equivalent of placing a band-aid on a gushing wound and hoping for the platelets to do
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their job. The real problem is that electricity prices in rural Alaska have proven to be 

hemophiliacs, due to their relationship with global markets (oil prices), distances that the 

fuel must travel, and climate trends (most notably sea ice pack and the ability of barges to 

deliver diesel in remote coastal villages).

In the 1980s diesel generated electricity was top-of-the-line technology that was 

used around the globe and the environmental costs of fossil fuel electricity had yet to be 

noticed outside of the academy. In the late 1970s and early 1980s several alternative fuel 

projects were deployed in rural Alaska. As stated in Chapter 2, most were dismal 

failures. According to House Research Report 85-C, between 1975 and 1985 the State 

had spent $1.7 billion on energy projects. According to AEA/ACEP this included,

$93 million for grants and loans for rural electricity generation and distribution; 

$27 million in search for alternative sources of energy (hydro, geothermal, coal, 

and gas); and $24 million in research and pilot projects related to wind, wood, 

solar, single-wore ground returns, biomass, and waste heat recovery. The Review 

concluded that since the State’s energy policy was largely driven by the desire to 

share the wealth from oil, much of the money had not been spent wisely. 

(AEA/ACEP, 2009, 36)

Additionally, state law-makers’ attention may have been elsewhere: in areas such as the 

$50 million the state had spent between 1980 and 1990 to promote Alaska barley farming 

(Jackstadt and Lee, 1995). To date, there is very little barley farming in Alaska. The
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same applies to the $70 million Anchorage Performing Arts Center which by 1995 was 

losing over one million dollars annually, even when disregarding the capital cost of the 

center (Ibid).

By 1984 lawmakers realized that short-term subsidies would not solve the 

problem of rising electricity costs in rural Alaska. So, failing to find the “silver bullet” to 

solve the problem, they admitted defeat and transformed the PCA into the Power Cost 

Equalization Program (PCE) effective in October 1984. As it was written, any 

community that produced 75 percent of its electricity from diesel in 1984 was eligible for 

the subsidy. The end-user cost of electricity was to be equalized to the average cost of 

Fairbanks, Anchorage and Juneau ($0.085 per kWh), and users were eligible for the 

subsidy for the first 700kWh per month.

4.3.1 Current State of the PCE

Over the last 25 years the PCE has changed and has become more complex. The 

Regulatory Commission of Alaska (RCA) determines the PCE level for each community 

and this level is based on fuel and non-fuel expenses such as salaries, insurance, taxes, 

interest and other “reasonable” costs (AEA, 2008b). The AEA administers the PCE fund 

based on appropriations by the legislature, monthly reports submitted by participating 

utilities and eligibility determination. The floor of the subsidy eligibility has increased 

from 8.5 cents per kWh to 12.8 cents per kWh, while the ceiling (52.5 cents per kWh) has 

remained unchanged. Additionally, the total kWh subsidized was reduced from 700 to
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500kWh per month.16 For perspective, the average household in the United States uses 

750 kWh in a month, while the average household in Anchorage uses 725 kWh during 

the same period (AEA/ACEP, 2009).

The PCE rate for each eligible community is generally a function of the utility’s 

cost of producing the electricity. First, the fuel and non-fuel costs are added together, and 

divided by the total kilowatt hours sold in a specific year yielding a cost per kilowatt hour 

of production. Then, the floor rate of the PCE (12.8 cents per kWh) is subtracted. That 

difference is then multiplied by 95 percent to determine the PCE rate for the community. 

The PCE rate is then subtracted from the actual cost of production and the difference is 

the consumer’s end-user rate. However, it must be remembered that only the first 500 

kW sold to customers are eligible for the subsidy. For example, in a hypothetical 

community where the utility charges 50 cents per kWh and the approved PCE level is 35 

cents, the end-user electric bill for 400 kW would be $60. However, if  that same 

customer used 800 kW in a month, the electric bill would total $225. This shows that the 

effective end-user price for electricity for 400kW is reasonable, but nearly quadruples 

when the usage doubles.

Generally speaking, many people in urban Alaska do not know what rate they pay 

per kWh a month, what most people look at, and understand, is their monthly bill. In 

2007 Anchorage residents that purchased 700 kWh, in a month, from Chugach Electric 

(CEA), would have received a bill for approximately $84. Meanwhile, residents in

16 In the most recent legislative session the subsidy cap was returned to the original 700kWh, however there 
are no published data on the effects of this increase aside from the new estimated cost of the PCE for FY 
2009- which is $48 million- a near doubling from the $25 million in FY 2007.
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Bettles would have receive a bill for $268, and residents in Napakiak would have owed 

approximately $480 for the same 700 kWh (after the PCE adjustment) (Kohler, 2008).

Between 2000 and 2007 the total sales of electricity in PCE eligible communities 

has increased slightly from 391 to 416 gigawatts. In this same time period the percentage 

of eligible sales has remained constant at nearly 30 percent. What should be pointed out 

is that the other 70 percent of electricity produced is sold to unsubsidized customers such 

as commercial, state and federal buildings, and many community buildings. While 

residential rates are subsidized they are still far higher in rural Alaska than in urban 

Alaska, and unsubsidized commercial rates drive up the costs of goods and services in the 

communities.

During this time span, fuel consumption has stayed relatively stable 

(approximately 27 million gallons), while the average price of fuel per gallon has more 

than doubled: from $1.10 to $2.78, and is expected to continue to rise. Additionally, the 

non-fuel costs have increased 61 percent. The PCE funds 18 percent of the total cost of 

electricity in rural Alaska, down from 20 percent in 2000 (Kohler, 2008).

Comparison is often a good tool for comprehension. Average and median 

household incomes in Alaska (based on the 2000 census, the most recent data available), 

suggest a trend of decline the farther away from Anchorage, and other urban areas, that 

people live. In 1999 the median household income in Anchorage was about $57,000, 

while it was $44,000 in remote rural areas (Saylor and Haley, 2007). At the same time 

the percentage of income spent on utilities increases the farther away that a household is 

from major population centers (Anchorage, Kenai, and the Matanuska Valley). In 1999
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the median percentage of household income spent on utilities in Anchorage was 3.19

17percent while in rural Alaska it was 6.92 percent. What we find is that rural residents 

have a lower average and median income and pay more for electricity in both real dollars 

and as a percentage of household income it is more than double. This is not only an 

inequality; it also contributes to the dependency of rural communities on the PCE.

4.3.2 Funding

The funding for the PCE comes from an endowment. The PCE endowment fund 

was created in fiscal year 2001, “with funds from the Constitutional Budget Reserve, and 

the Four Dam Pool Project sale proceeds, and further capitalized in FY 2007 with 

General Funds” (AEA, 2007, 2). According to AEA (2007) the endowment fund is 

invested to earn 7-8 percent returns over time. In June, 2007 the Endowment Fund 

balance was $400 million. It is the return on the endowment investments that makes up 

the bulk of the funding for the subsidy. In fiscal years when the investment returns are 

adequate to meet the need of the program, the program is funded directly from these 

returns. However, in fiscal years when the returns do not meet the demand, the 

difference is made up by state legislative appropriations.

The estimated cost of the PCE program for fiscal year 2009 is $48 million. Due 

to the current global financial crisis it seems unlikely that the PCE Endowment Fund 

investment returns will meet the needs of the most expensive PCE year to date. 

Additionally, with the drop in the global price for oil between FY 2007 and 2009, the
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state of Alaska, which derives 85 percent of its general fund revenues from the North- 

Slope oil production taxes and royalties, is likely to see continued budget deficits. These 

things colliding—increased cost of the PCE, decreasing returns on the endowment fund 

investments, and lowered general funds for the State—make for a very hard problem to 

solve.

4.4 The Complexity of the PCE

Human societies and their institutions are complex problem-solving systems 

(Tainter et al., 2006). The main problem to be solved is societal continuity, or, the 

survival of the system itself. “Our continual attempts to resolve challenges are primary 

reasons why human societies, at least over the past 12,000 years, have seemed to become 

inexorably more complex” (Ibid, 46). However, as Tainter et al. (2006) argue, increases 

in complexity have a cost. Early problem-solving solutions tend to be the least expensive 

and most easily adopted, like a subsidy. This is often called “plucking the lowest 

hanging fruit.” These easy low-cost solutions often have high returns on the effort; 

unfortunately, this situation cannot last.

As inexpensive solutions no longer suffice, those remaining are increasingly 

cumbersome and expensive.. .over time, problem-solving comes to involve 

greater complexity and higher c o s ts .  Eventually, a point is reached where higher 

expenditures fail to yield proportionate returns. The marginal return to 

complexity declines.. .Historical societies in this situation have found themselves 

confronted with fiscal weakness and disaffection of the populace. (Ibid, 47)

59



60

This quotation is relevant to the current status of the PCE. The development of 

the PCE occurred at a time of state fiscal surplus, and proved to be the lowest hanging 

fruit: when no other solution presents itself, why not implement a subsidy? The two main 

issues with subsidies of this kind are inequity in costs and benefits, and the inability to 

sunset the policy. First, subsidies are sometimes called products of client politics, which 

is a situation where the cost of the policy is widely distributed (in this case across the 

state), while the benefits are narrowly confined (in this case to the PCE eligible 

communities). Some client politics situations are acceptable, such as licensing for 

doctors. While this drives up the cost of visiting a physician, it also helps ensure a high 

standard of performance. A detailed analysis of the economic importance of Alaska’s 

villages is needed to fully understand the overall cost/benefit ratio for this subsidy. The 

economic conservative would probably advise rural residents to move to urban areas to 

decrease their cost of living, while the economic liberal may advise an increase of the 

subsidy to ensure the viability of these remote communities. Space does not permit a 

thorough treatment of this conundrum.

Second, subsidies of any kind are nearly impossible to eliminate due to the 

complex nature of the problem. In this case the solution has become more and more out 

of reach and marginal returns have been dramatically reduced, because the system 

(communities, state government and institutions) have co-evolved with the subsidy in 

place. As part of this co-evolution, subsidies distort the market.



So far, this section has used economic examples of the history of the PCE 

program. The reader should be reminded that economics are not the only indicator of 

vibrant and healthy societies or communities. Market distortions are one indicator of a 

flawed economic system. Neoclassical economics would hold that the high end-user

price of electricity is due to supply and demand curves. Therefore, the high electricity

18cost in rural Alaska is due to low demand and resource scarcity and that resource 

shortages bring their own solutions: the price mechanism ensures innovation or discovery 

of new reserves or technologies (Tainter et al., 2006). However, a subsidy in this arena 

provides a barrier to innovation. Any innovation, such as implementing renewable 

energy (which has been shown to reduce diesel consumption in remote mini-grid 

applications (Baring-Gould and Dabo, 2009)), is likely to come with high up-front capital 

costs. Meanwhile, the PCE program cannot be extinguished in order to pay these high 

capital costs. We have reached the point of diminishing returns of complexity.

4.5.1 Does the PCE Work? Is it Cost Effective?

Regarding the question as to whether or not the PCE works, the answer is unclear. 

The purpose of the PCE is to:

Provide economic assistance to communities and residents in rural areas of 

Alaska where, in many instances, the kilowatt hour charge for electricity can be 

three to five times higher than the average kWh rate of 12.870 (7/07) in 

Anchorage, Fairbanks or Juneau.
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The PCE program was established to assist rural residents at the same time 

state funds were used to construct major energy projects to assist more urban 

areas. Most urban and road connected communities benefit from major state- 

subsidized energy projects such as the Four Dam Pool, Bradley Lake, and the 

Alaska Intertie. Rural communities not on the road system that are dependent on 

diesel fuel do not benefit from the large subsidized energy projects, and PCE is a 

cost-effective alternative to provide comparable rate relief to rural residents.

(AEA, 2007, 2)

The goal of the PCE program is:

To attempt to “equalize” high costs of electricity in rural communities with the 

lower costs in more urban areas. Communities in areas that are not served by road 

experience very high costs of producing electricity, usually by diesel, due to high 

transportation costs and high diesel prices. These high costs must be recovered 

from the limited number of customers with limited disposable income associated 

with generally low economic development. PCE is the core element to ensure the 

financial viability of centralized power generation in rural communities. Reliable 

lower cost energy enhances the quality of life, standard of living and economic 

strength of the communities. Economic development and affordable power go 

hand-in-hand in the effort to grow healthy economics in rural Alaska. (AEA, 

2007, 5)
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To answer the question “does it work?” requires one to frame the analysis in a 

particular sphere. Because this is an economic subsidy one way to analyze the policy is 

by the economic costs and benefits. The PCE is supposed to “attempt to equalize the 

high costs of electricity in rural communities with the lower costs in more urban areas” 

(Ibid). As shown in figures 3 and 4 the “attempt” is made, but the “equalization” falls 

short of its intended goal—Napakiak residents pay seven times the amount for 700kWh 

as Anchorage residents. However, what is also clear is that without the PCE subsidy, 

rural residents would pay far more than they currently do. Further, if  the current end-user 

rates are high and demand too much of a mixed-economy’s19 disposable income, what 

would be the effect without the PCE? This would be a very bad scenario indeed. The 

PCE communities and the state institutions have co-evolved over the last twenty-five 

years with this subsidy, and although it may distort the market, it is now nearly 

impossible to sunset without tremendous political will of local representatives and 

detrimental economic impacts in the communities, and perhaps the state.

One of the few published studies that analyses the economic significance of the 

PCE is over 10 years old. Goldsmith (1998) argues that the elimination of the PCE 

would have severe detrimental effects. His argument is as that the elimination of the PCE 

would cause utilities to increase end user rates. This would reduce the amount of 

electricity used which in turn, will put the utility company at financial risk. A large share 

of most utility costs are fixed, and thus increasing rates to cover costs that result in lower 

demand will result in further increases of rates. This is what Goldsmith calls the “death

19 A mixture of cash and subsistence economies.



spiral.” Additionally, a portion of the increased rates will fall on commercial users 

(which are not eligible for PCE funding) resulting in higher prices for their customers and 

lower wages for their workers. Further, state and federal buildings such as schools and 

post offices (which are not eligible for PCE) will have increased electricity rates and this 

burden will fall on state and federal treasuries.

