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Abstract

Renewable resources for the generation of electricity (e.g., wind, solar, geothermal, etc.) are typically
most abundant and practical for development in rural areas. This creates an opportunity for rural
electric utilities that are at a geographical advantage for investing in these projects. This report is
intended to serve as a summary and guide to assist rural utilities that may be considering investing in a
renewable electricity generation project and for policymakers who may be considering how to
encourage such investments.

Rural utilities are motivated to provide power at least cost to their customers, and thus renewable
generation projects must be competitive on economic grounds. Ample, unexploited renewable
generation resources are available with some resource types more available in some regions than in
others. One of the challenges to expanding renewable generation in rural areas is that many of the areas
with rich resources do not have the transmission capacity needed to get the additional power to
demand centers.

Due to their typical incorporation as member-customer-owned not-for-profit entities, rural electric
utilities are focused on supplying electricity to their local customers in areas where demand growth
prospects are often limited. Other aspects of the business models of alternative types of rural utilities,
especially the tax system and electric power sector policies, have an impact on their ability to
successfully invest in renewable power generation enterprises. An important aspect of policy is related
to the ability of rural utilities to finance the development of renewable electricity generation projects.
Various loan and grant programs at the federal, state, and local levels are targeted specifically to
different types of rural utilities and in some cases specifically targeted to investments in renewable
generation capacity.

The answers to a number of questions detailed in this report regarding a rural utility’s opportunities for
investing in renewable electricity generation capacity can serve as a basis for prescreening these
investments. Beyond the prescreening phase, a full-blown engineering and economic analysis of any
investment that passes the prescreening tests will of course be required. While it may be tempting to
perform regional analyses to identify promising opportunities for investments, a survey of successful
projects indicates that often unique local factors provide an added advantage to the selected
technology.

In sum, there is clearly substantial latitude for expansion of renewable electricity generation in the
United States. The location and the extent of that expansion will depend on many factors including
shifting economic conditions, technological improvements, and government policies. As policymakers
consider the alternatives, they will need to take into account the broad impacts of investments in



renewable electricity generation, including impacts on the transmission system, the economy (local,
national, and international), and national security.
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Preface

This study identifies and discusses a wide array of renewable power opportunities available in rural
America. Other relevant topics bearing on the potential viability of renewable power projects, such as
transmission access for renewable electrical power, system regulation, transmission expansion paths for
renewable energy including modernization and a smart grid, future electricity demand, electric utility
business models, and developing/financing strategies of renewable energy, are addressed. In addition,
a large number of renewable electric power developments in rural America are highlighted. The
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whose interests are focused on renewable power, distributed generation, and rural economic
development.
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Executive Summary

Renewable resources for the generation of electricity (e.g., wind, solar, geothermal, etc.) are typically
most abundant and practical for development in rural areas. This creates an opportunity for rural
electric utilities, which are at a geographical advantage for investing in these projects. This report is a
summary and guide to assist rural utilities that may be considering investing in a renewable electricity
generation project and policymakers who may be considering how to encourage such investments. The
following points summarize the highlights of the issues addressed in this report.

e Rural utilities are motivated to provide power at least cost to their customers; renewable
generation projects must be economically competitive after including all government incentives
and tax impacts.

e Ample, unexploited renewable generation resources are available, with some resource types
more available in some regions than in others. The Great Plains states are particularly well
endowed with both wind and biomass resources, and the Southwestern and Western states are
generally well endowed with solar and geothermal resources. With the exception of biomass
potential in Maine, the Northeastern and Southeastern states have relatively less renewable
generation resources. All coastal states have potential for off-shore wind; however, significant
technical and acceptance barriers to developing these resources remain.

e One of the challenges to expanding renewable generation in rural areas is that many of the
areas with rich resources do not have the transmission capacity needed to get the additional
power to demand centers. This capacity limitation is exacerbated by the intermittent nature of
some renewable generation sources such as wind and solar power. While a number of plans are
currently under consideration for expanding the capacity of the transmission system, there are
several issues. Foremost among these is how to allocate the substantial cost of new
transmission capacity.

e Due to their typical incorporation as member-customer owned, not-for-profit entities, rural
electric utilities are focused on supplying electricity to their local customers. While there are
localized exceptions, the prospects for demand growth in these areas appear to be limited. The
reasons for this include increasing consolidation in the farming sector and the continuing
erosion of the manufacturing sector. Although there are exceptions driven by local economic
activities, areas that appear likely to see demand growth are either adjacent to urban areas or
offer recreational or retirement amenities.

e Other aspects of the business models of alternative types of rural utilities impact their ability to
successfully invest in renewable power generation enterprises. These are due to differences in
how they are treated by the tax system and by policies that are targeted to the electric power
sector. For example, a cooperative that primarily serves its member-owners may enjoy tax-
exempt status. This makes policies with incentives based on tax benefits relatively ineffective in
influencing the investment behavior of cooperatives. The benefits of these policies in some



cases can be recaptured through the creation of partnerships or wholly owned subsidiary
companies that have different business models.

e An important aspect of policy is related to the ability of rural utilities to finance the
development of renewable electricity generation projects. Various loan and grant programs at
the federal, state, and local levels are targeted specifically to different types of rural utilities
and, in some cases, specifically targeted to investments in renewable generation capacity. The
nature of these programs may restrict the types of investments that can benefit, and in
designing new policies, careful consideration must be given to the provisions of existing policies
that may offset the benefits of the new policy.

e The answers to a number of questions regarding a rural utility’s opportunities for investing in
renewable electricity generation capacity can serve as a basis for prescreening these
investments. Beyond the prescreening phase, a full-blown engineering and economic analysis of
any investment that passes the prescreening tests will of course be required. While it may be
tempting to perform regional analyses to identify promising opportunities for investments, a
survey of successful projects indicates that unique local factors often provide an added
advantage to the selected technology.

In sum, there is clearly substantial latitude for expansion of renewable electricity generation in the
United States. The location and the extent of that expansion will depend on many factors, including
shifting economic conditions, technological improvements, and government policies. As policymakers
consider the alternatives, they will need to take into account the broad impacts of investments in
renewable electricity generation, including impacts on the transmission system, the economy (local,
national, and international), and national security.



Introduction

This document is an information resource for rural electric utilities and policymakers interested in
expanding their communities' renewable energy generation capacity. Many renewable energy resources
are located near rural communities, making these communities well-positioned to generate and use
renewable electric power. This presents a unique opportunity for rural electricity providers to adopt
renewable energy technologies, as they face the challenges of rising energy costs and increasing
demand as well as state and federal renewable energy mandates. While many rural communities have
already adopted such technologies, adoption has varied widely at both state and regional levels. Power
from renewable resources continues to represent only a small fraction of most rural electricity
providers’ energy portfolios.

The economics of renewable energy systems depend on several factors. While resource availability is
essential, projected demand, the provider's business model, federal and state investment incentives,
and current and planned transmission infrastructure also play important roles.

This document is organized into six main sections that address the issues a utility should consider before
investing in renewable electricity generation. To illustrate the concepts under discussion, each section
includes relevant examples of existing renewable electricity generation projects. These examples are
highlighted in blue boxes located throughout the main body of the text.

The first section describes the regional availability of five renewable resources—wind, biomass, solar,
hydro, and geothermal. An overview of the processes used to convert each resource into electricity is
provided. The advantages and issues associated with each resource are also described. Following these
descriptions, examples of small- and large-scale renewable power applications for each resource are
provided. Lastly, the regional availability of the resource in question is analyzed, and currently installed
generation capacity is compared to projected capacity. This section closes with a cross-resource
summary of regional availability.

The second section describes transmission issues that affect renewable energy systems. An overview of
the electrical power system is provided, and the regulatory structure of that system is briefly discussed.
Transmission congestion, access, and reliability are then treated, as is the impact of renewable energy
on these issues. This section closes with a description of different approaches to transmission expansion
and modernization currently under consideration by policymakers, regulators, and utilities.

The third section details current and future electricity demand. After treating demand projections for
different regions of the United States, a summary of future regional demand is provided. Opportunities
for demand growth in rural areas are then treated, particularly those related to new renewable energy
projects.

The fourth section details the types of businesses that own and operate rural electricity generation
facilities. The business models treated in this section are investor-owned utilities, federally owned
utilities, municipal and other publicly owned utilities, and rural electric cooperatives. A brief description
is provided for each business model, including how each raises capital for new investments and



distributes earnings. Non-utility businesses are also mentioned, as a significant number of facilities
generating renewable power are not owned by electric utilities.

The fifth section describes alternative development paths and financing options for renewable energy
projects. The unique challenges facing renewable energy projects are described, as are the different
development paths that such projects can take, including common types of partnerships. The types of
renewable energy financing options are then described, including federal, state, and local funding as
well as private credit and other funding sources.

The sixth section provides a list of questions that should be considered as a rural utility considers
whether to invest in a renewable generation project. These questions are presented in roughly the order
they would be logically addressed during a prescreening process. Of course these questions do not
constitute a sufficient screening process, which generally requires a full-blown engineering and
economic analysis. However they may be useful in quickly sorting among projects that are clearly
unreasonable or potentially viable. Following this list of questions is a qualitative summary of the results
of a survey of rural utilities that have invested in renewable electricity generation projects. This
summary highlights the factors that appear to have contributed to the success of these projects.