In addition to the quantifiable economic costs of the elimination of the PCE, 

Goldsmith points out some of the indirect social benefits that are derived from the 

program:

The public and private physical infrastructure necessary to deliver the 

educational, sanitation, health, transportation, and communication services to 

sustain rural Alaska communities, and enhance their opportunities for economic 

development, depends directly on the availability of a reliable and affordable 

source of electricity. Furthermore there are some special uses of electricity in 

rural areas that enhance the quality of life in ways urban residents often overlook, 

such as refrigeration for preserving subsistence harvested food and streetlights for 

additional safety during the long hours without sunlight in the winter. (Goldsmith 

1998, 5)

The loss of these essential services would have severe negative physical and 

psychological impacts on residents (Ibid). Without the PCE the burden to continue to 

provide these services would fall directly on the state treasury, rather than the endowment 

fund, although effectively there may not be a difference.
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The question “is it cost effective?” requires a similar analysis. In fiscal years 

when the endowment fund is sufficient to pay for the program, the cost to the state is 

static, i.e.—the cost does not exceed the initial investment of the endowment. However, 

when the returns on the investment are not sufficient to pay for the program, state general 

funds must be allocated by the legislature, or what is more typical, the RCA recalculates 

the effective PCE rate to match the available funds from the investment returns (AEA,

2007). So, the answer to “does it work?” and “is it cost effective?” is the same for both: 

yes and no.

4.5.2 Values and Priorities

Values and priorities are inherent in any policy. Within some policies the values 

and priorities are apparent. Economic values are held in high esteem especially in a 

capitalist society. However, when we remember that an economy is a system for the 

distribution of goods and services, the priorities become less clear. Goldsmith’s analysis 

is very instructive in that he is one of the few researchers to point to some indirect 

benefits of the PCE program, as well as illustrate the complex interrelationship of the 

subsidy, community services and viability.

A recent study by the Institute of Social and Economic Research (ISER) that was 

prepared for the Denali Commission investigated the correlation of rural community out

migration with rising electricity prices (Martin et al., 2008). The researchers found no 

empirical evidence that high energy prices by themselves created trends of out-migration 

from villages in Alaska. Rather, they found that out-migration trends are more apparent

65



66

following years of high birth-rates, and that people moved to areas based, in part, on 

where there were jobs, opportunities for education, and where they had cultural ties 

(Ibid). The high cost of living in rural Alaska was also cited when survey participants 

were asked open-ended questions about why they wanted to move out of the villages 

(Ibid) and this should include the high cost of electricity for households and businesses.

There are several things to unpack in these findings. First, the high cost of living 

and the availability of jobs, especially with high wages, are linked to electricity prices as 

shown by Goldsmith (1998) above. If the electricity price in a community adversely 

affects the profit margin of a company, the wages it pays its employees may reflect this 

declining margin. The “death-spiral” can also occur to these companies facing increasing 

electricity prices (which should be a fixed cost) that may eventually lead to the closing of 

businesses, which in turn leads to loss of wages and subsequently the closing of more 

businesses within the community. “People move to improve their lives” (Martin et al., 

2008, 8). If residents seek higher wage employment and view this as an improvement in 

their lives, they may move. Additionally, lower electricity prices may actually attract 

more business and raise the economic base of the community.

Second, and perhaps more important, is the idea that people move to places where 

they have cultural ties. This brings up the concept of social capital. Briefly, social 

capital is about networks within a community that influence the flow of resources. 

According to Lin (2001), the central theme of social capital theory is, “that capital is 

captured in social relationships and that its capture evokes structural constraints and 

opportunities as well as actions and choices on the part of the a c to rs . embedded
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resources in social networks are captured as investment” (Lin, 2001, 3). Field (2003) 

puts it simply: “Relationships matter” (Field, 2003, 1). Generally, there are three kinds of 

social capital: “bonding”—ties to people who are demographically similar, such as family 

members, close friends and work colleagues (Grootaert et al., 2004), “bridging”—ties to 

people who do not share many of these characteristics (Putnam, 2000); and “linking”— 

ties to people in positions of authority such as representatives of public or private 

institutions (Grootaert et al., 2004). Both bonding and bridging social capital represent a 

roughly horizontal connection, while linking is more vertical.

People from rural Alaska may move away from their villages and may rely on 

some type of social capital in their decision making process. Generally, the migration 

trend is from small village to hub village to urban centers (Martin et al., 2008). With 

each move, it can be assumed, social capital is both used and acquired. Both out

migration from communities and the representation structure of the Alaska State 

20Legislature increase social capital. Further, increased linking social capital on the exo 

or macro levels may lead to increased outside assistance: such as a subsidy. “Social 

Capital brings with it the inherent ability to gain access to resources and hence enhance 

the security of livelihoods and well-being” (Adger, 2003). However, there is also a down 

side. While social capital may have influenced the creation of the PCE, and 

consequentially the very strong (and deservedly so) resistance to the abolition of the 

subsidy, it is a form of assistance from outside the community. “Increasing dependency 

on outside sources of assistance undermines individual and communal responsibility and

20 Representatives from rural Alaska hold positions of power within the legislature.



thus undermines traditional means of coping/adapting—increasing vulnerability” (Ford 

and Smit, 2004, 394). This perpetuated dependency on outside assistance to gain access 

to lower priced electricity via the PCE proves to be not only a barrier to innovation, but 

also influences the communities’ initiative to create change. Rather than solving the 

problems themselves, they may rely on outside assistance and policy initiatives. If we 

have reached the point of diminishing returns on the complexity of our current energy 

policy, some innovation is needed. The question is: where will it come from?

The values and priorities inherent in the PCE first stem from economics. Upon 

closer inspection, we find that economics are inextricably linked to social well-being and 

community viability. However, the PCE as it stands today constitutes the bare minimum 

of what could be done: the band-aid on a gaping wound. The PCE does not solve the 

problem, but the sheer amount of money involved makes it seem that the state 

government is doing something about the problem. However, without the PCE subsidy 

and the endowment fund mechanism, community viability will be put at risk and the state 

treasury will be taxed in order to provide basic services.

4.6 Conclusion

The PCE is the latest version of a state subsidy for electricity end-user costs in 

rural Alaska. The subsidy co-evolved over the last twenty-five years with rural 

communities and with state government and institutions. The complex nature of the 

current electricity situation in rural Alaska is indicative of our increasingly complex 

society and energy policies. The goal of the PCE is to provide as much equity as possible
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across the state for electricity prices. The policy language hedges, such as “to the extent 

reasonable” or “as much as possible,” do not seem objective from the outside, and prove 

to be value laden when implemented.

The funding for the PCE comes from the endowment fund’s investment returns 

and the general fund. Because the Alaska State Constitution prohibits dedicated funds, 

the real funding for the PCE comes from legislative appropriations (the legislature set up 

the endowment fund to provide a pot of money from which to appropriate.) However, it 

is not a mandatory appropriation, and is therefore subject to argument each year. 

Additionally, nothing prohibits the legislature from under-funding the PCE in years of 

budget deficits. In these cases, the RCA has the authority to adjust the eligibility criteria, 

and the formula to determine PCE rates in order to match what the legislature has 

appropriated. One thing seems clear: the fact that the legislature can under-fund the PCE 

allows the real power over the program to reside in the legislature.

The state constitutional prohibition of dedicated funds provides a type of inter- 

generational equity for decision making within the legislature. Full funding for the PCE 

comes down to the values and priorities of each legislative session. It also seems clear 

that main priorities are economics based, with the somewhat unarticulated goal of trickle- 

down social development. The irony of the PCE is that without the program, rural 

communities’ well-being and viability are put at risk. Yet, the dependency on outside 

assistance, which the community has little control over, to meet these economic and 

social development goals inhibits local innovation to solve complex problems.
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However, because the state does fund the PCE, it is a de facto rate-payer, and thus 

would have an incentive to explore options and alternatives that would decrease the need 

for funding, or lower the cost of the program. One of the ways that the state has 

approached this, from the supply side, is by creating the Renewable Energy Grant 

Program, in 2008, under House Bill 152. The program established a funding mechanism 

for renewable energy projects around the state. It is designed to distribute a total of $250 

million over five years, at $50 million per year. However, in 2008 the program was 

double funded by legislative appropriations to total $100 million, and was half funded in 

2009. (Neither of the cases in this study acquired funding from this program).

The first round of funding attracted 99 proposals from across the state. As of 

2009, 77 of the proposals are funded. Three things should be noted: first, of those 77 

funded projects, 32 are within the railbelt totaling just over $16 million. Second, 

implementation of these projects has yet to begin and there are no data to draw 

conclusions from regarding the efficacy of each project or the overall effect on end-user 

energy costs. Finally, not all of the funded projects received full funding—i.e. the project 

cost and request are still higher than the grant allocation. This may be the case of policy

makers reasoning that partial funding for several projects is better than full funding for a 

few projects. If the partially funded projects are able to secure future funding, this may 

be a good course of action because it gets more projects moving at once. However, if 

some of these projects stall or are abandoned due to lack of funding, then the partial 

funding they receive is wasted money.
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The PCE is a reactive policy to high electricity costs in rural Alaska. During 

years of windfall oil profits the state was instrumental in providing loans and grants for 

village electrical needs, and these needs were met by diesel generators. The end-user cost 

of this electricity continues to rise, and spikes sharply in years of foreign unrest (and 

other factors) which drive global oil prices upward.

The PCE both helps and hinders communities. Energy subsidies prove to be a 

barrier to local innovation, and to a certain extent, to legislative innovation. Yet, there 

are strong incentives to keep the PCE. First, without the PCE communities’ viability is 

put at risk, and as Goldsmith (1998) points out, it would literally remove money from 

rural Alaska. Second, the PCE subsidy has co-evolved with the rest of the state over 

several decades and is now the status quo. Even imperfect status quo policies are 

difficult to change, especially if there is not a perfect solution.

The creation of the Renewable Energy Grant Fund may help move some rural 

communities toward renewable energy systems, but this remains to be seen. However, 

the grant fund is an example of the recognition by the legislature that renewable energy 

may prove to reduce electricity costs in the long run for rural communities.

In the following two chapters case studies will be presented of two renewable 

energy pilot projects in two different rural Alaskan communities. Both of these projects 

began before the Renewable Energy Grant Fund was implemented. However, both did 

receive either federal or state grants, and low interest loans. Both are examples of what 

can be done when financing is available, and may prove to be precursors to projects that 

receive renewable energy grant funding. The questions the reader should ask are: what
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alternative projects could the state have built with 25 years of subsidy money? What 

could the state do for the next 25 years with $500 million to $1.2 billion?21
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CHAPTER 5 

Wind-Diesel Hybrid in Kotzebue

5.1 Introduction

Thirty-three miles north of the Arctic Circle, on the coast of the Bering Sea, the 

wind blows strongly. The town of Kotzebue, Alaska, sitting on a gravel spit at the end of 

the Baldwin Peninsula in Kotzebue Sound, is home to just over 3,000 residents. The 

Kotzebue Electric Association (KEA), a cooperative power company developed in the 

1950s, provides electricity through a diesel generated mini-grid. The average load of the 

community is approximately 2.5 MW and a minimum of 700 kW, and the diesel plant has 

an installed capacity of 11 MW (Baring-Gould and Dabo, 2009). Wind generators were 

first installed in Kotzebue in 1979, and in 1997 KEA installed its first modern wind 

turbines (Reckard and Newell, 1981; Baring-Gould and Corbus, 2007).

This chapter is a case study of the wind-diesel hybrid electricity system in 

Kotzebue, Alaska. The chapter begins with an introduction to wind energy, specifying 

the role of fossil fuel prices and industrialization. Then it explains the basic concepts 

behind harnessing wind energy and its conversion to electricity. Finally, we discuss 

Kotzebue’s wind farm project, its background, current status, and implications for other 

communities.
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5.2 Introduction to Wind Energy

Depending on the source or reference, the power of the wind has been utilized for 

at least the past 3,000 years (Ackermann and Soder, 2000), and some commentators say 

as early as 5,000 B.C.E. (U.S. Department Of Energy [DOE], 2005a) it powered sailing 

vessels on the Nile River. Yet it was not until 1896 that a wind turbine was used to 

generate electricity.

The first documented use of a wind machine was in 644 A.D. in Persia (Davis, 

1984). where it was used to mill grains and move water. This technology spread to Asia 

and to Europe where it was used to pump water, mill grain, work metal, to saw, and to 

crush chalk and sugar cane (EIA, 2000).

New ways of using the energy of the wind eventually spread around the world. By 

the 11th century, people in the Middle East were using windmills extensively for 

food production; returning merchants and crusaders carried this idea back to 

Europe. The Dutch refined the windmill and adapted it for draining lakes and 

marshes in the Rhine River Delta. When settlers took this technology to the New 

World in the late 19th century, they began using windmills to pump water for 

farms and ranches, and later, to generate electricity for homes and industry.

(DOE, 2005a, 1)



The original Persian wind machines utilized unidirectional winds by building the 

machine inside of vertical shafts (Davis, 1984). By the end of the eighteenth century the 

Europeans had advanced the technology to accommodate multiple wind directions by 

building wind machines that were self-steering (i.e.—they could turn to face the direction 

the wind was coming from). The water-pumping wind machine was created in 1854 in 

the United States and soon spread worldwide as well: “at one time, 6 million windmills 

were operating in the United States, today, 150,000 of them are still lifting water” (Ibid, 

257; Eldridge, 1980).

The La Cour Mill in Denmark created the first electrical power generated by wind 

in the 1890s. It was in this decade that Westinghouse and Tesla competed with Edison to 

develop distribution systems for electricity (see Chapter 3).

By 1931 electricity that was wind generated began to penetrate European power 

grids. The same year a 100 kW wind-generator was commissioned in Balaclava, Crimea, 

and in 1941 a 1250 kW (1.25 MW) wind generator began operations in Grandpa’s Knob, 

Vermont (Davis, 1984). In the years between 1930 and the 1960s thousands of wind 

generators were deployed around the world. Most were small, around 1 kW and supplied 

direct current (DC) power to a single remote or rural house (Ibid).