As of this writing, many rural communities are not utilizing nearby renewable energy resources. This
document should assist any entities and individuals interested in taking advantage of those resources.



Renewable Resource Availability

This section describes the availability of renewable energy resources within the United States. The
resources addressed are wind, biomass, solar, hydro, and geothermal. Most regions of the United States
are endowed with renewable resources. Due to significant variations in climate and geography,
however, some regions are better suited to certain types of renewable energy than others. It is
important to keep this in mind when considering potential renewable power generation projects.

Each subsection focuses on a particular renewable resource and begins with a brief introduction to the
technology used for converting the energy source to electricity. The advantages and disadvantages of
that resource are described, as well as the types of applications for which it is well-suited. The regional
availability of the resource is summarized, and finally, currently installed generation capacity that uses
the resource is compared to projected capacity, indicating the potential for expansion.

Wind Power

Electricity from wind is generated by using turbines to convert the wind'’s kinetic energy into electrical
energy. Wind turbines typically have two or three airfoils, which spin due to the aerodynamic lift that is
created as wind passes over them. These airfoils are attached to a shaft that drives a generator, which in
turn creates electricity. Most turbines are mounted at least 30 meters (m) above the ground to take
advantage of wind resources that are faster and less turbulent than those closer to the ground. A picture
of a modern wind turbine can be seen in Figure 1.

Figure 1. Modern wind turbine. Source: NREL Photographic Information eXchange (PIX).

A typical modern wind turbine has three airfoils that are 70-80 m in diameter mounted atop a tower 60-
80 meters tall. Such a turbine can generate roughly 1.6 megawatts (MW) of electrical power. Although
turbines with larger airfoils, higher towers, and greater generation capacity may be developed in the
future, it is doubtful the airfoil diameter of land-based wind turbines will exceed 100 m, which
corresponds to a power output of 3-6 MW. This is because the transportation costs of such large
components present a significant economic barrier to widespread adoption.

Advantages
The use of wind power has numerous advantages. It does not degrade air or water quality, and it does
not produce any carbon dioxide (CO,) emissions. Unlike many other forms of power generation, it does



not require the extraction, transportation, storage, or combustion of fuels. Wind power also uses less
water than power generated from fossil fuels.

Another advantage of wind power is that it is modular. Utility-scale wind power applications are made
up of many modules—turbines—and consequently may be scaled up or down as needed. This means
that increases in demand over time may be met by simply adding more modules. The scalability of wind
power makes it suitable for powering a single farm, an entire community, or even larger applications.

Wind power presents several advantages specific to rural communities as well. Agricultural areas often
have open land that is particularly well-suited to wind power generation. In many cases, landowners can
significantly increase their income per acre by hosting a wind plant, and rural communities in resource-
rich areas can use wind power as a new source of tax revenue. Further, wind turbines have a small
physical footprint, so their installation does not exclude other land uses. Crops may be planted and
livestock grazed right up to the base of a turbine.

Another significant advantage of wind power is that it is a well-established and mature technology. This
sets it apart from some other renewable power technologies, which are in earlier stages of research and
development. The maturity of wind power makes wind one of the most cost-competitive renewable
power resources. Although estimates of wind power generation costs vary according to numerous
factors, including turbine efficiency and resource quality, costs of 4-6 cents per kilowatt-hour (kWh) are
often used as a guideline. (Note that this figure includes the federal production tax credit of 2.2¢/kWh
and does not include potentially high transmission costs.) Future developments could further lower
prices by as much as 50 percent.

Issues

Wind power is not without disadvantages. The installation of a wind plant is often met with siting and
environmental concerns. Property owners may be concerned that the obstruction of views caused by
turbines might lower property values. Some individuals and institutions also may be concerned with the
impact of turbines on birds and grassland species.

The variability and intermittency of wind power constitutes another disadvantage. Wind power depends
on the speed at which the wind blows. Although varying airfoil pitch can compensate somewhat for
variations in wind speed, wind power is unavailable when wind speed is either too low or too high,
making wind an uncertain source of electricity. The United States Department of Energy (DOE) states in
its 20% Wind Energy by 2030 report, however, that the cost impact of such variation and uncertainty
may be as low as 10 percent or less of the value of the wind energy generated.

Complementing wind power with other power technologies may be an effective way of addressing the
variability and intermittency of wind resources. Such solutions often combine wind turbines with a form
of energy storage, which can be used when wind resources are unavailable. An example is wind/hydro
combinations, in which wind turbines are used with pumped storage. More information on pumped
storage can be found in the Hydropower section of this report. Another strategy is to complement the
wind-generating units with one or more appropriately sized natural-gas-fired generators that can be
brought online as needed.



Applications

Wind power has both small- and utility-scale applications. Small-scale applications typically feature
turbines that produce 100 kW or less of power. Clusters of these turbines may be connected to the grid
for distributed generation. Alternatively, they may be used by homeowners, ranchers, and farmers to
lower electricity bills or to compensate for power fluctuations that can occur at the end of weak
transmission lines. The latter, smaller scale domestic applications typically feature turbines with a
capacity of 1-3 kW.

Applications for stand-alone turbines that produce 50 kW or less include pumping water for irrigation as
well as powering communications equipment and even homes. Such off-grid applications may allow
rural communities to forego expensive utility power line extensions to remote areas. In the future, there
may be more opportunities for connecting such small, distributed turbines to the grid.

Figure 2 shows one application for a small, grid-connected wind turbine. This 10 kW turbine provides
supplemental power for a farmer, and any excess power it generates is sent back to the grid.

Figure 2. Small, grid-connected wind turbine. Source: NREL PIX.

Utility-scale wind power applications can produce anywhere from less than 1 MW to hundreds of MWs
of power. These applications feature many turbines that have been grouped together to form a wind
plant, or “wind farm.” The wind turbines used in such a setting may generate as little as 50 kW, or as
much as 2 MW, per turbine.

Wolverine Power Supply Cooperative

Wolverine Power Supply Cooperative is a generation and transmission cooperative based in Cadillac, Michigan. It has six
member distribution cooperatives that serve more than 220,000 residences and businesses in rural portions of Michigan's
Lower Peninsula.

Wolverine solicited proposals for wind power in 2006 and, as a result, entered into a partnership with John Deere to
develop the Harvest Wind Farm. This facility came online in 2008, and Wolverine has agreed to purchase its entire
output for the first 20 years of its operation. It has a nameplate capacity of 52.8 MW and was the state's first utility-
scale wind power project. Wolverine is currently looking into further wind development near Rogers City.




Minnkota Power Cooperative

Minnkota Power Cooperative is a generation and transmission cooperative that provides electrical power to 11 member
cooperatives in eastern North Dakota and northwestern Minnesota. It also serves as an operating agent for the
Northern Municipal Power Agency (NMPA), which serves 12 municipal utilities.

Minnkota has entered into partnerships with NextEra Energy Resources and Otter Tail Power Company, through which it
purchases wind power from two different wind farms. The first wind farm, Langdon Wind Energy Center, is located
south of Langdon, ND. It generates 199.5 MW of power, features 133 turbines, and is jointly owned by NextEra Energy
Resources and Otter Tail Power Company. Minnkota has agreed to purchase 139.5 MW from NextEra for the first 25
years of the facility's operation. The second wind farm, Ashtabula Wind Energy Center, is located northeast of Valley City,
ND. It generates 366 MW of power, features 244 turbines, and is jointly owned by NextEra Energy Resources and Otter Tail
Power Company. Minnkota has agreed to purchase 217.5 MW from NextEra for the first 25 years of the facility's operation.

Minnkota Power Cooperative has invested in renewable energy largely to meet the renewable energy mandates
legislated by Minnesota and North Dakota. Minnesota's renewable portfolio standard requires a 25-percent renewable
power supply by 2025, and North Dakota's renewable energy goal requires a 10-percent renewable power supply by
2015. As of November 2010, Minnkota was estimating that over 30 percent of its 2010 energy would be from wind.

Minnkota also operates two 900 kW wind turbines, one located on a ridge six miles east of Valley City, ND, and one
located on a ridge three miles east of Petersburg, ND. Both came online in 2002. The power from the former is sold to
cooperative and NMPA customers through Minnkota's Infinity Wind Energy Program. The power from the latter is
likewise sold through the Infinity Wind Energy Program as well as to Grand Forks Air Force Base. Customers participating
in the Infinity Wind Energy Program pay an additional 30 cents per 100 kWh block of wind power.

Regional Availability

A map depicting wind resource availability within the United States can be seen in Figure 3. The Great
Plains and upper Midwestern United States are rich in wind resources, and this makes them particularly
suitable for utility-scale wind power applications. These areas are also well-suited for wind power
development due to their large open spaces. Wind resources are also quite good in coastal areas,
especially the east and west coasts and the Great Lakes. However, siting and environmental concerns
may be an issue in these areas. State-level wind resource maps are available from the Resources & Tools
section of the Wind Powering America website (http://www.windpoweringamerica.gov).