However, industrialization, fueled by the combustion of fossil fuels led to the 

decline of the wind generator in larger population centers. The Rural Electrification 

Administration (REA, see Chapter 3) then began bringing cheap electricity to most rural 

areas of the United States, and “relegated wind power to the realm of nostalgia in 

industrialized parts of the world” (Davis, 1984, 258). The interest in wind power
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remained strongest in Europe, and Europeans developed many different types of wind 

machines and fabrication technologies over the years (Davis, 1984).

The cheap price of fossil fuels of the 1960s led to decreased interest in wind 

power, in the United States, until the 1973 OPEC oil embargo. Then, the rapid spike of 

oil prices on the global market and stagflation in the United States, made renewable 

energy, particularly wind generation, much more attractive (Davis, 1984; Achermann and 

Soder, 2000; Asplund, 2008).

According to Davis (1984) “by the end of the 1970s, there were approximately 50 

wind generators operating in Alaska” (Davis, 1984, 259). These generators were 1 kW or 

less and were used in remote villages and lodges to charge batteries or run radios. By 

1981, according to Reckard and Newell (1981) there were approximately 100 in the state 

of Alaska.

The cost of fuel is a component of the decision making process for any type of 

electrical generator. In remote areas of Alaska, where fuel (diesel) must travel long 

distances, or in some cases be flown in, the cost of diesel is very high. Writing in 1981, 

Reckard and Newell acknowledge the trend of increasing diesel prices, and state that:

The cost of running a diesel, both in fuel cost and maintenance, has gotten higher 

by the year. In places where fuel must be flown in, like in some remote hunting 

lodges, wind generators with battery banks have been used competitively for 

years with diesel generators as back-ups. (Reckard and Newell, 1981, 12)
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Interestingly, they state that the communications network that was used to support 

the Trans-Alaska Pipeline construction was powered by battery charging wind-generators 

“scattered on mountain tops across the State” (Ibid). This suggests that wind energy was 

viable and effective, at least for small projects.

Over the last 30 years, wind generators, or turbines as the large ones are called, 

have become a mature technology. As stated above, more than 100 wind generators 

were installed in Alaska by the early 1980s, but most were decommissioned after a few 

years of use, and none were operational by the early 1990s. The problems generally 

arose from poor planning (Davis, 1984), poor state agency coordination and project 

design (see Chapters 3 and 4), immature technology and lack of continued maintenance, 

once federal tax incentives expired (AEA/ACEP, 2009).

According to EIA, in 2006 the United States generated a total of 26.6 billion kW 

hours of electricity from wind, which was: enough to serve 2.4 million households (EIA, 

2008a). Although a small fraction of the total energy production in the United States 

(about 0.4 percent), it was more that two and a half times greater than wind generated in 

the U.S. in 2004. In fact, the U.S. is a leader in wind energy and only Germany has more 

installed wind generation capacity (Ibid). According to the EIA, the United States has 

enough wind power potential to power every home and business, but wind energy is not 

available in all places. (For a map of wind energy potential see the reference sections for 

the web pages for EIA, AEA, or REAP.)
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5.3 How Wind Energy Works

Most energy sources used today essentially come from the sun (except for tidal 

and geothermal energy). Fossil fuels such as oil, coal and natural gas are very old stored 

forms of solar energy. Wind also comes from the sun. Wind is air in motion and is 

caused by the uneven heating of the earth’s surface, due to factors such as land 

elevations, formations, ocean and water temperatures (EIA, 2008b). (For a detailed 

explanation of wind and the Coriolis force see the Danish Wind Industry Association 

[DWIA] website in references.)

Wind turbines, like windmills, are mounted on towers to utilize elevation and 

wind density to capture energy. The higher the turbine is mounted, the faster and more 

turbulent the wind captured will be (REAP, 2009). The blades on a wind turbine are 

similar to an airplane’s propellers. Depending on the design, two or three blades are 

mounted on a shaft (which is mounted on a tower) and form a rotor. A modern wind 

turbine converts the kinetic energy of the wind into mechanical energy, through the drag 

or lift of the blades (depending on the design). A blade is very similar to an airplane 

wing:

When the wind blows, a pocket of low-pressure air forms on the downward side 

of the blade. The low-pressure air pocket then pulls the blade toward it, causing 

the rotor to turn. This is called lift. The force of the lift is actually much stronger 

than the wind’s force against the front side of the blade, which is called drag. The 

combination of lift and drag causes the rotor to spin like a propeller. (REAP,

2009, 1)
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This produces mechanical energy. Then, the mechanical energy is converted into 

electrical energy analogous to the operation of a diesel-generator. (For a detailed 

description of the mechanics, and physics, of wind turbines see: Baring-Gould [2008].)

5.4 Wind Energy in Alaska

22Alaska has a large potential for wind energy. Wind potential is defined by a 

classification numbering system ranging from 1 to 7 with 1 being low. Generally 

speaking, wind is an attractive resource for electrical generation at class 4 or above. 

Nearly all of coastal Alaska ranks at class 4 or above, and certain interior areas where 

elevation or other “topographic corridors” create “anomalies in the areal distribution of 

winds” makes it an attractive energy resource (Davis, 1984, 303).

Wind turbines can be used as stand-alone sources of electricity, or in combination 

with other systems, such as photovoltaic, fuel cells, or diesel-generators, to name a few. 

However, they cannot serve as a utility’s base load, due to the variable nature of the 

resource—the wind does not blow at a constant speed all of the time. Therefore, wind 

generated electricity must be combined with a storage device such as batteries, fuel cells 

or fly wheels. Alternatively, a wind resource can be combined with another constant 

source of electricity (base load) such as: diesel generators, hydro-electric generators, 

geothermal generation, coal plants and natural gas plants. This is the chief limitation to 

wind energy, as “some method is required to store electrical energy produced from the

22 A comprehensive map of wind potential (and other renewable energy potential in Alaska) titled: The 
Renewable Energy Atlas o f  Alaska, was developed by AEA and is available on the REAP or AEA websites: 
see reference section.

79



wind, or some other source must supply electricity when the wind is either too weak or 

too strong” (Davis, 1984, 300).

However, the chief advantages to wind energy are: there is no fuel cost, there are 

no emissions, and there is large potential. While the upfront capital costs of wind energy 

are high, the fixed costs, of operation and maintenance, are reasonable, and there will be 

no fuel cost. Capital costs of wind energy systems vary by design and location. There is 

no one price tag available. Construction projects in rural and remote areas, such as 

Alaska are typically higher than in the contiguous 48 states. According to Baring-Gould 

and Dabo (2009)

Recent studies show that the installation of wind energy projects in Alaska 

typically costs between $2,500 and $7,000 per kilowatt of installed wind capacity, 

depending on the community’s size, accessibility, and differing soil conditions... 

only about 30% of these costs relate to the actual turbine and tower hardware. (p. 

10)

The operation of these systems, due to harsh climates and expensive travel result 

in higher maintenance costs than in other parts of the world, but “advances in remote 

monitoring, adaptive system control and condition monitoring, and local wind technical 

training all help reduce these costs” (Ibid).

For utility scale electricity systems, large numbers of wind turbines are often 

constructed close together to form a wind farm. According to the EIA (2007), in 2007
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(the most recent data available) Alaska had 3 MW of installed wind generation

23capacity.23 The American Wind Energy Association (AWEA) reported that as of March 

2009, Alaska had 3.32 MW of installed wind generation capacity, which makes Alaska 

thirty-fourth in the nation for installed wind capacity. Wind turbines are found in: Delta 

Junction (1 unit, 0.1 MW), Hooper Bay (3 units, 0.3 MW), Nome (18 units, 0.9 MW), 

Savoonga (2 units, 0.2 MW), Tin City Long Range Radar Station (1 unit, 0.23 MW), 

Kotzebue (15 units, 0.82 MW), Toksook Bay (3 units, 0.3 MW), Selawik (3 units, 0.15 

MW), Wales (2 units 0.1 MW), and St. Paul Island (1 unit, 0.23 MW). Additionally, a 

large wind farm (30-50 MW) on Fire Island, which will provide power to Anchorage and 

adjacent areas, is scheduled for construction beginning in the summer of 2009, with 

power being generated by 2010 (Bryson, 2009).

Any attempt to quantify the total amount of wind generation capacity or of wind 

turbines installed in either rural Alaska, or statewide, is similar to shooting at a moving 

target. For example, the EIA says Alaska has 3 MW of installed wind capacity, and the 

AWEA says Alaska has 3.32 MW. Additionally, as stated above, AWEA lists the 

community of Kotzebue as having 15 turbine units for a total of 0.82 MW. However, 

according to Baring-Gould and Dabo (2009) Kotzebue has 17 installed turbine units for a 

total of 0.915 MW. As well Alaska Energy Wiki (ACEP, 2009), and AEA/ACEP (2009) 

state that Alaska currently has 4.5 MW installed and 4.4 MW under construction. It 

seems that wind projects are being developed in Alaska faster than researchers can report

23 Alaska also has 397 MW of installed Hydro-electric capacity. Together with the installed wind capacity, 
over 20% of Alaska’s electricity comes from renewable sources. That is the highest percentage of any 
State in the U.S. (EIA 2007)
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them. The main motivation seems to be lowered fuel costs by reducing the amount of 

diesel that is used in electricity generation, and in some cases, to increase local job 

opportunities through construction and operation of the turbines.

According to Alaska Energy: A First Step Toward Energy Independence 

(AEA/ACEP, 2009), which is often called the Alaska Energy Plan24, at least 134 

communities around the state have a “viable wind resource” (AEA/ACEP, 2009, 101). 

This document also discusses the environmental impacts of wind energy, and states that 

there are: “Impacts on local and migratory bird populations although little impact 

currently documented. [There is] potential for noise and visual impacts when sited close 

to a community. [However,] most impacts can be minimized by appropriate siting, 

design, and operation” (Ibid).

5.5 Kotzebue: A Hybrid Wind-Diesel System

For remote Alaska villages that are not connected to a larger electricity grid one 

of the best options for reducing fuel prices is to utilize wind turbines in combination with 

the existing diesel generation facility. This is called a hybrid wind-diesel system.

Kotzebue is 549 air miles from Anchorage and 26 miles north of the Arctic 

Circle. The location has been occupied by the Inupiat Eskimos for at least 600 years 

(Alaska Division of Commerce [ADC], 2009). According to the Alaska Division of 

Commerce, the 2000 U.S. Census showed that the unemployment rate at the time was 9.8 

percent, although 36.78 percent of the adults were not in the work force. The median
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household income was $57,163, per capita income was $18,289, and 13.14 percent of 

residents lived below the poverty line (Ibid). The majority of income is either directly or 

indirectly related to government employment through the school district, Maniilaq 

Association, the city and borough. The Cominco Alaska Red Dog mine is a large 

regional employer and commercial fishing provides seasonal employment (Ibid).

Kotzebue is also the service and transportation hub for all villages in the 

northwest region of Alaska. The community site is at the confluence of three river 

drainages which makes it the transfer site between ocean and inland river shipping. Air 

service is the primary means of transportation year round, and the shipping season lasts 

for approximately 100 days when the sound is ice-free. However the harbor is shallow 

and deep draft vessels must anchor 15 miles off shore, making the cost of delivery of 

cargo very high (ADC, 2009). There are 26 miles of gravel road and snow machines are 

utilized in the winter for local travel.

The Kotzebue Electric Association (KEA) was established in the 1950s. Electric 

power was first made available through generators owned and operated by small 

businesses. By 1949 a group of individuals began exploring the possibility of setting up 

an electric power cooperative and made arrangements for a loan from the Rural 

Electrification Administration (REA). Additionally, around the same time Havenstrike 

Mining Company of Candle brought some generators to Kotzebue that had been used in 

their mining operations and set up a few distribution lines. In the mid-1950s KEA set up 

its own distribution lines. In 1956 KEA signed and executed a loan contract and 

mortgage with REA and by the end of the year 65 customers were online (KEA, 2009a).
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Additionally, KEA bought Havenstrike’s electric business and consolidated the 

operations. According to the KEA website:

In recent years, KEA has spent much time and energy on developing new sources 

of energy for the future. Because of the high cost of fuel, and because of 

declining support from the state legislature to keep energy costs in rural Alaska at 

reasonable levels, KEA has worked to become a pioneer in the use of wind energy 

in an arctic environment. KEA’s wind energy program provides an alternative 

source of energy with the potential to keep electric costs at affordable levels. 

(KEA, 2009a)

KEA began its wind energy project in 1992 when it installed its first “met

25tower.” In an email sent to the author, Brad Reeves, the general manager of KEA, 

stated that they initially started looking at wind to prepare for the loss of the PCE, as fuel 

costs were cheap in the early 1990s. Apparently the state had investigated removing the 

PCE subsidy, and the possibility of “declining support from the state legislature” sent 

several PCE eligible cooperatives on a search for a way to mitigate the projected increase 

in electricity costs. The initial goals of the project included reducing diesel consumption 

(in preparation for the loss of the PCE), developing useful foundations for the wind 

towers that would work in arctic climates with permafrost, help develop tilt-up tower

25 A met tower is a tower used at potential wind project sites to collect meteorological data. Typically, they 
will have an anemometer (this measures wind speed), wind direction vanes, temperature and pressure 
sensors, and possibly other measuring devices that are site specific.



designs for small villages, and begin to develop a training and safety program and a cold 

weather technology program.

Reeves said they were initially worried about having too much wind. A small 

grant from the National Rural Electric Cooperative Association (NRCA) allowed KEA to 

conduct a power quality study with wind in 1993 and 1994. Then, with power quality 

assured, KEA’s board of directors put together $250,000, which was matched by the 

state, and bought their first three wind turbines in 1995. Due to manufacturing delays the 

turbines did not arrive until 1996, and were installed in 1997.

The project is now a joint venture between the U.S. Department of Energy (DOE), 

Alaska Energy Authority (AEA), and KEA. After the initial wind project grant was 

funded by the DOE, KEA was incorporated into the Turbine Verification Program 

(TVP)26 as an associate project. The purpose of this involvement was to document 

development, construction and operation of this commercial utility-scale wind power 

project in an arctic environment. Additional purposes were to share the information with 

other organizations and communities, and to obtain technical support through the 

National Renewable Energy Laboratory (NREL) (Zucchi, 2007).