Wind resource maps should be used only to determine if further exploration into wind power
opportunities is worthwhile. Detailed, professional measurements should be taken before determining
that there is adequate wind resource for a planned wind turbine or wind plant. For more detailed
information on the deployment of new wind power facilities, visit the Federal Wind Siting Information
Center, available on the U.S. DOE Energy Efficiency and Renewable Energy (EERE) program’s website
(http://www.eere.energy.gov/windandhydro/federalwindsiting/).

A map depicting state activities that relate to wind power can be seen in Figure 4. Of the activities
depicted in Figure 4, anemometer loan programs and the establishment of wind working groups are of
particular interest to rural communities interested in investing in wind power.
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Activities as of February, 2010

U.S. Department of Energy
National Renewable Energy Laboratory
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Figure 4. State wind power activities, March 2010. Source: Wind Powering America.

Wind working groups bring together industry stakeholders, consumers, and government representatives
to promote the development of wind energy in a particular state. More details regarding state-level
wind activities, including wind working group contact information, can be found in the Program Areas
section of the Wind Powering America website.

Figure 5 shows the distribution by state of 36,698 wind capacity installed in the U.S. as of September
2010. The September 2010 map was the latest update available from the NREL Wind Powering America
website at the time of writing of this report.
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Figure 5. U.S. installed wind power capacity by state, 2010. Source: Wind Powering America.

As can be seen in Figure 5, the Great Plains states—which Figure 3 shows have the richest wind
resources—are not leading the nation in installed wind power capacity. The five states with the most
installed capacity are Texas, California, lowa, Minnesota, and Washington, none of which are in the
Great Plains®. This indicates that the Great Plains are significantly underutilizing their wind resources
relative to their potential.

Projections of regional wind power generation capacity for the electric power sector can be seen in
Figure 6. The regions in Figure 6 are adapted from the 2004 North American Electric Reliability Council
(NERC) regions and sub-regions, in compliance with the Annual Energy Outlook (AEO) published by the
Energy Information Administration (EIA). For a map of these regions, refer to Figure 51 in the section of
this report entitled Forecasts of Future Electricity Demand.

! Great Plains states with richest wind resources are Colorado, North Dakota, South Dakota, lowa, Kansas,
Minnesota, Montana, New Mexico, Oklahoma, Texas, and Wyoming.
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Regional Wind Power Generation Capacity, 2005-2030
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Figure 6. Projected regional wind power generation capacity, 2005-2030. Data: EIA (April 2008).

The projections of Figure 6 confirm that states in the Great Plains and the Midwest have a significant
amount of wind power generating capacity yet to be realized. Most other regions have unrealized
potential as well, although the growth possibilities in the Southeastern states are small. This is
consistent with the wind resource map, Figure 3.
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Basin Electric Power Cooperative

Basin Electric Power Cooperative is a generation and transmission cooperative based in Bismarck, ND. It serves 136
member cooperatives in Colorado, lowa, Minnesota, Montana, Nebraska, New Mexico, North Dakota, South Dakota,
and Wyoming. These cooperatives collectively provide electricity to roughly 2.8 million consumers over 540,000 square
miles. Basin Electric is both constructing renewable generation and purchasing renewable power.

The board of directors of Basin Electric decided in 2008 to create two for-profit subsidiaries to develop wind projects in
North Dakota and South Dakota— Prairie Winds ND 1, Inc., and Prairie Winds SD 1, Inc., respectively.

The Prairie Winds ND 1 subsidiary developed the Prairie Winds 1 project, a 115.5 MW wind farm south of Minot, ND. It
features 77 turbines, cost approximately $240 million, and came online in late 2009. This project provides power to
Basin Electric customers through an interconnection with the Western Area Power Administration's transmission
system.

Prairie Winds ND 1 also owns Minot Wind 2, a 4.5 MW wind farm also located south of Minot, ND. This facility features
three turbines, cost approximately $11 million, and came online in December 20009.

The Prairie Winds SD 1 subsidiary is currently in the planning and permitting stages for a 151.5 MW wind farm located
near Crow Lake, SD. This facility will feature 101 turbines and will cost approximately $350 million. It is expected to
come online in early 2011. Basin Electric is working with the USDA Rural Utility Service for the financing of SD 1.

Basin Electric Power Cooperative is developing renewable energy largely to ensure that it will be able to meet any future
renewable energy regulations, legislated either by the federal government or by any of the nine states in which it does
business. After examining demand growth and renewable energy policies, Basin Electric determined that investing in its
own renewable generation facilities was a least-cost option for satisfying any such regulations.

Basin Electric has also entered into six wind power purchasing agreements with NextEra Energy Resources. In the most
recent of these, Basin Electric agreed to purchase 100 MW of power from a new wind farm being constructed near
Baldwin, ND. NextEra will build, own, and operate the facility, which will feature 68 turbines and is expected to come
online by the end of 2010. When this project is finished, Basin Electric's renewable energy sources will have a nameplate
capacity in excess of 20 percent of its members' peak demand.

In 2005, Basin Electric’s membership passed a resolution setting a goal that 10 percent of the co-op members’ electricity
demand be provided from green or renewable forms of energy. “Basin Electric has been working hard to meet that
directive ever since, and today, the cooperative is emerging as a national leader in developing renewable energy in the
region,” said Ron Harper, chief executive officer and general manager. “By the end of 2010, Basin Electric is on track to
have green or renewable generation with an installed capacity equal to more than 20 percent of current member load.”
In 2010, Basin Electric received the DOE’s Wind Powering America achievement award for outstanding leadership with
wind power and significant contribution to the wind power industry.

Biopower

Biopower is the process of converting the energy stored in biomass into electrical energy. “Biomass”

refers to any organic matter derived from plants or animals. Many different types of biomass feedstocks

are suitable for biopower applications, including dedicated energy crops, various crop and wood wastes,

and crop, forest, and mill residues. Many biomass depositories such as landfills, manure management

systems, and wastewater treatment plants produce methane emissions that can also be used to

generate electricity.
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Biopower feedstocks vary greatly in energy content, conversion efficiency, and cost. Sources of biomass
also vary; municipalities, manufacturers, farmers and ranchers all produce potential biomass feedstocks
in differing quantities and with varying schedules. This means that the economic feasibility of a new
biopower installation depends significantly on the feedstock under consideration, its source and
availability, and the technology used to convert it into electrical power.

Advantages

A significant advantage of biopower is that, in many cases, biomass can be converted to electrical power
using processes similar to those used with fossil fuels. Pre-existing infrastructure can often be employed.
Biopower is also well-established; it is currently second only to hydropower for renewable electricity
generation.

Biopower has several other advantages as well. Biomass efficiently stores energy until it is needed, so
biomass resources do not suffer from the same intermittency and/or seasonality as do wind and solar
resources. Biopower technologies are also highly scalable. They can provide enough power for a single
farm, a rural community, or even a small city. Another significant advantage of biopower generation is
that it reduces the amount of methane gas released into the atmosphere by burning biomass before it
decomposes or by using the methane directly.

Issues

An important issue with biomass relates to its availability in terms of volume and timing. To achieve
high-capacity factors, the biomass feedstock for a biopower generator must be available in adequate
guantities over time. Biomass is in many cases less energy dense than fossil fuels, so transportation cost
can be a limiting factor in determining the volume of feedstock that can be economically supplied to the
biopower project. In addition, some biomass feedstocks originate from seasonal crops and thus are
available only part of the year, requiring storage to maintain year-round production. Some feedstocks
and generation technologies raise concerns about environmental impacts to air and water resources as
well as ash disposal associated with direct combustion. Some of the newer biopower technologies, such
as gasification, remain too costly for widespread adoption.

Applications

Electricity can be generated from biomass either directly, by combusting the biomass itself, or indirectly,
by combusting gasses emitted from decaying biomass. There are three main technologies for converting
biomass into electrical power by combusting the biomass itself: direct firing, co-firing, and gasification.

In direct-firing plants, the biomass is burned in a boiler, which produces steam that turns a turbine,
which drives a generator that produces electricity. Similar to fossil fuel power plants, most existing
biopower plants use direct firing. Direct-fired biopower plants typically operate with an efficiency of 20-
24 percent, while a typical coal-burning power plant has an efficiency of 33-35 percent. Technologies
exist that can provide direct fired biopower plants with efficiencies in excess of 40 percent, but they are
not cost effective for smaller plants. Agricultural, industrial, and forestry residues are commonly used
for direct firing.
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Co-firing plants simply replace some amount of the coal in their boilers with biomass. Co-firing is the
cheapest way to generate electric power from biomass in the short run, because it uses existing power
plants and requires very little modification to existing infrastructure. After they have been “tuned” to
accept biomass, co-firing plants can achieve efficiencies of 33-37 percent. So with investment in the
necessary equipment, there may be little to no energy loss when biomass is added to a conventional
boiler.

Gasification power plants heat biomass to an extremely high temperature, at which point it breaks down
into a flammable gas, which is then burned to generate electricity. Since the gas resulting from this
process can be cleaned before it is burned, a greater variety of feedstocks can be used in gasification
plants. Gasification plants may also use both heated gas and steam to turn their turbines, achieving
efficiencies as high as 60 percent. This type of process is referred to as “combined cycle” power
generation. Many biomass gasification technologies are still in the research and development stages.

Vermont Public Power Supply Authority

Vermont Public Power Supply Authority (VPPSA) is a private authority of the state of Vermont. It purchases and sells
wholesale power within Vermont, as well as wholesale and retail power outside of the state. It also issues tax-free debt
on behalf of Vermont municipal utilities and electric cooperatives.

Vermont Public Power Supply Authority owns a 19-percent stake in McNeil Station, a 50 MW biomass gasification
generator that uses wood chips as its primary feedstock. These chips come from whole-tree chipping operations and
sawmills. McNeil Station is operated by Burlington Electric Department (BED), the utility that also constructed it. VPPSA
has sold all of the McNeil project's output to eight municipal utilities in the villages of Enosburg Falls, Ludlow,
Lyndonville, Morrisville, Northfield, and Swanton Village, and the towns of Hardwick and Stowe. Each of these utilities is
a member of VPPSA and receives power under an identical contract.

The wood used by McNeil Station is delivered 75 percent by rail and the rest by truck. An existing rail facility is adjacent
to the facility. Under the wood procurement plan authorized by McNeil's joint owners, BED contracts with wood
suppliers for approximately 420,000 tons of biomass per year. Contracts are typically renewed at four- to six-month
intervals.

McNeil Station functions as an intermediate load unit, since it has relatively high costs. It has an overall availability of
approximately 91 percent, but it is only dispatched about 53 percent of the time. As the cost of oil and natural gas
increase, so does station operation.

The emissions from decaying biomass can also be used to generate electricity. Decaying biomass
produces methane, which can be used to drive a combustion turbine or an internal combustion engine
to generate electricity. Landfills are a common resource for this type of power generation. Wells are
drilled into a landfill to route the methane from decaying biomass to a central location, where it is then
burned.
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East Kentucky Power Cooperative

East Kentucky Power Cooperative (EKPC) is a generation and transmission cooperative based in Winchester, KY. Its 16
member distribution cooperatives serve about 518,000 residences and businesses across 87 counties. EKPC was the first
electric utility in Kentucky to bring landfill gas power online. It has received six awards totaling $20,985,551 for its
landfill gas development.

East Kentucky Power Cooperative owns and operates six landfill gas power plants. The first three of these plants came
online in fall 2003 and are located near Grayson, London, and Walton, KY. The fourth facility came online in 2006 and is
located near the Pearl Hollow landfill in Hardin County. The fifth facility came online in 2007 and is located in Pendleton
County. The sixth facility became operational in spring 2009 and is located at the Mason County/Maysville landfill.
Combined, these facilities generate roughly 16.8 MW of power.

EKPC has also partnered with the University of Kentucky's College of Agriculture and with farmers in northeastern
Kentucky to explore opportunities for using switchgrass in EKPC's power plants.

A closely related alternative to the use of landfill gas is a process referred to as anaerobic digestion. In
anaerobic digesters, waste from feedlots or sewage treatment facilities is fed to bacteria that
decompose it in an oxygen-free environment. This decomposition produces gases that can then be
combusted to produce electricity. A concrete anaerobic digester on a hog farm can be seen in Figure 7.

Figure 7. Concrete digester on a hog farm. Source: NREL PIX.

Despite the unique advantages of anaerobic digestion—its production of high-quality fertilizer as a
byproduct, odor control, and contribution to water-quality protection—it does not yet occur on a large
scale. Most waste energy is currently derived from municipal solid waste (MSW), manufacturing waste,
and landfill gas.
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Dairyland Power Cooperative

Dairyland Power Cooperative is a generation and transmission cooperative based in La Crosse, WI. It provides wholesale
power to 25 member cooperatives and 16 municipal utilities in lllinois, lowa, Minnesota, and Wisconsin. Dairyland
engages in numerous renewable energy and energy efficiency activities. Its goal is to get 10 percent of its total power
from renewable sources by 2015. Its projected 2011 renewable energy mix is 41 percent biomass, 22 percent landfill
gas, 5 percent anaerobic digesters, 22 percent wind, and 10 percent hydro.

Dairyland has gas purchase agreements with three dairy farms in its service territory, in which farmer-owned digesters
deliver biogas to Dairyland-owned generators located on the farms. The operation and maintenance of the combined
digester and generator plant is contracted to Microgy to keep the digesters from being a burden to the farmers. The first
of the three biogas-fired plants is located on Five Star Dairy Farm near Elk Mound, WI, and came online in June 2005.
The second is located on Wild Rose Dairy near La Forge, WI, and came online in August 2005. The third is located on
Norswiss Farms near Rice Lake, WI, and came online in 2006. Each of these facilities has a capacity between 775 kW and
840 kW. Dairyland also buys the output of several additional digesters, including one on Bach Farms near Dorchester,
WI. It plans to eventually get as much as 25 MW of power from anaerobic digesters.

Dairyland has invested in landfill gas generation as well. It owns the Veolia ES Seven Mile Creek landfill gas generation
facility at the Seven Mile Creek landfill near Eau Claire, WI. This facility first came online in 2004 and was subsequently
expanded in 2008. It now has a nameplate capacity of 2 MW. Dairyland also purchases the output of landfill generators
at Timberline Trail landfill, located in Bruce, WI, and Central Disposal Landfill, located in Lake Mills, IA. These generation
facilities are owned by Waste Management, Inc. The former facility has a capacity of 5.6 MW, and the latter has a
capacity of 4.8 MW. Both have been online since 2006.

Dairyland also has a voluntary green pricing program through which its customers can purchase 100 kWh blocks of
renewable energy at a premium of $1.50 per block. This energy is sourced from wind, hydro, and biomass. Revenue
from this program has enabled Dairyland to purchase the entire output of a new biomass power plant in Cassville, WI,
owned by a subsidiary of DTE Energy Services.
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Regional Availability

A map depicting biomass resource availability within the United States can be seen in Figure 8. For more
information on the methods with which these data were determined, refer to NREL/TP-560-39181, A
Geographic Perspective on the Current Biomass Resource Availability in the United States, by A. Milbrandt.

The same data as those depicted in Figure 8, normalized by county area, can be seen in Figure 9. This
gives a rough indication of the amount of biomass available per square kilometer in each county.

The same data as those depicted in Figure 8, normalized by county population, can be seen in Figure 10.
This gives a rough indication of the amount of biomass available per person in each county.

Buckeye Power, Inc.

Buckeye Power, Inc. (BPI) is a generation and transmission cooperative based in Columbus, OH. It has 24 member
distribution cooperatives in Ohio and one in Michigan. These co-ops collectively serve more than 380,000 residences and
businesses in 77 of Ohio's 88 counties. BPI has recently added power from two anaerobic digesters to its energy portfolio.

The first of these digesters, located at Bridgewater Dairy in Columbus, came online in August 2008. It was the first
anaerobic digester to generate electricity in the state. It features an underground digester designed by GHD, Inc., that
processes manure from roughly 3,900 cows. The nameplate capacity of this facility is 1.2 MW, and BPI purchases its entire
output, including the renewable energy credits. The USDA Rural Development program awarded Bridgewater Dairy a
$500,000 grant for the digester, under the 2002 Farm Bill's Renewable Energy Systems and Energy Efficiency Improvements
Program (Section 9006).

The second digester is located at Wenning Poultry in Mercer County, OH, and came online in October 2008. It also
features an underground digester designed by GHD, Inc. This digester processes the roughly 25 tons of waste produced
daily by about 750,000 hens. Its nameplate capacity is 1.8 MW, and BPI purchases the entire output, including the
renewable energy credits. It features three 600 kW generators and is designed to use 30 percent to 60 percent of the
waste heat it generates. The remaining waste heat can be used by the farm. As with the Bridgewater Dairy facility, the
USDA Rural Development program awarded Wenning Poultry a $500,000 grant for its digester. Notably, a nearby
3-phase circuit made it easy for Midwest Electric, a member of BPI, to connect the Wenning Poultry project to the grid.
Wenning Poultry expects seven vears to elapse before it sees a positive return on its investment.
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Table 1. Total installed biopower capacity by state, 2007
(MW). Data: EIA, Form EIA-860,"Annual Electric Generator

Report."

State

Landfill Gas /

MSW /

Biogenic®
(Waste)

Other

Biomass®
(Residues/Waste)

Wood and

Derived
Fuels®

Alabama
Alaska
Arizona
Arkansas
California
Colorado
Connecticut
Delaware
District of Columbia
Florida
Georgia
Hawaii

Idaho

1llinois

Indiana

lowa

Kansas
Kentucky
Louisiana
Maine
Maryland
Massachusetts
Michigan
Minnesota
Mississippi
Missouri
Montana
Nebraska
Nevada

New Hampshire
New Jersey
New Mexico
New York
North Carolina
North Dakota
Ohio
Oklahoma
Oregon
Pennsylvania
Rhode Island
South Carolina
South Dakota
Tennessee
Texas

Utah

Vermont
Virginia
Washington
West Virginia
Wisconsin

Wyoming

278

170

463
60
118
11
15
53
126
264

152
129

31
181

325
14

16
17
359
24
29

55
170

35

62

145
10

193

49

15
15

36

55

20

10

16

292

450

75

318
620

26
210
162
229

17
141
37
324
64
63
195
108

220

145
130

76
409

345

220

Total

3

238

643

6,432

2 Total capacity whose primary energy source is landfill gas or MSW.

b Agriculture byproducts/crops, sludge waste and other biomass solids, liquids and gases.