KEA started with the instillation of three Atlantic Orient Corporation (AOC)

15/50 50 kW rated turbines. Since then the wind farm has grown to an installed capacity 

of 1.155 MW comprised of 17 turbines (Baring-Gould and Corbus, 2007; Baring-Gould 

and Dabo, 2009). KEA uses the energy produced by wind turbines to add additional 

power to the grid, which supplements electricity produced by its diesel generators. This
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is a type of hybrid system that combines wind produced energy and diesel generation. 

These turbines produce approximately 7 percent of the community’s electrical power 

(Schenck, 2008). Actual penetration levels have been as high as 35 percent, but this 

occurred during times of a combination of high winds and low system load, i.e., late at 

night (Randal et al., 2001). That wind power produced is equivalent to around 100,000 

gallons of diesel a year. In 2007, this amounted to a $250,000 savings, and is expected to 

be more than $300,000 in 2008 (Ibid).

Hybrid systems have three penetration classes: low, medium and high. Penetration 

refers to the percentage of overall power coming from, or expected to come from, the 

wind turbines. This classification system separates systems by the power and control 

devices that are necessary. Generally, the higher the penetration, the more complex the 

system needs to be. The low penetration class is less than 20 percent annually, medium is 

20-50 percent annually and high penetration is 50-100 percent annually (Baring-Gould 

and Dabo, 2009).

The system in Kotzebue, which has been in operation for over twelve years, is 

generally considered to be from low to medium-penetration, depending on the day. A 

low-penetration system is one in which wind energy is a contribution to the power system 

(in this case diesel generators) and is seen as a negative load on the diesel plant, i.e., it 

reduces the amount of fuel burned. “Because the diesel engines are designed to allow for 

rapid fluctuation in power requirements from the load, the addition of wind [energy] has 

very limited impact, if any, on the ability of the diesel control to provide the remaining 

difference” (Baring-Gould and Corbus, 2007, 4).
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According to I. Baring-Gould and D. Corbus, writing for the National Renewable 

Energy Laboratory (NREL) and the Arctic Energy Summit Technology Conference in 

2007, “Data collection conducted by the DOE and the Electrical Power Research Institute 

on the wind farm [in Kotzebue] through 2004 showed a relatively high system 

availability.. .each turbine was available for approximately 8000 hours per year, a 92% 

availability” (Baring-Gould and Corbus, 2007, 8). The availability includes downtime 

for maintenance and power transmission outages. They comment on the Kotzebue wind 

farm: “This clearly demonstrates the ability for wind turbines to operate in remote 

communities with high turbine availability, primarily due to strong technical capabilities 

and dedication of the staff and management of the Kotzebue Electric Association” (Ibid).

The wind farm consists of several different wind turbine designs and is in part a 

multi-year demonstration for testing the designs and making adaptations as necessary. 

Overall, the wind farm has been hailed as an experimental success and proof that this 

technology is valid for the arctic climate. In 2002, KEA received national honors from 

the Community Service Network of the National Rural Electric Cooperative Association, 

winning the Community Service Network Award for best overall effort. This award is in 

recognition of community service and electric cooperative grassroots advocacy, with an 

emphasis on creative solutions; KEA was recognized as a technical and research center 

for the conversion of wind energy to electric power.

By harnessing the cold, bitter winds that sweep across the tundra, the utility has

effectively reduced its dependence on costly fossil fuels and increased reliability
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for the homes, schools and businesses in the city 30 miles north of the Arctic 

Circle. (Alaska Business Monthly [ABM], 2002)

KEA is working towards an eventual 2-4 MW capacity of wind generation, which 

will be enough to meet the electricity needs of the community at peak load, meaning the 

highest use of electricity (KEA, 2009b). According to KEA’s (2009b) website the 

project goals are:

1) Testing turbines designed for arctic conditions and making adaptations as 

necessary.

2) Documenting installation, operations and maintenance challenges and expenses to 

evaluate the real potential for wind energy generation in remote communities that are 

not interconnected with a large electricity transmission grid.

3) Developing a training center to teach wind technician maintenance skills to rural 

Alaskans.

4) Developing remote electronic communications control systems for wind turbines.

5) Developing techniques for installation and operation of wind turbines in smaller 

village conditions.

The expected benefits are:

1) Lower electricity generation costs for consumer-owned KEA.

2) Decreased environmental damage and risks associated with using diesel fuel.

3) Decreased reliance on the State of Alaska's Power Cost Equalization program to 

help make electricity affordable.



4) Increased self-reliance using a clean, renewable local energy resource.

5) More of the money needed to generate electricity spent locally, benefiting the local 

economy.

6) New construction and maintenance jobs for local residents and other rural 

Alaskans.

5.6 Implications for Other Communities

As stated above, at least 134 other communities in the State of Alaska have a 

viable wind resource. The majority of the capital financing for the KEA wind farm came 

from grants and low interest loans, and thus the economic benefits were recognized more 

immediately, in the form of fuel savings and lower financing payments. Other 

communities that rely on diesel fuel could experience the same fuel cost savings as 

Kotzebue if they implemented wind energy projects. The 17 wind turbines in Kotzebue 

cost between $2 and $2.5 million collectively. The total cost of the project, which would 

include road construction, transmission lines, integration technologies and remote 

monitoring systems, was not available as these have been integrated into several other 

energy projects in the community (Brad Reeves, personal comm.).

Although 7 percent of the total electrical need may not seem high, the figure is 

expected to increase with the installation of more wind turbines in the future. Also, 

Kotzebue’s population of over 3,000 residents is much higher than most villages, and 

their total electrical needs are correspondingly greater. Many villages have peak
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electrical loads of less than 500 kW (compared to Kotzebue’s average peak load of 2.5 

MW), which is roughly half of the installed wind capacity of Kotzebue. With the correct 

storage devices or integration with existing diesel facilities, the potential for high 

penetration systems is very good. This, of course, is subject to the acquisition of funding. 

The Renewable Energy Grant Program, established by House Bill 152 in 2008 should 

provide some of the financing required for other communities. Of the 77 projects funded 

under the first round of the program, 26 are wind projects.

Additionally, several modifications have been made by the wind turbine 

manufacturers and by KEA itself to the existing turbines, which reflects a fast learning 

curve in both operation and design. For example: painting the blades of the wind turbines 

black increases solar energy absorption which reduces ice build up— a necessary 

consideration in an arctic environment. As well, part of the major success of the KEA 

wind farm is due to the development of a technically competent work force (human 

capital). The increase in human capital enhances the capacity of the community and of 

the state to implement other wind projects.

5.7 Advantages and Disadvantages of Wind Power

There are several general and basically agreed upon advantages and disadvantages 

of wind generated electricity that are relevant to Kotzebue and other Alaska communities. 

First, there are no pollution or GHG emissions because the electricity is produced 

mechanically with no chemical or combustion process. Second, unlike fossil fuels, wind 

is a renewable source of energy that is inexhaustible. Third, there is no fuel cost because
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the wind is free. This makes wind turbines subject to low operation and maintenance 

costs, though higher in Alaska than in more temperate climates, and because they use no 

fuel they are not subject to global price fluctuations (sometimes called the fossil fuel 

hedge). Fourth, there is a possibility of job creation from wind farms. The European 

Wind Energy Association (EWEA) estimates that 15 to 19 direct and indirect jobs are 

created for every megawatt of installed wind generation capacity. Finally, because wind 

farms use no fuel and the resource is inexhaustible, energy security is enhanced 

(Asplund, 2008; AEA/ACEP, 2009; Davis, 1984).

There are several disadvantages to wind power. First, wind is a variable resource 

and thus it constitutes a variable input into an electric grid. Therefore, storage devices or 

other stable energy sources (such as hydro, geothermal, coal, nuclear, diesel, or natural 

gas) must be used and integrated. Second, wind turbines operate at less than full 

nameplate capacity because they depend on the speed of the wind which is variable. 

Estimates range from 25-40 percent of capacity annually. Third, wind turbines have high 

up-front capital costs. High instillation costs have been experienced in Alaska due 

mostly to the remoteness of high wind communities. Fourth, wind resources are site 

specific and the availability of the resource is dependent on location. Not all 

communities have good wind resources. Fifth, wind turbines may constitute noise or 

visual impairments. Newer wind turbine models are less noisy than their predecessors, 

but there is some noise. Visual impairment is subjective. Both of these can be overcome 

with proper siting.
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Finally, there is a danger to wildlife. There is the possibility of interaction or 

contact with migratory bird species. This may be significant in coastal communities and 

the birds in question may be protected by either the Endangered Species Act, or the 

Migratory Bird Treaty Act. However, there is very little information regarding bird and 

turbine interactions. One study, cited in Asplund (2008) states that 1 in 30,000 human 

induced bird deaths are due to wind turbines, and that the number of birds that have died 

from turbine blades is negligible when compared with the number of birds dying from 

crashing into windows and buildings (Asplund, 2008; AEA/ACEP, 2009; Davis, 1984).

In the 12 years KEA has operated wind turbines there have been no documented avian 

fatalities.

5.8 Conclusion

Humans have been using the power of the wind for a very long time. The interest 

in wind as a source of electrical generation has waxed and waned with the global prices 

of oil. Alaska has a very large potential to utilize wind power for electrical generation, 

especially in coastal communities. The wind farm in Kotzebue was developed as a pilot 

project and was a joint venture between the U.S. DOE, AEA, and KEA and was 

incorporated into an associate project of the DOE’s Turbine Verification Program. 

Through this joint venture and verification program documentation has been developed 

of the construction and operational experiences of this commercial utility-scale wind 

project in an arctic setting.
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KEA operates 17 wind turbines in a low penetration hybrid wind-diesel system, 

and has a total electrical wind capacity of 1.155 MW. The electricity produced from the 

wind, roughly 7 percent of the community’s need, is used as a negative load on the 

existing diesel generator power plant, and in 2007 saved the community 100,000 gallons 

of diesel fuel. This was a $250,000 savings and it is expected that these savings will be 

more than $300,000 in 2008.

The project has been considered a success and provides proof that the technology 

is valid for the Arctic. According to Baring-Gould and Corbus (2007) this success is not 

just a product of the engineered technology, but it is also a product of the dedication and 

technical capabilities of the KEA management and staff. Over the 12 years of operation 

the management and staff have increased their knowledge of wind-diesel systems and are 

more than ready to extend that knowledge and experience to other communities, and 

KEA considers wind energy development a positive community relations tool. At least 

134 other communities in Alaska have a viable wind resource and can now draw on the 

expertise of the management and staff of KEA when developing their own wind farms. 

Moreover, Brad Reeves is a very accessible and personable individual who is excited 

about wind energy. His excitement can be infectious and he is a natural teacher.

This study is focused on electrical generation, but wind power often has other 

thermal applications because of the variable nature of the resource. Often in wind farms 

that are utilized for mini-grid applications there can be an excess of produced electricity 

that must either be consumed or dumped. In Kotzebue, for example, a portion of the 

“dump load” is used to power ice machines that produce enough ice for the seasonal
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commercial fishing fleet. Additional uses of dump loads can include district heating, or 

expanded commercial capacity.

There are several advantages and disadvantages to wind power. In the author’s 

view the advantages far outweigh the disadvantages, providing the wind resource is 

available. The major barrier to developing wind projects is the high up-front capital cost. 

However, the major advantage of wind power is that there is no fuel cost and thus wind 

projects have very low fixed operation and maintenance costs. Over a 20 to 30 year 

period (the life of most turbines, and many power plants), if fuel costs and state subsidies 

are included, it may prove that wind-diesel hybrids cost less than diesel alone for many 

communities. In St. Paul, an Aleut community of 460 residents located on St. Paul 

Island, a 225 kW wind turbine provides about 40 percent of the electricity used by the 

community’s industrial airport. The project was financed through a private lease- 

buyback program and paid for itself in seven years (Maynard, 2007). This suggests that 

overall wind energy projects in remote Alaska communities are cost-effective. Also, the 

technology is not the obstacle, it is a challenge, but it is feasible and being done.

A major drawback to wind generated electricity is that wind is a variable resource 

and cannot be used for the entire needs of a community without integrating a storage 

device. However, because most rural Alaska communities have existing diesel 

generators that currently provide all of the community’s electrical needs, wind turbines 

can be added that act as a negative load on the generators. This will save diesel fuel, as 

in the case of Kotzebue. This hedge against fossil fuel’s dynamic price structure provides 

economic relief as well as the added social benefit of energy security and diminished
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dependence on the outside. The ecological benefits are obvious. With less diesel 

combustion there is a reduction in the GHGs and other pollutants. Currently, the initial 

economic and technical barriers seem to have been overcome; now it is a question of 

policy. The question is: what do we want for the state of Alaska, and for its rural 

communities? The creation of the Renewable Energy Grant Fund seems to partially 

answer this question.
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CHAPTER 6 

Geothermal at Chena Hot Springs 

6.1 Introduction

This chapter presents a case study of the only geothermal energy resource that is 

currently utilized for electricity in Alaska. Despite a large potential for geothermal 

energy due to Alaska’s seismic activity, volcanoes, and numerous hot springs, Chena Hot 

Springs Resort (CHS) is the only project to harness the earth’s heat for electricity. For 

this reason it is a case study that can help lead the way toward tapping geothermal energy 

for electricity production across Alaska.

This chapter begins with an introduction to geothermal energy highlighting the 

three most common power plant technology designs. Next, we provide an outline of 

Chena Hot Springs Resort’s geothermal power plant operational experience and 

problems. Then, drawing heavily from Kolker (2008), which is the only study of its kind, 

implications for other communities that are located within the same geologic regime will 

be discussed.

6.2 Introduction to Geothermal Energy

The word geothermal is derived from the Greek words geo (earth) and therme 

(heat) (Graff, 2003). Energy is usable power, so geothermal energy is usable power from 

the earth’s heat. This heat can be used in many ways, for example for bathing and heat 

pumps and utility scale electricity plants (Asplund, 2008). “The heat continuously



flowing from the earth’s interior is estimated to be the equivalent of 42 million 

megawatts of power (which is equivalent to the electricity that would be used by 31.5 

billion homes” (Asplund, 2008, 163).

Heat is continuously produced far below the earth’s crust layer, mostly from 

friction, stored heat, and the decay of naturally radioactive elements. The heat within 

33,000 feet of the earth’s surface amounts to more than 50,000 times more energy than 

all of the oil and natural gas resources on the planet (Asplund, 2008; Brown, 2008). This 

heat flows upward toward the surface and conducts to the surrounding layer or rock in the 

mantle. Some of the mantle will melt, when temperatures are high enough, and become 

magma. The magma will rise because it is less dense (lighter) than the surrounding rock. 