© Black liquor, and wood/woodwaste solids and liguids.

PV=Photovoltaic.

MSW=Municipal Solid Waste.
* =Less than 500 kilowatts.

Note: Dash indicates the state has no data to report for that energy source. Totals may

not equal sum of components due to independent rounding.

As shown in Figure 8 through Figure 10, the Great
Plains and upper Midwest are rich in biomass
resources, and this makes them particularly well-
suited for biopower applications. However, as can
be seen in Table 1, much of this potential is not
realized. The 10 states with the most installed
biopower capacity are California, Florida, Maine,
Virginia, Georgia, Pennsylvania, Washington,
Michigan, New York, and Minnesota. Only two of
these states are in the relatively biomass-rich Great

Plains and upper Midwest.

Biomass resource availability by state can be seen in
Table 2. These data indicate that the Great Plains
and upper Midwestern states are particularly rich in
crop residues, switchgrass on Conservation Reserve
Program (CRP) Lands, and methane from manure
management. A map depicting the availability of
crop residues can be seen in Figure 11. Maps
depicting potential switchgrass production on CRP
lands, and potential willow or hybrid poplar (trees
that can be grown as dedicated energy crops)
production on CRP lands, can be seen in Figure 12
and Figure 13, respectively. A map depicting the
availability of methane from manure management
can be seen in Figure 14.

Note that methane emissions from manure
management are not as concentrated in the Great
Plains and upper Midwest as are crop residues and
potential dedicated energy crop production. This
indicates that methane from manure may be a more
viable source of biopower for communities outside

of these regions.

A map depicting landfill gas projects and candidate
landfills for each state, provided by the Landfill
Methane Outreach Program (LMOP), can be seen in
Error! Reference source not found..
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Table 2. Biomass resource availability by state, 2005 (1000 tonnes). Data: NREL/TP-560-39181.
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Alabama 391 2,660 2,555 236 94 5,857 57 483 7 12,340
Alaska 0 0 738 11 0 231 2 65 1 1,049
Arizona 351 0 59 151 14 109 41 526 8 1,258
Arkansas 4,796 951 2,874 38 145 3,623 32 314 4 12,777
California 1,659 0 1,303 1,359 142 4,772 247 3,901 56 13,437
Colorado 1,550 0 70 273 28 181 41 451 7 2,601
Connecticut 0 1 78 66 0 75 24 376 6 625
Delaware 245 22 51 58 0.5 14 8 85 1 482
District of Columbia 0 0 0 0 0 0 0 56 1 57
Florida 3,263 460 1,778 457 19 1,901 130 1,678 26 9,711
Georgia 997 1,646 3,556 201 139 7,231 97 924 14 14,804
Hawaii 396 0 0 58 3 0 10 133 2 603
Idaho 1,788 0 873 7 31 4,400 20 129 2 7,250
Illinois 19,593 5,290 664 974 76 233 96 1,337 21 28,284
Indiana 8,976 1,609 863 526 77 574 71 715 10 13,421
lowa 23,590 10,249 359 137 142 130 29 320 5 34,961
Kansas 7,614 6,274 134 139 22 29 19 332 4 14,568
Kentucky 1,722 1,822 2,055 250 34 1,433 52 454 7 7,830
Louisiana 4,335 1,072 3,384 166 6 3,577 33 474 7 13,054
Maine 0 0 2,890 27 0.2 421 15 133 2 3,489
Maryland 584 271 263 204 6 138 33 624 9 2,131
Massachusetts 0 0 89 206 0.1 113 52 687 10 1,157
Michigan 3,586 1,451 1,275 446 30 1,314 86 1,196 16 9,399
Minnesota 14,231 7,851 2,242 148 71 985 59 496 8 26,090
Mississippi 2,191 4,883 3,825 93 72 4,548 33 307 5 15,956
Missouri 6,007 8,473 1,840 273 120 1,036 69 613 9 18,439
Montana 1,560 0 704 21 4 1,937 13 106 1 4,347
Nebraska 10,931 3,344 72 48 102 57 13 189 3 14,759
Nevada 4 0 5 76 0.4 0 17 232 3 338
New Hampshire 0 0 986 40 0 925 18 126 2 2,097
New Jersey 91 11 29 497 0.3 17 58 894 14 1,612
New Mexico 168 0 71 31 60 165 9 191 3 697
New York 507 264 1,111 885 10 1,063 119 2,041 31 6,031
North Carolina 1,494 577 2,995 427 370 3,900 115 833 13 10,726
North Dakota 6,602 10,476 27 5 4 0.4 7 67 1 17,190
Ohio 5,001 1,587 796 647 41 786 124 1,272 19 10,272
Oklahoma 1,641 407 655 153 47 633 23 377 6 3,943
Oregon 567 0 1,041 125 17 6,454 86 382 6 8,676
Pennsylvania 810 672 1,679 642 23 1,358 127 1,238 20 6,569
Rhode Island 0 0 8 28 0 21 6 109 2 174
South Carolina 331 1,061 1,733 181 30 2,468 38 467 7 6,315
South Dakota 5,140 4,807 125 10 36 142 7 75 1 10,342
Tennessee 1,501 1,375 1,319 274 20 1,557 75 614 9 6,745
Texas 6,089 569 2,060 845 58 2,085 148 2,307 34 14,195
Utah 88 0 30 76 10 102 18 228 4 557
Vermont 0 4 496 21 3 103 9 65 1 701
Virginia 502 297 2,403 275 23 2,147 62 813 12 6,535
Washington 1,746 0 1,034 240 39 5,597 85 675 10 9,426
West Virginia 32 9 1,347 47 1 807 15 184 3 2,445
Wisconsin 4,419 3,126 2,011 273 19 1,621 69 548 9 12,096
Wyoming 106 0 58 8 2 255 4 59 1 492
U.S.Total 157,194 83,572 56,612 12,380 2,189 77,125 2,615 30,902 465 423,054
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More detailed information on biomass resources can be found in NREL Report No. TP-560-39181,
Geographic Perspective on the Current Biomass Resource Availability in the United States. Further
information is also available from state and regional biomass contacts, whose contact information can
be found in the State & Regional Resources section of the EERE Biomass Program website
(http://www.eere.energy.gov/biomass/).

Projections of regional biomass generation capacity can be seen in Figure 16. These data do not include
Municipal Solid Waste (MSW).

Figure 16 shows that current projections have the Eastern United States dominating future biopower
generation capacity. The Mid-Atlantic Area Council is projected to expand its biopower capacity by 21.4
percent over the period shown, while there is little growth in the remaining regions. This indicates that,
unless incentives are re-structured and/or transmission infrastructure is expanded, much of the
potential biomass power generation capacity in the Great Plains, upper Midwest, and rural communities
with methane emissions from manure will not be realized.
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Regional Biomass Power Generation Capacity, 2005-2030
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Figure 16. Projected regional biomass power generation capacity, 2005-2030. Data: EIA (April 2008).

Solar Power

Solar power is generated by turning energy in the sun’s light into electrical energy. Many technologies
take advantage of solar energy, including Photovoltaic (PV) power systems and Concentrating Solar
Power (CSP) systems, as well as passive solar heating, solar hot water, and solar process heating and
cooling. The two main technologies used for solar electric power generation are PV and CSP.
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PV arrays use semiconductor devices called solar cells to convert sunlight to electricity. These solar cells
are typically grouped into modules that hold about 40 cells, and about 10 of these modules are then
combined to form the PV array, which is usually several meters to a side. PV arrays can be mounted at a
fixed angle facing south, or on a tracking device that follows the motion of the sun across the sky. A
household can be powered using 10-20 PV arrays, while utility-scale PV power generation requires
hundreds of connected arrays. Most areas in the United States have enough sunlight for cost effective,
small-scale, non-grid connected PV, but not all areas have sufficient sunlight for utility-scale PV power
generation. A modern PV array can be seen in Figure 17.

Figure 17. Modern photovoltaic (PV) array. Source: NREL PIX.

CSP systems focus the sun’s light to produce high-temperature thermal energy, which is then converted
into electricity. There are three main types of CSP systems: parabolic trough, dish-engine, and power
tower.

In a parabolic trough system, long, U-shaped mirrors concentrate the sun’s light onto a pipe that runs
parallel to the bottom of the U. Qil flowing through this pipe is heated to extremely high temperatures
and then is used to produce steam, which turns a turbine that drives a generator. The largest single-
trough system in existence currently produces 80 MW of electricity, but future troughs may produce as
much as 250 MW. Multiple troughs are often combined in a single facility.

In a dish-engine system, a dish is used to concentrate the sun’s light. This concentrated light produces
heat, which is transferred to a liquid that expands against a piston or turbine to produce mechanical
power. This mechanical power can then be used to drive a generator or to perform other tasks. Dish-
engine systems produce less power than other types of CSP systems, typically generating 3 to 25 kW of
electricity.

In a power tower system, a large field of mirrors concentrates the sun’s light at the top of a tower. This
concentrated light heats molten salt that flows through a receiver at the top of the tower, and the
molten salt is then used to produce steam. This steam turns a turbine that drives a generator, producing
electricity. Power tower systems can produce up to 200 MW of electricity.
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Advantages

There are several advantages to the use of solar power. It does not degrade air or water quality and
does not produce any CO, emissions. Unlike many other forms of power generation, it does not require
the extraction, transportation, storage, or combustion of fuels. Some solar power systems have no
moving parts, reducing maintenance costs. Also, while CSP technologies are still in relatively early stages
of development, PV is a well-established technology.

A significant advantage of CSP technologies is that these systems are readily scalable. They can be sized
to generate several kilowatts of power for a single community or hundreds of megawatts for a grid-
connected application. A further advantage specific to power tower systems is that molten salt retains
heat well, so it can be stored for days before being used to produce electricity. This can help to mitigate
the variable availability of solar resources by allowing the power tower system to provide power on
cloudy days or even after the sun has set.

Issues

High capital cost is a major, though not insurmountable, issue for solar power. Another significant issue
is that resource availability depends on the time of day and the weather. This leads to daily and seasonal
fluctuations in solar power generation. Technologies that track the movement of the sun and efficiently
store energy, such as power tower systems, can help to mitigate this variability. Furthermore, solar
resource availability is often positively correlated with demand; more sunlight is available during the
summer months, when peak electricity demand is often highest, which also helps mitigate the issue of
intermittency.

One issue with PV technologies is that their efficiency is low compared to those of traditional fossil fuel
or nuclear power plants. Commercial PV cells typically exhibit efficiencies of roughly 15 percent. Also,
very large surface areas are required for utility-scale PV power generation. Although the Great Plains
and upper Midwest feature many large open spaces that could be repurposed for PV power generation,
this would preclude any other use of that land. (This is in contrast to wind power, which minimally
disrupts other land uses.) Utility-scale PV power generation therefore may be more feasible in the
relatively arid Southwest. This aridness, however, can pose a challenge to solar power technologies that
require water to produce steam and for cooling.

Applications

There are many small, stand-alone applications for solar power, most of which use PV technologies,
though some may rely on small dish-engine systems. Businesses can use PV for heating and cooling,
various industrial processes, and water heating. Homes can use PV for heating and cooling as well as
water heating, and may even produce enough electricity with PV to operate off of the grid. Businesses
and homes may be able to use PV to reduce electricity bills by selling excess electricity back to utilities.
Such grid-connected solar systems have become a larger market than off-grid applications. Technologies
are also being developed that will allow PV cells to be built directly into roofs, windows, and other
structural elements of a building.
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An example of a small, stand-alone application of solar power can be seen in Figure 18, which shows a
horse corral powered by PV arrays on its roof.

Figure 18. Solar-powered horse corral. Source: NREL PIX.

Communities and individuals can find many applications for small-scale PV in addition to those
associated with buildings. PV can be used to power water pumps and communication equipment in
remote areas. It is also well-suited for small electronics applications in which using PV is cheaper and
cleaner than extending existing power lines. For example, a solar-powered water pumping station can
be seen in Figure 19.

Figure 19. Solar-powered water pumping station. Source: NREL PIX.

Though very few utility-scale PV power generation facilities have been installed as of this writing, PV
does have utility-scale potential. To supply bulk power for the grid, PV arrays would have to be installed
in large fields for power output of a few MW or more.
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Tri-State Generation and Transmission Association
Tri-State Generation and Transmission Association is a generation and transmission cooperative based in Westminster,
CO. It has 44 member cooperatives in Colorado, Nebraska, New Mexico, and Wyoming, covering a 250,000-square-mile
service territory. It is a leading investor in utility-scale solar power.

Tri-State recently entered into a partnership with First Solar, Inc. to develop the Cimarron | Solar Project in northeastern
New Mexico. The project includes a solar power plant that uses 500,000 2-foot by 4-foot photovoltaic panels to
generate 30 MW of power. It will be one of the largest PV power plants worldwide and is expected to come online in
December 2010.

First Solar is a private company based in Tempe, AZ. It will be in charge of engineering, procurement, and construction
(EPC) and responsible for maintaining the Cimarron | facility. Tri-State has agreed to purchase the output of Cimarron |
for the first 25 years of its operation.

Unlike PV systems, CSP systems were designed specifically for utility-scale applications. Over the last 15
years, several prototype CSP systems have been tested around the world. Nine parabolic trough plants
with total capacity of 354 MW have been operating in California since the 1980s. Arizona, Colorado,
Nevada, and Spain all have experimental dish-engine systems in operation. The U.S. government
currently sponsors Solar Two, a prototype 10 MW power tower plant with three hours of energy
storage. A picture of Solar Two can be seen in Figure 20.

—_ = = | ‘i. ==
Figure 20. Solar Two power tower concentrating solar power Figure 21. Parabolic trough solar power facility.
facility. Source: NREL PIX. Source: NREL PIX.

The world's largest solar power facility can be seen in Figure 21. This parabolic trough CSP facility is
located near Kramer Junction, CA, and consists of five Solar Electric Generating Stations (SEGS) that have
a combined generation capacity of 150 MW. The parabolic troughs have more than 1 million square
meters of surface area, and the facility itself covers more than 1,000 acres.
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Arizona Electric Power Cooperative

Arizona Electric Power Cooperative (AEPCO) is a generation and transmission cooperative based in Benson, Arizona. It
has joined the Southwest Energy Service Provider's Consortium for Solar Development, a group of southwestern energy
providers that plan to build a 250 MW Concentrating Solar Power (CSP) power plant, either in Arizona or Nevada. The
plant will be owned by a third party, and each member will enter into a long-term power purchase agreement with that
entity.

AEPCO has encouraged its customers to invest in distributed solar generation. As a part of its SunWatts program, many
photovoltaic arrays have been installed throughout its service territory.

Regional Availability

A map depicting solar resource availability within the United States for non-tracking PV applications can
be seen in Figure 22. This map displays total solar resource availability averaged over one year, on a grid
whose cells are approximately 40 km by 40 km in size. The values displayed represent the resource
available to a photovoltaic panel oriented due south, at an angle from horizontal equal to the latitude of
the panel’s location.

A map depicting solar resource availability within the United States for tracking PV or CSP applications
can be seen in Figure 23. This map also displays total solar resource availability averaged over one year,
on a grid whose cells are approximately 40 km by 40 km in size. The values displayed in Figure 23,
however, represent the resource available to PV panels or concentrating systems that track the
movement of the sun across the sky.

Figure 22 and Figure 23 show that the best solar resources are located in the Southwestern United
States. More detailed maps of Southwestern solar resources can be seen in Figure 24 and Figure 25.
These maps identify areas most economically suitable for deploying large-scale CSP power plants by
filtering data similar to that of Figure 23 by solar resource availability and land availability.
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Figure 24 excludes land with a slope that exceeds 1 percent. Figure 25 excludes land with a slope that
exceeds 3 percent. This is because CSP facilities must be built on flat ground. Note that increasing the
maximum allowable slope to 3 percent significantly increases the total surface area that is economically
suitable for deploying large-scale CSP power plants.

‘Pacific
Ocean

- 230kV - 344kV T Guir o
— — Below 230kV 2007 Californ

remaining areas less than 1sq.km were excluded 1o
The direct I sol imates shown are

derived from 10 km SUNY data, with modifications by NREL

Figure 24. Southwestern U.S. concentrating solar power resource availability, excluding land with slopes >1%, 2007.
Source: NREL.

38



D%

< Concentratlng Solar Power Prospects of the Southwest United States 3 j

Pacific
Ocean

Direct Normal Solar Radiation
kWh/ms/day
Em380-82
I 7.5-80
Em70-75
I 6.5-7.0
6.0-65
Transmission Lines*
===T735kV - 999kV
= 500kV - 734kV
—— 345KV - 499kV e . L
230KV - 344ky S rMREL ; Guit of
- —Below230kv July 2007 Y Caiitaonte
iall lands, major urban
ams, wamtntum areas with slope > 3%, and
remaining areas less than 1 sq.km were excluded to
identify those areas with the greatest potential for
development.
*Source: POWERmap, powermap platts.com - 4
©2007 Platts, A Division of The McGraw-Hill Companies

The direct normal solar resource estimates shown are
derived from 10 km SUNY data, with modifications by NREL.

Figure 25. Southwestern U.S. concentrating solar power resource availability, excluding land with slopes >3%, 2007.
Source: NREL.

State-level CSP solar resource maps similar to those in Figure
Table 3. Total installed solar power capacity 24 and Figure 25 are available for Arizona, California, Colorado,
by state, 2007 (MW). Data: EIA, Form EIA- .
860,"Annual Electric Generator Report.” New Mexico, Nevada, Texas, and Utah, from the Data &
Resources section of the NREL Concentrating Solar Power

State Capacity

Arizona 9 Research website (http://www.nrel.gov/csp/).