When magma reaches the earth’s surface it can erupt as lava, ash, or other eruptive 

products. However, most of the magma will remain below the surface heating adjacent 

rocks and water. Some of this water will reach the surface and become hot springs or 

geysers, but much of it will stay below ground and will be trapped in cracks and porous 

rocks. This naturally occurring collection of hot water is called a geothermal reservoir 

(Geothermal Education Office [GEO], 2000).

Geothermal energy has been used for several millennia mostly for bathing and 

recreation. Some cultures, like the Romans, used geothermal hot springs to treat eye and 

skin disease, and at Pompeii to heat buildings. Native Americans have used hot springs 

water for medicine and cooking (GEO, 2000). In 1904 Giovanni Conti, of Italy, became 

the first person to utilize geothermal energy for generating electricity (Asplund, 2008).
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Today, most geothermal derived electricity comes from steam powered turbines 

running a conventional generator. The most common way of extracting it is to tap into a 

hydrothermal convection system by drilling (Asplund, 2008). “In these types of systems, 

geothermal heat is transferred to groundwater, and then transported via convection to 

earth’s surface. Geothermal heat can be from magma or from hot rocks deeper in the 

crust” (Kolker, 2008, 2). Hydrothermal systems have three main components: a heat 

source, circulating ground water, and some kind of “plumbing system” of closely-spaced, 

sub-vertical fractures that enable groundwater to efficiently convect through or around 

the heat source. The heat source can be shallow, or as deep as 4 kilometers or greater 

(Kolker, 2008).

There are three main types of technologies, or designs for geothermal power 

plants used today, called dry steam, flash, and binary cycle (Asplund, 2008; Kolker, 

2008). As with most renewable energy resources, the design of a particular technology, 

and selection of the most beneficial is site specific; in the case of geothermal energy, it 

depends on temperature, depth and the quality of the water and steam in the area 

(Asplund, 2008). However, all three system types essentially take hot water and steam 

from the ground, use the steam to generate electricity, and then return the warm or hot 

water to the reservoir to ensure the prolonged life of the heat source. (Ibid)

Dry steam is the oldest type of geothermal power plant. In this system steam 

from the reservoir is routed directly through turbine generators to produce electricity. 

Usually this is above 455 degrees Fahrenheit (Asplund, 2008). The Geysers in California 

have a 1,100 MW capacity power plant that utilizes dry steam technology (Kolker, 2008).



Flash steam power plants extract hot water (usually above 360 degrees 

Fahrenheit/ 182 degrees Celsius) from reservoirs at high pressure. When pumped to the 

power plant the drop in pressure causes the water to “flash” into steam which drives the 

turbines (Asplund, 2008). However, most geothermal areas contain water below this 

temperature and energy is extracted using binary-cycle systems (Kolker, 2008).

The Binary Cycle systems use water that is cooler than that in the flash steam 

system. This is the most common type of geothermal reservoir and most new power 

plants are of this type. In these systems hot water from the geothermal reservoir is passed 

through a heat exchanger that transfers the heat to a secondary ‘binary’ fluid with a lower 

boiling temperature than water, such as Iso-butane or Iso-pentane. The binary fluid is 

vaporized and used to run a turbine (Asplund, 2008; Kolker, 2008).

Three other geothermal power plant system designs are currently under 

development, and are still in the demonstration phases: the hot dry rock, Kalina system, 

and Rankine cycle system. A hot dry rock system utilizes the heat that occurs nearly 

everywhere under the earth’s surface. In this system, high pressure water is pumped 

through hot rocks below the surface. The pressure breaks up the rocks and heats the 

water. The hot water is returned to the surface to run a turbine or provide heat (Asplund,

2008). A Kalina system uses an ammonia-water fluid mix. There is a demonstration 

project in Iceland, but it is not yet commercially viable (Asplund, 2008). A Rankine 

cycle system utilizes even cooler water from a geothermal reservoir than a binary cycle 

system. Chena Hot Springs, Alaska’s only geothermal power plant, is a Rankine cycle
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system and is part of a demonstration project supported in part by the U.S. Department of 

Energy, and the Alaska Energy Authority (Asplund, 2008).

Today, geothermal power plants are operating in over 24 countries with an 

approximate total output of 8.9 gigawatts. The United States is the world leader in 

installed capacity producing 2.8 gigawatts, which is about 0.36 percent of U.S electricity 

consumption. Comparatively, in 2006 Iceland produced approximately 26.5 percent of 

its electricity from geothermal resources (Asplund, 2008), and heats 90 percent of its 

homes with geothermal direct heating (Brown, 2008).

There are more than 108 known hot springs in Alaska (Kolker, 2008). Most of 

the exploration for geothermal resources occurred between 1970 and 1985, due in part to 

the energy crisis of the 1970s (Ibid) that was generally caused by the OPEC oil embargo, 

the Iranian revolution and Iran-Iraq War that increased the global price of oil. According 

to Kolker (2008) who did extensive geologic research on geothermal energy, there are 

four predominant geothermal resource regimes in Alaska: the Aleutian Volcanic Arc, the 

Wrangell Volcanoes, the Southeast Panhandle, and the Central Alaskan Hot Springs Belt 

(CAHSB). The CAHSB is a regime of moderate-temperature geothermal activity that 

runs east-west across central Alaska from the Seward Peninsula to the Yukon Territory. 

(For a detailed geologic study of the CAHSB and its geothermal energy resource 

potential, see Kolker [2008].)

100



6.3 Chena Hot Springs Resort: Rankine Cycle Power Plant

Chena Hot Springs (CHS) is one of more than 30 low to moderate temperature hot 

springs that are found along the CAHSB. It is located about 60 miles north east of

27Fairbanks, Alaska and was first “discovered” in 1905, either by Robert and Thomas 

Swan (DOE, 2005b) or by Felix Pedro (Davis, 1984). The following year George Wilson 

homesteaded the area and by 1911 had developed a resort that attracted gold prospectors 

to its warm soothing waters (Davis, 1984). Today, Chena Hot Springs is connected to 

Fairbanks by a paved road. The resort attracts visitors from around the world (DOE, 

2005b), and is the largest winter-time resort destination in Alaska outside of the 

Anchorage area. However, it is 33 miles from the nearest power grid.

As in most remote areas of Alaska, electricity at CHS originally was produced by 

diesel powered generators (400 kW). Prior to 2006 the diesel plant at CHS consumed 

more than 200,000 gallons of diesel per year (Kolker, 2008). The cost of generating this 

electricity in 2006 was 30 cents per kW hour, with an average load of 230 kW. The cost 

of power was approximately $604,000 in 2005, and fuel alone represented 60 percent of 

the expense, or $362,000 (Holdmann, 2007). Although CHS had a geothermal resource, 

prior to the power project it was unknown if the low to medium temperatures of the 

reservoir could be used to produce electricity.

Bernie and Connie Karl purchased CHS Resort in 1998 and drilled the first 

geothermal exploration well within the first week. That winter they constructed a district 

heating system that utilized the geothermal energy to provide heating for all 30 of the

27 It is certainly possible that Native Alaskans were quite familiar with the hot springs now known as Chena 
Hot Springs.
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buildings at the resort. The Karls are long-time Alaska residents with a history of 

entrepreneurial success. When they bought the resort they had a vision: “To become a 

self-sustaining community in terms of energy, food, and fuel to the greatest possible 

extent” (Karl, 2006, 2).

They felt that the resort was an ideal place for a low temperature geothermal 

demonstration project due to several factors. First, the Karls recognized that the semi

remote and off grid location of the resort was similar to other remote locations and that 

the challenges, though reduced due to a road and proximity to Fairbanks, would be 

similar, including the lack of on-site specialized technical knowledge. Second, because 

of the access by road the installation costs of the project would be reasonable, but could 

be extrapolated to other more remote sites. Third, the resort has accommodations not just 

for construction workers and engineers, but also for conferences and workshops. Fourth, 

and perhaps most important, was the personal motivation of the Karls to make the project 

a success.

The Karls knew that the geothermal resource temperature at CHS was below what 

is normally used for power production. However, Organic Rankine Cycle (ORC) 

geothermal modules had been used to generate electricity from low temperature waste 

heat sources such as landfill gas flares. They also recognized that the market for low- 

temperature heat driven ORC systems was limited, and thus the equipment would be 

expensive. They had an idea, and in 2004 they formed a partnership with United 

Technologies Corporation (UTC) to adapt its “PureCycle 200” for use in geothermal 

systems (Karl, 2006, 26).
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This ORC design is unique; it utilizes components and hardware from air- 

conditioning equipment. The system was developed by UTC and uses equipment from 

its Carrier Refrigeration line. According to Holdmann (2007) this greatly reduces the 

upfront cost of the equipment because air-conditioning equipment has a cost structure 

lower than traditional power generation equipment. This is the first, and to date only, 

geothermal power plant in the state of Alaska. Additionally, by “generating power from 

water less than 165 degrees Fahrenheit Chena Hot Springs is the lowest temperature 

geothermal resource to be used for power production in the world” (CHSR, 2008, 1; 

Kolker, 2008).

In 2006, the Chena Hot Springs Resort installed two 200 kW, ORC geothermal 

modules with a combined capacity of 400 kW (Holdmann, 2007). Once operational,

CHS reduced the cost of electricity production from 30 cents per kW hour to less than 6 

cents per kW hour, and further reductions are expected once infrastructure loans are paid 

off (Ibid).

Several challenges were faced in linking the geothermal generators to the existing 

diesel generators to provide a stable input voltage at start up in order for the geothermal 

generators to operate as a stand alone system. There was a need for initial power for the 

pumps to extract the hot water from the reservoir that could be used to generate 

electricity and then power the pumps. These challenges were overcome and in 2006 the 

geothermal power plant was online (Chena Power Company [CPC], 2007).

The total project expenses were $2,007,770 (5 percent above the original 

estimate). The funding came from a $246,288 grant from AEA, a $650,000 loan from the
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Alaska Industrial Development and Export Authority (AIDEA) Power Project Loan 

Fund, and from cash and in-kind contributions from Chena Power and its sister 

corporations Chena Hot Springs Resort and K&K Recycling (Holdmann, 2007).

The initial up-front capital cost of the project, like many renewable energy 

projects, was very high: CHS spent about $2 million. A diesel generation system with 

equal outputs (400 kW) would cost less than $200,000. However, in its first year of 

operation (2006) the geothermal power plant displaced 44,500 gallons of diesel fuel and 

was expected to displace 224,000 gallons of diesel fuel the following year, with an 

estimated saving of $550,000 (CPC, 2007). Therefore, over a twenty year period, a 

diesel generation plant would cost approximately four times as much (assuming no 

increase in fuel prices after 2005) (Kolker, 2008).

Geothermal energy, because of its constant availability can provide a base load 

for electric utilities and mini-grid systems, provided that the resource is managed 

correctly.

In sustainably produced geothermal fields, energy extracted from a resource is 

replaced by an equal additional amount of energy on the same time scale. 

Production declines in geothermal fields, such as the Geysers and Larderello, 

have been attributed to unsustainable energy production (overproduction and/or 

improper re-injection). In contrast, many geothermal fields have sustained 

relatively constant energy production for more than three decades. (Kolker, 2008, 

127)
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Until very recently hot springs such as CHS were not considered suitable for 

electricity generation due to the moderate temperature of the surface water. The success 

of the CHS geothermal power plant has implications for other communities along the 

CAHSB as several are located near hot springs. The performance of the geothermal 

power plant at CHS can be used as a proxy for other communities in the CAHSB 

(Kolker, 2008).

6.4 Problems Experienced at Chena Hot Springs

CHS has experienced some problems. The geothermal fluids are extracted from 

relatively shallow well depths of less than 300m (<1000Ft), due mostly to budgetary 

constraints. Thus, these fluids are a mixture of deep thermal fluids and shallow 

groundwater and “are therefore probably not the hottest fluids in the system” (Kolker, 

2008, 130). The fluid is extracted at a rate approximately 4.5 times greater than the 

natural flow, with no observed flow declines in the system. However, hydrothermal 

systems require a recharge, usually done by re-injection, of both water and heat. “Even 

in hydrothermal systems that are produced for geothermal energy, water recharge should 

keep the system in a state of dynamic equilibrium wherein the geothermal reservoir is 

continually recharged by re-injecting spent fluids into the geothermal reservoir” (Kolker, 

2008, 138). The management of the recharge system, or re-injection system is paramount 

to a successful geothermal energy project.

Data collected by CHS and by Kolker (2008) show that the temperature of some 

of the geothermal wells has declined and in others temperatures have increased, for an
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overall net temperature drop of 2.1 degrees Celsius (3.7 degrees Fahrenheit) in the first 

two years of operation. Also, there has been a net pressure drop of 18.4 psi. Although 

Kolker points out that some fluctuation of temperature and pressure should be expected 

in different wells during the process of re-equilibrium, CHS also has had a net drop in 

fluids entering the power plant. The capacity of the system to provide heat and electricity 

is dependent upon the stability of the heat source.

Kokler suggests several possibly interrelated factors accounting for the net drop in 

pressure and temperature of production fluids: 1) addition of cooler fluids into the 

production supply; 2) changes in pumping rate over time; 3) re-injection of cooler fluids 

directly into the shallow thermal source; and 4) insufficient re-injection of fluids into the 

deep system, leading to decline in reservoir pressure.

“The rapidity of the resource change is somewhat alarming because it usually 

takes a longer period of time for problems to become evident” (Kolker, 2008, 177). 

However, it must also be stated that the other geothermal resources are not analogous to 

the CAHSB system and the low-temperature resource may be inherently more dynamic 

(Ibid).

Thus, it is unknown whether the drop in temperature and pressure of the 

production fluids is due to geologic conditions or the resource management regime. The 

problem remains, and the only way to determine the source of the problem and its’ 

solution is by careful monitoring of the system over the life of the project.
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6.5 Implications for Other Communities in CAHSB

According to Kolker (2008) 15 communities in central and western Alaska are 

located within 45 miles of a hot springs site. Kolker’s study examined whether or not 

geothermal energy production at these communities would be sustainable, or cost- 

effective. Because critical data, such as reservoir temperatures and flow rates, were not 

available for these sites, CHS was used as a proxy.

The individual resources proximal to these communities were assessed for 

capacity in terms of heat and electricity. Surface temperature, flow rate, chemical 

composition, and predicted reservoir temperature (by chemical geothermometry) 

data were compiled for the hot springs proximal to those 15 communities. These 

data were evaluated in the context of empirical data from the geothermal 

development at Chena Hot Springs. (Kolker, 2008, 135)

The research objective was to evaluate the sustainability, in quantifiable terms, of 

geothermal resources in these 15 communities using cost/benefit analysis for ecological, 

economic and social impacts. The model presented included standard cost components 

of power production (capital costs, operation and maintenance, and fuel prices) and, 

where it was deemed appropriate, externalities were internalized and monetized for the 

purpose of the study. Some of these included: avoided diesel cost, avoided fuel spills, 

avoided PCE subsidies, heating cost savings and avoided emergency assistance for 

heating costs, profits from greenhouse food production, and avoided CO2 emissions. 

Qualitative benefits, which were not monetized, included energy security, heating 

security, food security (from greenhouse production), job creation and price stabilization.
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Then, the quantifiable data were applied to three different scenarios, in a step fashion to 

examine how the internalizing of various costs affected the cost/benefit ratio.

The results show that “externalities are nearly as important as future fuel prices 

with respect to geothermal development” (Kolker, 2008, 191). The study found that 8 

out of the 15 hot springs seemed optimal for geothermal energy generation, and 7 did not 

due to resource constraints. The study implied that of these 8 (a total of 13 possible 

overlapping projects), several showed favorable cost/benefit ratios, but development was 

dependent on the internalization of market externalities as expressed in the scenarios. “By 

a large margin, the greatest influence on the cost analysis is the choice of future fuel price 

projections” (Kolker, 2008, 180). O f the three scenarios, the most “favorable” scenario 

was one in which fuel prices were assumed to be very high, and based on oil and natural 

gas prices at the time of the writing, this scenario was very realistic.

The study also identified two major disincentives towards geothermal energy 

development, and these disincentives apply to the development of other renewable energy 

resources as well. First was a lack of geothermal exploration data and/or data on 

geothermal resource capacity, which would reduce risk for developers. Lack of site 

specific wind data, for example, also proves to be a barrier in high-wind communities. 

Second, the availability of fuel-related subsidies encourages the use of diesel fuel, e.g., 

the PCE, bulk fuel upgrades, heating fuel assistance, and remote power system upgrades. 

The study found that the cost of geothermal energy development in communities along 

the CAHSB was less than the total fuel-related subsidies that the same communities 

would receive through 2030, and that the “disincentives spent [by the State] to maintain
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diesel power generation far exceed the cost of converting to geothermal power” (Kolker, 

2008, 188). This suggests than over the next 20 years, the total cost of geothermal energy 

for these communities would be less than the state would spend on the diesel related 

subsidies.

The implications of this study go beyond the State of Alaska’s potential to 

expedite the exploitation of these resources. The study, because it utilizes internalized 

externalities, managed to capture long-term cost/benefit ratios in a more comprehensive 

manner than most conventional analyses, and could be used by decision-makers in other 

parts of the world.

6.6 Advantages and Disadvantages of Geothermal Energy

There are some basic agreed upon (Asplund, 2008; Kolker, 2008) advantages and 

disadvantages to utilizing geothermal energy for electricity. This study is concerned 

primarily with electricity production, however, there are many other uses for energy 

besides electricity, and some of them are important considerations when harnessing 

renewable energy.

First, perhaps the greatest advantage of geothermal electricity is the low 

generation cost. As the CHS example show, the cost of producing electricity dropped 

from 30 cents to 6 cents per kW/hr. Also, this cost is stable over the life of the project. 

There is no fuel cost associated with geothermal energy, and therefore the operation and 

maintenance costs are largely fixed and are not dependent on dynamic prices of oil or 

diesel fuel.
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Second, geothermal is a continuous source of power. It is not an intermittent or 

variable source, such as wind or solar, and therefore can be used as a base load generator 

for an electrical system. Integration of wind and solar energy sources with geothermal is 

being explored to form a new kind of hybrid system. The advantage of this would be 

similar to a wind-diesel hybrid system, but the difference would be that instead of 

reducing the diesel fuel consumption, there would be a reduction in the thermal 

consumption. This would make more thermal energy available for other uses such as 

district heating and cooling, or greenhouse heat production.

Third, geothermal is a renewable source of energy. If a project is constructed and 

managed correctly the resource should be inexhaustible. Fourth, binary-cycle geothermal 

systems produce no GHGs and no other pollution. Older geothermal systems produce 

around one sixth of the CO2 produced from natural gas combustion, as well as minute 

amounts of nitrous oxide and sulfur-bearing gases. Fifth, geothermal is a domestic 

source of energy and it therefore reduces the dependency on foreign sources. This 

provides increased energy security, and for a small community an increase in self

sufficiency.

There are also disadvantages to geothermal energy. First, as with all renewable 

energy, geothermal is site specific. With current technology geothermal power plants are 

economically viable only in active geothermal areas where the heat is concentrated 

relatively close to the surface. Second, geothermal energy requires large amounts of 

capital investment for exploration, drilling wells, and constructing plants. It may also 

require lengthy geological studies. This is one of the main reasons why more geothermal
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energy is not presently being utilized in Alaska. As the saying goes, “oil is where you 

find it,” so is geothermal. Exploration for geothermal energy requires a risk-taking 

attitude on the part of the investors.

Third, some geothermal technologies produce toxic solid materials, or sludges, 

that require proper disposal. This may prove difficult in remote areas. However, the 

modern technology, such as the ORC used at CHS Resort, eliminates this possible 

barrier. Fourth, the construction of geothermal power plants may cause land 

destabilization, and hot rock technology can produce seismic activity. Again, the ORC 

technology eliminates this possibility. Finally, if the heat source of a geothermal project 

is not managed correctly, it can be depleted. This may be the case at CHS Resort where 

there have been both temperature and pressure drops. However, as stated above, the 

decrease in temperature and pressure could represent the dynamic nature of low 

temperature geothermal resources.

6.7 Conclusion

The Chena Hot Springs Resort’s geothermal energy project is the only one in 

Alaska. This is due to several factors. First, there is an overall lack of site specific 

geological studies for energy use (Kolker, 2008). Second, prior to the CHS project, it 

was unknown whether or not low temperature resources were a viable energy source. 

Third, Bernie Karl is an excellent example of a policy entrepreneur. The Karls are highly 

motivated and organized, and were successful in acquiring state and federal support for
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their demonstration project. Without this entrepreneurial activity the CHS geothermal 

project would not have been realized.

Yet, the project has been realized. It is the lowest temperature geothermal 

resource utilized for electricity production in the world. The success of this project 

demonstrates the viability of harnessing low temperature geothermal resources for energy 

production that can be translated to other communities, at least along the CAHSB. The 

project’s entrepreneurial attribute has paved the way for other communities, both by 

demonstrating the viability of the resource, and increasing the local human capacity. The 

knowledge gained by the operational experiences at CHS can be employed by other 

communities with similar resources that seek to reduce dependency on diesel fuel.
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CHAPTER 7 

Analysis of the Cases 

7.1 Introduction

Renewable energy technologies are sometimes called “alternative” energy 

technologies. This is because they are alternatives to the status quo of fossil fuel 

generated electricity. Most villages in Alaska rely on diesel fuel for their base load 

electricity. This chapter will analyze the two case studies in terms of ecological, 

economic, and social costs and benefits in comparison to the status quo of diesel 

generated electricity.

As discussed in chapter 2, the ecological costs of diesel generated electricity 

versus renewable sources are: GHG emissions, other air-born pollutants, mercury, and the 

risk of fuel spills. The economic cost/benefit analysis focuses on the end-user prices of 

electricity, the role of the PCE program, and the possibility of a future carbon market.

The social cost/benefit analysis will treat positive and negative market externalities such 

as energy security, price stability, community empowerment, job creation, social capital, 

village out-migration, and political capital in a speculative manner.

7.2 Wind-Diesel Hybrid in Kotzebue

Kotzebue has about 3,000 residents. Until the early 1950s the community had 

little electricity. In 1956 the community formed the Kotzebue Electric Association 

through a loan contract and mortgage from the Rural Electrification Administration 

(REA). For the next 41 years the community relied on diesel generators to provide
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electrical service. In 1997 KEA began a multi-year demonstration wind farm project 

with support from the DOE and AEA.

Kotzebue has an 11 MW diesel generation plant that has been integrated with 

wind turbines to make a hybrid wind-diesel system. This was a multi-stage process that 

began with three wind turbines and has grown to a capacity of approximately 1.155 MW. 

These turbines now produce around 7 percent of the community’s electrical power. The 

wind-diesel system is a low to medium penetration system (depending on the time of day 

and the load). The technology involved in integrating the turbines and the diesel 

generators is fairly complex. However, prior to 1996 the diesel generators provided 100 

percent of the electrical generation for the community. The turbines now act as a 

negative load on the system, which reduced the use of diesel fuel by 100,000 gallons in

2007.

The ecological impact of the wind farm is fairly negligible. The wind farm is 

located approximately four miles from the community, and is connected by a gravel road 

in the summer and an ice road in the winter. Transmission lines were built to connect the 

wind farm with the diesel plant. Kotzebue is a coastal town and thus has a variety of 

migratory birds. Wind farms do pose a possible threat to these birds, most of which are 

protected under the Migratory Bird Treaty Act. However, research has not yet uncovered 

any reports of bird fatalities or other interference from the wind turbines in Kotzebue. 

Moreover, several authors (Brown 2008; Asplund 2008) have cited studies that suggest 

bird fatalities from wind farms are miniscule in comparison to bird fatalities from flying
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into buildings, cars, or being captured by cats. It is also suggested that fewer than 1 in

30.000 bird deaths can be attributed to wind turbines.

In 2007 the wind farm at Kotzebue saved the community 100,000 gallons of 

diesel fuel. This is the equivalent of avoiding nearly 1,000 metric tons of CO2 emissions. 

It also can be assumed that emissions of sulfur dioxides, nitrogen dioxides, and mercury 

were avoided. The wind farm, however, has not significantly reduced the risk of fuel 

spills as the diesel plant continues to provide most of the town’s electricity. In 2007, 

Kotzebue’s diesel plant burned approximately 1.5 million gallons of diesel fuel. Diesel is 

delivered to the community by barges in the summer and stored for the duration of the 

winter in two holding facilities. The community is still working toward an eventual 2-5 

MW wind capacity which would reduce emissions even further and possibly reduce the 

risk of fuel spills.

Of perhaps greater significance is the economic impact of the project. The wind 

turbines themselves cost between $2 million and $2.5 million (Brad Reeves, personal 

comm.). However, the majority of this money was provided by the DOE and AEA in the 

form of grants and low interest loans. The total cost of the project including road and 

transmission lines, integration technologies, and remote monitoring is not available. 

However what is immediately apparent is the end-user cost savings by avoiding burning

100.000 gallons of diesel fuel. In 2007, those savings were approximately $300,000.

This shows that even if the majority of the project had not been grant funded, the payback 

period could still be within a 10 year time-frame, even in remote Alaska.
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KEA is a cooperative and the end-user cost is a function of the production cost. 

For a community of 3,000 people, this savings translates to around $100 per individual. 

According to the 2007 PCE statistical report, Kotzebue had 975 residential customers 

(households). Fuel savings translates to just over $300 per customer.

Additionally, Kotzebue is the commercial hub for the region, and the savings in 

electrical commercial end-user electricity costs would indirectly be passed on to the rest 

of the community. Fuel savings also mean that $300,000 may not have left the 

community that would otherwise have been spent on fuel. The PCE subsidized 28.4 

percent of the total kW purchased. The effective residential end-user cost, after the PCE 

adjustment was 18.81 cents per kW/hr. Prior to the PCE, the average kW/hr price for the 

community would have been 38.5 cents per kW/hr. The required PCE contribution was 

$1.2 million dollars. Between 2007 and 2008 the delivered price of diesel rose 172 

percent from $2.53/gallon to $4.37/ gallon. The expected savings will also increase.

In the context of a $2.5 million dollar project that is expected to last upwards of 

30 years, a $300,000 per year savings is significant. Also significant would be the capital 

available if a carbon cap-and-trade system were implemented in the U.S. At current 

European Carbon Market prices of approximately 20 euros per metric ton of CO2, there 

would be a capital inflow of roughly an additional $28,000. However, the value of CO2 

in the U.S. is impossible to determine at this point.

The current savings provides a hedge against the volatility of global fuel prices. 

Although the specific social benefits are hard to quantify, there is qualitative evidence 

that the project has benefits. KEA is a nationally recognized leader of small rural
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cooperative electric companies utilizing renewable resources. There is now a technology 

training center and program, which utilizes solar panels (donated by KEA) for some of 

the building’s electricity. This program, along with the direct training of the individual 

employees at KEA helps increase the region’s human capital and makes it increasingly 

possible for other communities to learn from KEA’s operational experiences and to 

implement their own wind-diesel hybrid systems.

Selawik, about 70 miles from Kotzebue, is a community of 841. It was able to 

utilize KEA’s wind-diesel experience and erected four 50-kW wind turbines. In fact, 

KEA owns the turbines and has a power purchasing agreement with the Alaska Village 

Electrical Cooperative (AVEC) which operates the power plant. KEA also owns wind 

turbines in Wales, Alaska (population 160). This suggests that the Kotzebue project not 

only has fiscal efficacy, but that it can inspire other communities to seek energy 

independence as well as capitalize on the design, operation and management experience 

of KEA.

Wind-diesel hybrid systems are not a “silver bullet” against environmental harms 

from fossil fuel combustion, nor are they a complete solution to high electricity prices. 

Yet, they are a hedge against volatile fuel prices; they help reduce the long term planning 

obstacles for commercial enterprises, and increase residents’ ability to pay their electric 

bills while still maintaining, or even increasing, the aggregate demand in the community. 