California 403

ﬁgg:go 72 Currently installed solar power capacity by state can be seen in
Total 498 Table 3; only states that had data to report are shown. Table 3
Note: Totals may not equal sum of indicates that much of the potential solar power generation

components due to independent rounding.

Data for 2007 is preliminary. capacity in the Southwest has not been realized.

Projections of regional PV solar power generation capacity for the electric power sector can be seen in
Figure 26.
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Regional Photovoltaic Power Generation Capacity, 2005-2030
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CA - Western Electric Coordinating Council/California

RA - Western Electric Coordinating Council/Rocky Mountain Power area and Arizona-New Mexico-Southern Nevada Power Area
NWP - Western Electric Coordinating Council/Northwest Power Pool

SPP - Southwest Power Pool

ERCOT - Electric Reliability Council of Texas

Figure 26. Projected regional PV solar power generation capacity, 2005-2030. Data: EIA (April 2008).

Projections of regional CSP solar power generation capacity for the electric power sector can be seen in
Figure 27.
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Regional Concentrating Solar Power Generation

Capacity, 2005-2030
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Figure 27. Projected regional concentrating solar power generation capacity, 2005-2030. Data: EIA (April 2008).

Figure 26 and Figure 27 show that the Southwest is projected to dominate the solar power sector. This is
consistent with the solar resource maps in Figure 22, Figure 23, Figure 24, and Figure 25. However, the
total projected capacities for both PV and CSP are relatively small.

Hydropower

Hydropower converts the kinetic energy stored in water by the hydrologic cycle into electricity, by
routing water through turbines as it flows downstream. The turbines turn generators, which produce
electricity. There are three main types of hydropower systems: impoundment, diversion, and pumped
storage.

Impoundment plants, which store water in a reservoir, are the most common type of hydropower plant.
Water is released from the plant’s reservoir and flows through a turbine, which turns a generator to
produce electricity. The rate at which water is released can be adjusted to meet demand or to maintain
a consistent reservoir level.
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While many hydropower plants use impoundment, hydropower can also be generated by diverting a
portion of a river through a canal or penstock. The diverted water flows through a turbine, which turns a
generator to produce electricity. These systems are called diversion systems. Diversion systems
sometimes require a dam; however, a diversion dam is often smaller and less disruptive than an
impoundment dam.

Pumped storage systems combine another power generation technology, often wind power, with
hydropower. During periods of low electrical demand, a pumped storage facility stores energy by
pumping water from a lower reservoir to a higher one. Then, during periods of high electrical demand,
the water is released back to the lower reservoir, through a turbine that is used to generate electricity.

Although 192 large hydroelectric plants provide most of the hydroelectric power generated in the
United States, 92 percent of domestic hydro-electric plants are small or very small, with an average
generating capacity of less than 20 MW.

Advantages

Hydropower has several advantages. It does not degrade air or water quality and does not produce any
CO, emissions. Water, the fuel for hydropower, is not depleted or used up in the process of generating
electricity. Given sufficient available water, hydropower can be dispatched as needed, since the rate at
which water flows through a plant’s turbines can be regulated to meet varying demand.

Like wind power, the most significant advantage of hydropower is that it is a well-established and
mature technology. It already accounts for roughly 75 percent of the electricity generated from
renewable resources in the United States. In contrast to wind power, however, there is not much

unrealized hydropower capacity for large hydro N A

systems.

Northern Wasco County People's Utility

District
Northern Wasco County People's Utility District
installation of a hydropower plant is often met (NWCPUD) is a member-owned, not-for-profit utility

with siting and environmental concerns. Property | based in The Dalles, Oregon. NWCPUD owns and
operates two hydropower facilities.

Issues
Hydropower is not without disadvantages. The

owners may be concerned that its installation

could lower property values. Hydropower might The first facility is located at The Dalles Dam. It uses the
damage or destroy riverside habitats; it may attraction water for the dam's north fish ladder to

create low dissolved oxygen levels in the water, generate 5 MW of power and first came online in 1991.

. . To prevent fish from entering the hydroelectric turbine,
and impoundments can prevent fish from ,

. . ) . ) the water that enters the dam's forebay passes through
migrating upstream. Riverside habitats can be a screen.

somewhat protected by maintaining minimum
water flows downstream, however, and low The second facility is located at the McNary Dam. It |
similarly uses the attraction water for the dam's fish
ladder, and generates 10 MW of power that NWCPUD

aeration techniques. The disruption of fish splits equally with its partner, Klickitat County PUD. This
migration can be offset by using fish ladders or by facility came online in 1997 and is used by NWCPUD for

trucking fish upstream. baseload power.

dissolved oxygen levels can be mitigated by
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Most of the negative impacts of hydropower are

significantly reduced when using diversion rather
Lower Valley Energy

than impoundment, but turbines in diversion ) i
Lower Valley Energy (LVE) is a generation and

plants nevertheless can Kkill fish. This can be transmission cooperative based in Afton, WY. It recently

mitigated by using racks or screens, or even entered into a unique partnership with the town of
underwater lights and sounds, to prevent fish Jackson, WY, through which it provides Jackson with
power from its Strawberry Hydroelectric Project. This
project features a hydroelectric power plant certified by

from entering turbines. Maintaining a minimum

spill flow past turbines can also help prevent fish the Low Impact Hydropower Institute in Portland,

deaths. Maine. The plant annually generates between 9 million
and 10 million kWh, and the town of Jackson uses 8.5
Applications million to 9 million kWh per year. Thus Jackson can
The U.S. Department of Energy (DOE) divides source all of its power from the Strawberry

hydropower applications into three power | HydroelectricProject.

classes: large hydropower, small hydropower, and LVE also is working to restore a hydro project in its

microhydro. Large hydropower facilities have a home town of Afton that was abandoned about 40
generation capacity greater than 30 MW and years ago. “

typlcaIIY use impoundment. The DOE .has LVE was awarded a $9.46 million Clean Renewable
determined that there are no more feasible, | gnergy Bond (CREB) for developing the Strawberry

unrealized large hydro opportunities in the United Hydroelectric Project. In 2007, it received a $5.73
States. Small hydropower facilities have a | Mmillion CREB forits hydro project in Afton.

generation capacity between 100 kW and 30 MW

and can produce enough electricity for a small town. They typically use penstocks rather than dams but
can still use pre-existing technologies in many cases. In contrast to large hydro, the DOE has identified
many feasible, unrealized small hydro opportunities in the United States. Microhydro facilities have a
generation capacity less than 100 kW and can produce enough electricity for a home, small business,
farm, or ranch. The DOE has identified many resources suitable for microhydro applications, but many
would require technology that has not yet been developed.

Regional Availability
The DOE recently conducted a detailed assessment of potential hydropower opportunities in the United
States. A brief summary of the results can be seen in Table 4.

Table 4. U.S. hydropower potential, 2006. Data: DOE/DOE-ID-11263.

Federally GAP
Annual Mean Power (MWa) Total Developed Excluded Excluded Available Feasible Potential
TOTAL POWER 297,436 24,084 84,682 13,163 175,507 98,700 29,438
TOTAL HIGH POWER 237,193 23,786 73,591 10,097 129,719 75,853 18,450
Large Hydro 77,187 19,380 17,600 2,307 37,900 21,691 0
Small Hydro 160,006 4,406 55,991 7,790 91,819 54,161 18,450
TOTAL LOW POWER 60,243 298 11,091 3,066 45,738 22,848 10,988
Conventional Turbine 45,208 241 9,517 2,426 33,024 17,729 6,297
Unconventional Systems 3,986 37 520 187 3,243 2,355 1,640
Microhydro 11,049 20 1,054 453 9,522 2,763 3,052

Gap Analysis Program (GAP) is a method to identify sites which are part of a habitat for an endangered species
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These estimates of hydropower potential are expressed as annual mean power. This designates the
average number of megawatt-hours available from the resource in question over the course of a year
and is measured in average megawatts (MWa). This is not the same as hydropower capacity. These
numbers are most useful for making comparisons between power classes and between regions to
determine which ones are best suited for future hydro development. Actual hydropower capacity varies
significantly between sites and depends on the specifics of the planned facility. In the United States, the
average ratio of annual mean power to hydropower capacity is roughly one-half.

The first column in Table 4 indicates the power class, while the second column indicates the total
hydropower potential for that class. The third column indicates the number of average megawatts that
correspond to already existing hydropower facilities. The fourth and fifth columns indicate the number
of MWa excluded due to resources being located in areas either excluded by the federal government or
deemed physically inaccessible by the practitioners of the DOE hydropower assessment, respectively.
Subtracting the values in columns 3, 4, and 5 from those in column 2 provides the values in column 6,
which are the numbers of MWa available for future development. Of the available MWa, those that
could feasibly be realized are shown in column 7. Column 8, the rightmost column, contains the annual
mean power that may potentially be developed; these final values exclude those feasible MWa shown in
column 7 that correspond to resources that the practitioners of the DOE assessment deemed ineligible
for development.