Stable electricity prices help create a more favorable business environment, and fuel 

savings increase the flow of capital within the community instead of leaving the 

community.
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As noted in chapter 5, one of the reasons that KEA began this project was 

“declining support from the state legislature to keep energy costs in rural Alaska at 

reasonable levels” (KEA, 2009a). We can assume this statement is pointed at the 

decreasing support from the PCE program at the time. The successful operation of the 

wind farm in the face of declining legislative energy support can be seen as a kind of 

community emancipation, or empowerment, and this has been shown to occur in other 

rural communities (Biswas, Bryce and Diesendorf, 2001). Additionally, the project may 

help create a more vibrant community by providing opportunities to decide their own 

courses of action, creating jobs and providing cutting edge technology training to local 

residents. This could increase real or perceived opportunities within the community, 

while lowering the overall cost of living, which may result in reduced out-migration. 

These are some of the anticipated social benefits of renewable energy projects in rural 

Alaska.

It would seem that the PCE program is benefiting the community of Kotzebue. It 

lowers the end-user cost of electricity and so far does not seem to be a disincentive to 

developing renewable energy. However, another way to look at the impact of the PCE 

would be to imagine what else could be done with $1.2 million dollars annually. Over a 

20 period, at current PCE subsidies, this would be approximately $24 million, and might 

provide sufficient capital for other renewable energy projects, such as a battery storage 

system, a hydro-electric, or geothermal facility that would eliminate the need for a diesel 

plant altogether. That would indeed reap significant environmental, economic and social 

benefits, while reducing the economic and political liability to the state.
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7.3 Geothermal Energy at Chena Hot Springs

Chena Hot Springs (CHS) is one of more than 30 low-to-moderate temperature 

hot springs found along the Central Alaskan Hot Springs Belt (CASB). The geothermal 

power plant at Chena Hot Springs Resort (CHS) is currently the only geothermal resource 

in Alaska used for electricity generation. It is located approximately 60 miles north east 

of Fairbanks and connected by a paved road, but is at least 33 miles from the nearest 

power grid. It is a resort that attracts visitors year-round from across the globe. This 

situation differs significantly from Kotzebue as CHS is a for-profit business rather than a 

residential and commercial community. However, a similar analysis can be used in this 

case.

Prior to the installation of two 200 kW Organic Rankine Cycle (ORC) geothermal 

modules (installed in 2006) CHS relied on 400 kW of diesel powered generators. The 

cost of generating electricity from the diesel was 30 cents per kW/hr, and the fuel alone 

cost $362,000. Following the commissioning of the 400 kW of geothermal electricity, 

the cost of generation dropped to 6 cents per kW/hr. Because geothermal energy is 

continuous and not a variable resource like wind, geothermal can be used as a base load 

which eliminates the need for diesel generators. CHS retains the diesel generators as 

back up.

The ecological impacts of this project seem to be minimal. There has been no 

reported increase in seismic activity, and the use of ORC technology eliminates any solid 

toxic waste associated with other geothermal systems. According to Kolker (2008) data



suggest an overall drop in reservoir temperature and pressure. This could be due to 

unknown geologic properties of low temperature geothermal systems, or poor resource 

management. This is a major concern; however, currently it does not seem to pose a 

significant ecological threat. There have been alterations to the landscape in the form of 

wells and piping, but the overall scale of the project is small.

In the first year of operation the project eliminated the need for 44,500 gallons of 

diesel fuel, and was expected to displace 224,000 the following year. This is quite 

significant, and translates to 2,189.9 metric tons of CO2 emissions avoided and the near 

elimination of the use of diesel fuel altogether. Without diesel fuel there is no risk of fuel 

spills, or GHG, sulfur dioxides, and nitrogen dioxides emissions.

Geothermal power plants are characterized by high up-front capital costs, but low 

operation and maintenance costs due to lack of fuel needs. The project at CHS cost 

approximately $2 million. Although the upfront capital cost of a diesel system with the 

same output capacity would be approximately $200,000, Kolker (2008) estimated that 

over a 20 year period the diesel system (assuming no fuel price increase after 2005) 

would cost four times as much as the geothermal system due to the cost of fuel.

In its second year of operation the project was expected to displace 224,000 

gallons of diesel, which is the equivalent to a savings of $550,000. These kinds of 

savings suggest that the payback period on a loan for a similar project could be on the 

order of five years or less depending on the interest rate. Also, this would represent a 

credit of over $60,000 in the current European Carbon Market, but again, the exact 

implications of a U.S. carbon market are unknown.
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Perhaps the most significant benefit of CHS’s geothermal power plant is the 

demonstration that low temperature geothermal resources can be utilized for electricity 

production. The system at CHS also provides heat and enough excess electricity to 

operate a large greenhouse that supplies a large percentage of the fresh vegetables for the 

resort’s restaurant. This has very interesting implications for other communities with 

similarly viable geothermal resources. Many remote Alaskan villages suffer from very 

expensive food prices and an overall lack of fresh vegetables which is both an economic 

and a health concern.

CHS is not a PCE eligible community, but there are additional fuel related 

subsidy implications for rural communities along the CAHSB, as outlined in Chapter 5. 

Kolker (2008) examined the long-term costs and benefits to other communities near 

viable geothermal resources. The study attempted to internalize market externalities 

including avoided fuel spills, avoided PCE subsidies, heating cost savings, and avoided 

emergency assistance for heating, profits from greenhouse food production, and avoided 

CO2 emissions. This study went a long way in legitimizing the internalization of the 

positive externalities when assessing the costs and benefits of renewable energy 

development. However, externalities notwithstanding, the study found that the cost of 

the total fuel related subsidies these communities expect to receive through 2030 

exceeded the cost of geothermal energy development. In short, the fuel related subsidies 

were greater than the cost of converting to geothermal power. This suggests that the PCE 

and other fuel related subsidies are a short-term measure, not a solution to high electricity
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prices, and do indeed prove to be a disincentive to the development of renewable 

electricity technologies.

The project at CHS also has a significant political dimension. Approximately half 

of the total funding came in the forms of grants and low-interest loans from the DOE and 

AEA (acquired by a very entrepreneurial businessman, Bernie Karl). This suggests 

political interest in the pilot project for two reasons. First, it has become increasingly 

important for society to perceive that government agencies are addressing the “energy 

crisis” and even more important that they are addressing the problem in an 

environmentally sensitive fashion. This may be very important in a state, such as Alaska, 

that has a long historical tie to oil and natural gas development, which is regarded by 

environmentalists as being fiscally myopic and ecologically damaging.

Second, former Governor Murkowski and former Senator Stevens were present at 

the ribbon cutting ceremony and commissioning of the CHS geothermal power plant.

This has the possibility of gaining two conservative Republicans some political capital 

from the left. As well, because CHS is connected to Fairbanks by a paved road, and is a 

for-profit resort, it is a more visible project than a renewable energy project in a remote 

and inaccessible community. This has the possibility of increasing political capital gains, 

as well as significant financial marketing power for the owners of the resort. This could 

result in significant direct economic gains through increased visitation. However, this 

project has only been in operation since 2006 and with that limited amount of data, the 

long-term ecological, economic, and social effects are difficult to ascertain.
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7.4 Conclusion

This chapter using both qualitative and quantitative data has attempted to analyze 

the ecological, economic, and social cost and benefits of the two case studies. In both 

cases significant ecological benefits were derived from the deployment of renewable 

energy. The more significant ecological benefits came from the geothermal power plant 

at CHS due to two main factors: 1) overall small electricity needs, 2) geothermal is used 

as a base load and thus primary electricity source. CHS only requires 400 kW of 

electricity, and the geothermal power plant is able to supply nearly the entire amount.

This means that nearly all of the ecological costs associated with diesel electricity 

generation have been displaced. The hybrid wind-diesel project in Kotzebue displaces a 

significant amount of diesel fuel, but does not eliminate its use.

The economic costs were somewhat similar because both projects received 

significant grant and low-interest loan financing. From this we can conclude that no 

renewable energy projects can be established in rural Alaska without some form of up 

front funding. The funding could come from the state of federal coffers, or through low 

interest private loans, lease-loan programs, bond-debt reimbursement or other financial 

mechanisms. The actual economic savings, realized by displaced diesel fuel, are greater 

at CHS than Kotzebue because CHS’s system provides a greater percentage of the total 

community electricity needs than the wind farm. However, the communities are quite 

different demographically and geographically. Both projects had similar economic costs, 

but provided electricity to very different population bases. CHS is a resort and has very 

few full-time residents. Even at full resort occupancy, the total population would be
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something on the order of 10 percent of Kotzebue’s permanent residents. This is

significant because if Kotzebue had spent ten times as much money and had a wind

28generating capacity ten times greater — approximately 7 MW, and we can assume this is 

technologically feasible—then Kotzebue would displace roughly 1 million gallons of 

diesel fuel per year, and the economic savings of this could be as much as $3 million per 

year in fuel savings alone (in 2007 fuel prices). A more probable scenario would be an 

increase of Kotzebue’s wind capacity to 2.5-4 MW (which is the average load 

requirement, and is the goal) and integrating a storage device that would allow the 

electricity generated from wind to be stored and increase displacement of diesel fuel. 

Kotzebue does not need 7 MW of wind power. Kotzebue needs a storage device to 

compensate for the variable-input nature of a wind resource. Kotzebue is currently 

exploring these options, which may prove to be significantly cheaper than 7 MW of wind, 

and have the potential to increase the penetration of the system to “high.”

Social benefits represent the greatest achievement in both projects. Indirect 

benefits include: energy security, stability of electricity prices, increased aggregate 

demand, and more money spent locally. As well, CHS has interesting food security and 

community heating implications that policy makers ought to explore. Additionally, as 

both are pilot projects it can be assumed that interactions with institutions such as the 

National Renewable Energy Laboratory and the DOE increase the social and human 

(training) capital of the project managers and employees. This gives them greater access
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to assistance and technological expertise. This social capital has the potential to spread to 

other communities.

Kotzebue’s wind project demonstrates that the wind technology currently 

developed is mature and ready for arctic applications, which was in question at the 

inception of the project. Coupled with Kotzebue’s technology program, operational 

experience and increases of human capital in the region, the project’s record suggests it is 

feasible for other communities to implement their own wind energy programs.

The CHS geothermal plant demonstrates the feasibility of utilizing low- 

temperature geothermal resources that have never been considered for community power 

applications, and this has significant implications for other communities. At a time when 

the State of Alaska is in need of solutions for rural community energy needs, both of 

these projects demonstrate a framework for technology projects that is feasible, and can 

be modified to fit other communities’ specific needs. As well, they have demonstrated 

the efficacy of these power systems to state law makers and agencies such as AEA. The 

continued experimentation on renewable energy projects in rural Alaska will depend 

largely on popular and elite perception of the feasibility and benefits of such projects. 

After the failure in the 1980s of small wind projects around the state, there was no 

momentum to continue exploring the technology. However, the success of Kotzebue has 

changed the game. According to KEA’s general manager Brad Reeves, “I think that’s the 

best thing we did, we made believers out of people again” (Schenck, 2008, 2).
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CHAPTER 8 

Conclusions 

8.1 Introduction

This is the concluding chapter of this thesis. It begins with a brief summary of the 

material covered. It will recapitulate for reader of the three categories of costs associated 

with electricity production, the history of the electrification of Alaska, the analysis of the 

PCE program and the particulars of the case studies. It will then summarize the research 

findings regarding the case studies and their costs and benefits. Next, will be a section on 

the lessons learned from these case studies that will focus on the factors that helped them 

succeed. Finally, a few areas for further research and some policy recommendations are 

presented.

8.2 Summary

This study is an attempt to answer the question: how can the cost of electricity in 

rural Alaska be reduced? The thesis shows that the cost of electricity has several 

dimensions and extends beyond economics. The cost of electricity concerns the entire 

social ecological system, including the ecological, the economic, and the social. This 

study has focused on two case studies, and on supply-side electricity only. A more 

comprehensive study of the entire energy system is needed: one that would include 

heating and transportation as well as energy conservation and efficiency.



The thesis began with an introduction to the costs of electricity and defined the 

three categories as ecological, economic, and social. It discussed the energy crisis 

currently affecting Alaska and focused on the plight of rural Alaska.

Then, a brief history of the electrification of Alaska was outlined, which showed 

that it followed a pattern similar to (albeit slower than), the contiguous 48 states. With 

the rise and fall of global oil prices the interest in renewable energy sources has waxed 

and waned. Major population booms from the Klondike Gold Rush, World War II, and 

the Trans Alaska Pipeline facilitated the electrification of Alaska. The federal 

government was also instrumental, through the New Deal’s creation of the Rural 

Electrification Administration. This historical outline put the current state of Alaska’s 

electricity production in context, and highlighted the change from private investment to 

state and federal support for energy projects.

Next, the major state electricity subsidy, the PCE program was discussed in detail 

beginning with its inception and continuing to the current status of the PCE. The PCE is 

a paradoxical policy that provides a measure of relief to rural residents, but does not solve 

the problem. It developed in tandem with the growth of state government and provision 

of increased services to rural Alaska over the last 25 years. It has proven to be both 

expensive and only a short-term stop-gap measure, but there would be high political costs 

and possibly some community disasters if it were eliminated.

Following this, two case studies were presented: one of a wind-diesel hybrid 

system in Kotzebue, Alaska, and a geothermal project in Chena Hot Springs, Alaska.

The case studies discussed the background of the technologies employed and the current
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state of each project. Highlighted were the process involved and the motivation of the 

key players, as well as the effects on the community and other communities with similar 

profiles.

Finally, the two cases were analyzed based on factors defined in Chapter 2. These 

factors were ecological, economic, and social costs involved with electricity production. 

The analysis was both quantitative and qualitative, and there was a good measure of 

speculation involved especially regarding the social costs and benefits. The attempt was 

to ascertain if these social costs and benefits could possibly exist.

8.3 Research Findings

Reliance on fossil fuel combustion, in the form of diesel generated electricity, 

presents an ecological cost. The costs consist of GHGs and other air-borne pollutants, the 

release of mercury into the food chain, and the risk of fuel spills. The economic costs are 

also high. Ironically, although Alaska is an energy exporting state, rural Alaska pays far 

more for electricity than residents in Anchorage, Fairbanks, and Juneau, and Alaskans in 

aggregate pay the seventh highest average rate for electricity in the nation.

These high economic and ecological costs also produce high social costs of 

electricity for rural residents. Although recent studies have found no direct link between 

village out-migration and energy prices, a link between out-migration and high costs of 

living was found (Martin et al., 2008). Reductions in the economic costs of electricity 

may not solve migration issues, but it may lower the cost of living and create new 

opportunities. The synergy between the ecological, economic, and social costs should be
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given more weight in future studies. There are many unquantifiable costs and benefits 

associated with electricity production. This study has attempted to highlight some of 

them.

In the case of the wind-diesel hybrid system, the study found that the ecological 

costs were reduced compared to the status quo of only diesel electrical generation, but 

were not completely eliminated. As well, the economic costs were reduced but not in 

large amounts due to the size of the project versus the total energy requirements of the 

community. The economic benefit of avoided CO2 emissions is unknown. There were, 

however, significant social benefits.

First, the project has provided increased technical and managerial expertise of 

wind farms for Kotzebue Electric Association (KEA). This increased human capital can 

be exploited by other communities. Second, the fine-tuning of the engineering of the 

wind turbines increases the possibility of successful technology transfers. Finally, the 

decreased consumption of diesel fuel provides a hedge against volatile oil prices and thus 

increases electricity price stability.

In this case, the PCE did not seem to be a major barrier to the development of 

renewable energy technology, but may prove to be a barrier to significant technology 

transfer because it reduces motivation for other communities to follow. It seems the PCE 

is a snake that eats its own tail, neither solving the problem nor allowing other solutions 

to manifest quickly.

In the case of the geothermal power plant, this study found that the ecological 

costs were greatly reduced compared to the status quo of diesel electricity generation.
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The technology supplies continuous energy in amounts sufficient to displace nearly all 

diesel fuel needed for electricity generation. The economic costs were also significantly 

reduced, but again the possibility of avoided carbon benefits is not known. CHS is a 

resort, a for-profit business, and therefore indirect economic benefits were not discussed 

for the area. However, the possibility of technology transfer is great, and this study 

suggests there may be direct and indirect economic benefits to other communities near 

similar geothermal resources. This is perhaps the greatest social benefit as well. In this 

case study, state fuel subsidies including the PCE were found to be a disincentive to the 

deployment of geothermal power in other communities.

Both case studies, although they use different technologies, are pilot projects.

Both appear to be success stories, and seem to prove the viability of the technologies and 

their applications in rural arctic settings. In both cases it was found that a reduction in the 

cost of electricity in rural Alaska could be achieved through the deployment of renewable 

energy technologies that are site specific.

8.4 Lessons Learned

There are ecological, economic and social costs and benefits to electricity 

production. The amount of these costs, and the possibility of benefits, are dependent 

upon the choice of technology used for electricity production. This thesis presents two 

case studies where renewable energy projects have effectively lowered the cost of 

electricity in all three categories. The economics are good, the technology is feasible, 

and now it is a question of human capital and policy frameworks.
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Electricity production projects of any kind require significant capital up front. 

Renewable energy technologies are more economically expensive than the status quo of 

fossil fuels at start up, but often prove to be less expensive in the long run. This up-front 

capital cost is generally considered to be the major barrier to the deployment of 

renewable energy projects. However, the ecological, economic, and social benefits have 

prompted many communities and policy makers to seek project funding. In the cases 

presented here, significant federal and state funding support was achieved.

As shown in chapter 3, historically we find a shift from private enterprise 

investment to state and federal funding support for electricity projects. It would be a 

fallacy to assume that private enterprise should now be relied upon to transition from 

fossil fuels to renewables in rural Alaska. Most, if not all, rural communities developed 

their utility services with state and federal support and are not-for-profit cooperatives.

So, the up-front capital cost is still a major barrier in many rural communities in Alaska. 

Yet, the Renewable Energy Grant Fund goes a long way toward providing funding for 

some communities.

However, it is important to realize that not all communities have the human 

capital necessary to acquire funding under a bureaucratic grant system. If we can assume 

that the first major barrier, funding, has been disposed of by the grant program, then the 

next major barrier would be acquisition of the grants themselves.

In the case of Chena Hot Springs we find an organized and motivated policy 

entrepreneur, Bernie Karl. It was his vision and persistence that led to a technology 

breakthrough and the state and federal funding support needed. Karl also contributed
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cash in-kind to the project from some of his other sister companies. Not all communities 

have a resident with personal connections to former law makers or members of the 

executive branch. Not all communities have a Bernie Karl.

In the Kotzebue case, there's a relatively united Inupiat Eskimo community, 

with a very successful track record of gaining government support for development 

projects. Additionally, Brad Reeve, who is the general manager of KEA, was a major 

motivator for the development of wind energy. He was successful at convincing the six 

member board of directors to supply some initial funding for wind power supply and 

quality studies. He has also proved to be successful at negotiating complex bureaucratic 

grant processes that allowed the project to grow and integrate with other federal and state 

technology experimentation and verification programs.

These two individuals contribute a large portion of the human capital needed for 

successful projects. As shown in Chapters 6 and 7, the success of these projects has 

implications for other communities in rural Alaska. One of the areas of greatest success 

is the increased human capital acquired through the operation and management of these 

technologies. The success of these projects can be infectious. What is needed now are 

both openness and a willingness to share operational experiences with other communities. 

KEA has a successful track record here, as shown by the increase in wind projects in the 

region and the technical support they have received from KEA. CHS hosts a yearly 

renewable energy fair, and has also been the host of several geothermal energy 

conferences. Both of these aid in the marketability of the resort, but that should not be 

taken as the only motivation. One only has to spend a few minutes with Bernie Karl to
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realize his enthusiasm for geothermal energy and sustainable living in general. The 

author has found him slightly proprietary of certain data sets of CHS’s operational 

experiences, particularly regarding the drop in thermal temperature and pressure of the 

geothermal resource. However, that is his prerogative, and may or may not represent a 

hurdle to successful geothermal technology transfers.

8.5 Areas of Further Research

This thesis has really only scratched the surface. What has been uncovered is that 

renewable energy projects can reduce the costs of electricity in rural communities. What 

needs to be done is to form a workable template to evaluate the costs and benefits for 

each community over the long term. AEA has begun work in this area with the vetting 

process for grant applications under the Renewable Energy Grant Fund. However, it 

would be prudent to realize that there is not a one-size-fits-all template or solution and 

therefore a considerable amount of time is required to evaluate the situation in each 

community.

As mentioned above, a comprehensive study of each community’s energy flows 

should be conducted. This should include electricity, heating, and transportation. It 

should also include both supply and demand side factors. We know that the high costs of 

energy in rural Alaska are a problem, but until we know the particular details for each 

community, solutions will be hard to find. The evaluation of alternative options should 

include the usual economic analysis but should also include the amount of funding that 

the state will be liable for due to fuel subsidies. As shown in Chapter 6 and 7, these



subsidies have the potential to exceed the economic cost of renewable energy projects 

over a 20 to 30 year period. This is important to recognize.

If the policy framework for funding renewable energy is in place and deemed 

reasonable, further studies regarding human and social capital and their effects on 

renewable energy projects should be undertaken. It would be advisable to conduct 

studies to establish base-line human and social capital requirements that make projects 

successful. Then, research should focus on ways to improve both.

The three categories of costs evaluated in this thesis (ecological, economic, and 

social) are considered the three pillars of sustainability. Overall, the social costs and 

benefits of energy in general, need more attention by the academy. Recent literatures in 

the areas of sustainability, sustainable development, adaptation, vulnerability, and 

resilience have made the initial efforts.

One of the inherent weaknesses of these analytical frameworks is that they rarely 

agree on specific definitions. For this reason they have been excluded, to a large margin, 

from this work. The end goal of these areas of inquiry is to identify problems and then 

solutions that will contribute to continued life on earth, and presumably, in a manner that 

fosters well-being. However, the issues are broad, the concepts generalized and usually 

theoretical, and policy-makers are often stumped by the vagueness, ambiguity and lack of 

consensus.

This does not make these frameworks useless. Rather, the concept of 

sustainability is so complex that the literature generalizes concepts to create heuristic 

models that can then be applied within the context of specific social-ecological systems.
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This needs to be continued and applied to energy in a rigorous manner until a general 

consensus is reached.

8.6 Policy Implications for the PCE

The PCE is a subsidy intended to reduce the cost of electricity in rural Alaska. As 

shown in chapter 4, the policy is both a success and a failure, and is very expensive. As 

noted above, there are many possible ways to invest these dollars other than a subsidy, 

and it is a disincentive to the development of renewable energy technologies. The 

program is subject to annual appropriations by the legislature, and thus is highly political. 

Many communities rely on the PCE and would fare poorly without it. As shown by 

Goldsmith (1998) the immediate elimination of the PCE could cause many rural utilities 

to fall into a “death spiral” with the possibility of dramatically reducing community 

viability. The elimination of the PCE would also literally remove money from rural 

Alaska, lessen purchasing power and cause a rise in unemployment.

In 2004 the PCE cost a total of $15.7 million dollars, and is projected to reach $48 

million in FY 2009 (AEA, 2008b). In 2004 the Alaska Energy Authority (AEA) released 

its Rural Energy Plan. That plan identified 31 communities, representing 15,000 

residents having “attractive opportunities for wind resource development” with economic 

benefit/cost ratios ranging from 1.0 to 1.7. The report also found that “these communities 

represent, in aggregate, a total present value benefit of $38.6 million and a total present 

cost of $35.2 million” (AEA, 2004, 3-1). This aggregate of total cost represents capital +
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operation and maintenance + wind development program costs, and is expressed in 2002 

dollars, based on a cash flow estimate over a 15 year life using a 5 percent discount rate

There are two important ideas that come from the above findings. One is that 

there was a $3 million savings awaiting the state in reduced PCE funding. If the projects 

represented a total present value of $38.6 million and a total present cost of $35.2 million, 

then the difference is $3 million. That represents a possible savings in avoided subsidies.

Second, and not as obvious, is the choice of a five percent discount rate that 

relates to the customary link between capital dollar investment and the return on the same 

dollar if  it were invested in the permanent fund, which has averaged just below a five 

percent return on investment (Mike Pawlowski, personal comm.). The comparison 

between lowered electricity costs and a perceived performance in the permanent fund 

ignores the cost of the PCE over those same years. This way of viewing the investment 

in isolation and discounting the benefits does not consider the future saving to the state of 

deploying renewable energy projects in the present. During the years that the capital is 

invested at 5 percent, the state is spending considerably more for electricity subsidies.

29Electricity used today cannot be used tomorrow. With projected fiscal deficits from 

declining oil production on the North Slope, perhaps the money would be better invested 

in future capacity. In retrospect, the recent volatility of fuel prices makes the investment 

in wind-diesel projects more attractive. The report also finds that because the PCE 

“insulates rural residential customers from seeing the full effect of fuel price swings [it 

adds] a further market impediment to rational economic choices” (AEA, 2004, 3-27).

29 Electricity is really just a currency of energy. Once electricity is used it is transformed to another form of 
energy, such as mechanical or thermal. To “reuse” electricity, you must transform it back.

136



137

8.7 Policy Implications for the Renewable Energy Fund Grant Program

The Renewable Energy Fund Grant Program was created by the Alaska State 

Legislature in 2008 by House Bill 152. This program provides $250 million, over five 

years, in grants and low interest loans for renewable energy development in Alaska. In 

the first year of funding, the state legislature double funded the program to provide $100 

million. A total of 77 projects were accepted for funding, but not all of them received the 

full amount requested.

The following year (FY 2009) the state legislature funded only $25 million for the 

program. The same year, Governor Sarah Palin announced that Alaska would achieve 50 

percent of energy production from renewables by 2025. Governor Palin did not specify 

at all how Alaska was to reach this goal, but in conjunction with the legislature, managed 

to cut in half the amount of grant funding. These two actions seem to be incompatible. 

First, the Renewable Energy Fund Grant Program is not directed solely at rural Alaska, 

even though many rural communities did receive funding in the first round. However, 

the lack of complete funding increases the risk of any project. The risk is that the project 

will end up partially completed, removing any efficacy it may have had, or that the 

project will be completed but lack operation and maintenance funding.

Second, the governor’s announcement may have been a populist maneuver, or it 

may have been a way to find both the funding and political capital for a mega hydro

electric project such as the contentious Susitna Dam, which may be the only way for
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Alaska as a whole to achieve 50 percent renewable energy production in the next sixteen 

years.

8.8 Policy Recommendations

The grant program is a large step forward for the state in institutionalizing the 

need and willingness to develop renewable energy projects. The fund managers would 

do well to find projects that are technologically and geographically compatible with each 

other in order to take full advantage of transportation of materials and labor. The 

development of several wind projects, for example, would be cheaper if done at the same 

time and in relative close proximity to each other. The large expense of transporting 

materials to coastal Alaska would be reduced on the individual project basis if several 

projects were developed at the same time.

Early attempts to deploy renewable energy technologies failed due to institutional 

incompatibility, poor coordination and oversight. This led to a significant 

disenchantment for developing further renewables. Both the wind-diesel project in 

Kotzebue and the geothermal project at Chena Hot Springs seem to have rekindled the 

political will to research, explore and develop these technologies in other communities. 

Although FY 2009 is predicted to have a budget deficit, the state would do well to not 

lose the traction it has created. Although there may be more ecological, economic, and 

social cost reductions (bang for the buck) in urban Alaska, along the railbelt, when 

developing renewable energy technologies, the sheer cost disparity between urban and 

rural Alaska continues to increase the vulnerability of rural communities.



One possible way to fund additional projects in rural Alaska would be to establish 

a bond-debt reimbursement program for PCE eligible utilities or communities to provide 

capital for renewable energy project development. This could be modeled after the 

current bond-debt reimbursement program for municipalities. If this lowers the economic 

cost per kW/hr, it will reduce the cost of the PCE program and free up revenue to pay the 

debt incurred to build the projects. This would not require significant capital outlays in 

the short-term. A program with a sunset date would encourage immediate investment, 

reduce state exposure to debt, and lessen the overall expenditure of the PCE. Most 

importantly it could remove rural Alaska communities’ dependence on the PCE and 

yearly appropriations, while putting the state on more secure footing when faced with 

future budget deficits.
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