Of most interest for the purposes of this document are the values in column 8 of Table 4—the annual
mean power that may potentially be developed for each power class. The number of feasible small and
low power hydropower projects in the United States can be seen in Figure 28 (there are no feasible high
power projects, since the potential annual mean power of this power class is zero), while the amount of
annual mean power each of these power classes may contribute can be seen in Figure 29. Note that the
data in Figure 29 are taken from column 8 of Table 4.

Number of Feasible Projects Feasible Project Hydropower

Potential (MWa)
5,420 22,485 B Small Hydro

3,052 B Small Hydro

1,640

6,032 B Conventional

Turbine B Conventional Turbine

Unconventional

Systems Unconventional

Systems

B Microhydro 18,450

B Microhydro

Figure 28. Number of feasible hydropower projects, 2006. Figure 29. Feasible hydropower project potential annual
Data: DOE/DOE-ID-11263. mean power, 2006. Data: DOE/DOE-ID-11263.

Figure 28 and Figure 29 show that while small hydro accounts for only a small number of feasible
hydropower projects, it accounts for more than half of the power generation potential. Furthermore,
the 5,420 feasible small hydro projects represent realistic development possibilities, while the low
power projects mostly depend on unproven or yet-to-be developed technologies. While relatively small
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in number, the feasible small hydro projects represent nearly 20,000 MWa of unrealized hydropower
potential. If developed, they could increase annual U.S. hydropower generation by more than 50
percent.

A map of existing hydroelectric plants and feasible potential hydropower projects in the United States
can be seen in Figure 30. Existing hydroelectric plants are denoted by yellow dots, while all other dots
correspond to feasible potential projects.
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Figure 30 shows that many resources are suitable for small hydro applications in the Eastern and
Northwestern states as well as in the Midwest. The total gross power potential of hydro resources in the
50 states, divided into feasible, other available, excluded, and developed power categories can be seen
in Figure 31. Excluding Alaska, the five states with the largest gross hydropower potential are California,
Idaho, Montana, Oregon, and Washington. Alaska has far more gross hydropower potential than any
other state, at nearly 90,000 MWa, but only a small fraction of this amount is feasible for development.

The same data as those depicted in Figure 31, normalized by state population, can be seen in Figure 32.
This gives a rough indicator of the amount of gross potential hydropower that is available per person in
each state or, in other words, the gross potential hydropower density of each state. Washington,
Oregon, Idaho, Hawaii and California have the top five largest gross potential hydropower densities.
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Figure 31. Total gross hydropower resource potential by state, 2006. Source: DOE/DOE-ID-11263.
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Figure 32. Total gross hydropower resource potential by state, normalized by population, 2006. Source: DOE/DOE-ID-11263.
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Table 5. Potential hydropower increase by state, 2006. Data: DOE/DOE-ID-11263.

Developed | Feasible Developed | Feasible
Hydro- Potential Potential Hydro- Potential Potential
State power Hydropower | Hydropower power Hydropower | Hydropower
Name (MWa) (MWa) Increase State Name | (MWa) (MWa) Increase
Alabama 1113 462 41% Montana 1192 1,669 140%
Alaska 171 2,694 2103% Nebraska 152 354 233%
Arizona 928 150 16% Nevada 263 95 36%
Arkansas 405 590 146% New 187 174 93%
Hampshire
California 4699 3,425 73% New Jersey 6 63 1057%
Colorado 246 891 362% New Mexico 30 156 519%
Connecticut 55 105 191% New York 2861 757 26%
Delaware 0 6 oo North 610 348 57%
Carolina
Florida 32 79 245% North 270 40 15%
Dakota
Georgia 429 230 54% Ohio 63 319 506%
Hawaii 20 280 1400% Oklahoma 239 345 144%
Idaho 1288 2,122 165% Oregon 3271 2,072 63%
Illinois 27 568 2103% Pennsylvania 284 953 336%
Indiana 67 305 455% Rhode Island 4 7 163%
lowa 95 329 347% South 428 211 49%
Carolina
Kansas 1 295 29451% South 622 119 19%
Dakota
Kentucky 383 518 135% Tennessee 1082 655 61%
Louisiana 89 306 343% Texas 189 328 174%
Maine 432 432 100% Utah 135 401 297%
Maryland 203 91 45% Vermont 128 217 170%
Massachusetts 126 136 108% Virginia 147 418 284%
Michigan 209 133 64% Washington 11470 3,106 27%
Minnesota 128 140 109% West 140 484 346%
Virginia
Mississippi 0 298 oo Wisconsin 264 259 98%
Missouri 129 798 618% Wyoming 117 507 433%

MWa — average megawatts

A comparison of the hydropower potential of feasible projects with the total annual mean power of

installed hydroelectric plants in each of the 50 states is displayed in

49




Table 5. These data are a good indicator of how much unrealized hydropower potential each state has.

The EIA does not currently report numbers for unconventional hydropower generation, which includes
small and low power hydro, so hydropower generation capacity projections will not be included in this
publication.

For more detailed information, the DOE assessment of potential hydropower opportunities in the
United States can be found in the Resource Assessment section of the Idaho National Laboratories
website (http://hydropower.id.doe.gov/). The national assessment is titled Feasibility Assessment of the
Water Energy Resources of the United States for New Low Power and Small Hydro Classes of
Hydroelectric Plants. Individual state resource assessment reports are also available for 49 states. (Due
to scarce resources, no report was generated for Delaware.)

PNGC Power

PNGC Power is a generation and transmission cooperative based in Portland, OR. It serves 16 member distribution
cooperatives in Idaho, Montana, Nevada, Oregon, Utah, Washington, and Wyoming. PNGC is participating in efforts to
commercialize wave energy by contributing to wave energy efforts in Reedsport, OR. Research conducted by Oregon
State University and the Electric Power Research Institute indicates that this location has particularly rich wave energy
resources.

In 2007, PNGC entered into a partnership with Ocean Power Technologies (OPT). PNGC agreed to commit $500,000 to
the Reedsport OPT Wave Energy Park and to offer expertise in grid requirements and onshore power. This project will
come online in 2010, featuring a nameplate capacity of 2 MW with possible expansion eventually to as much as 50 MW.

Geothermal Power

Geothermal power is generated by converting the thermal energy from the Earth’s core into electrical
energy. This thermal energy is stored in geothermal reservoirs, which are systems of fractured and
permeable rocks that trap hot water or steam below the surface of the Earth. The rocks hold most of the
energy, although it is the hot water or steam that allows it to be transferred to the surface of the Earth.
Many reservoirs are located deep underground and must be accessed by drilling. Some reservoirs—
particularly those in Hawaii, Alaska, and the Western United States—are relatively close to the Earth’s
surface and are much easier to access.

It is also relevant to note that the ground near the Earth’s surface maintains a relatively constant
temperature of 10 to 16 °C, and this geothermal energy can be used for heating and cooling
applications. It is not sufficient, however, to support geothermal power. So it is important to
differentiate between electricity-generating geothermal applications and other, more direct, uses of
geothermal energy, such as geothermal process heating and cooling.

Advantages

Geothermal power has several advantages. It does not produce any CO, emissions and does not require
the transportation, storage, or combustion of fuels. The heat generated by the Earth’s core, which is the
fuel for geothermal power, is virtually inexhaustible. Geothermal power is also reliable. While coal
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power plants have an average system availability of 75 percent, geothermal facilities have an average
system availability of 95 percent. Geothermal power also is not intermittent, unlike wind and solar.

Issues

A significant issue for geothermal power is that while the heat from the earth is inexhaustible, the hot
water or steam in a particular geothermal reservoir is not. Reservoirs must be managed carefully to
ensure the longevity and reliability of any geothermal facility, and no geothermal reservoir can be used
indefinitely. The underground water that is required for geothermal power plants is not nearly as
ubiquitous as geothermal energy itself.

The design of geothermal power plants is also very site specific. Each geothermal site has a unique set of
characteristics and operating conditions that must be accommodated. The chemical composition of the
heated liquids in reservoirs can vary substantially between sites, as can temperatures and pressure
levels. In some cases, costly surface disposal of sludge or salt is required.

Another issue with geothermal technologies is that their efficiencies are low compared to those of
traditional fossil fuel or nuclear power plants. This is mainly due to the relatively low temperature
ranges over which geothermal plants operate, typically between 50 and 250 °C. At such low differences
in temperature, technologies that convert heat to electricity are naturally less efficient. Even small
efficiency gains can have significant impact on the economic feasibility of a geothermal project. This
makes it even more important to tailor the design of geothermal power plants to site-specific
conditions.

Applications

Geothermal power has both small- and utility-scale applications. There are many potential applications
for small-scale geothermal power plants in rural communities. Such plants would typically have
operating capacities under 5 MW and would use technologies similar to those seen in larger geothermal
plants. These technologies will be explained in more detail later in this section.

More direct uses of geothermal energy also may occur on a relatively small scale. Reservoirs with
temperatures of roughly 20 to 150 °C may be used in a variety of direct-use applications, including
heating homes and businesses, greenhouses, and fish farms. Individuals, small businesses, and
municipalities throughout the Western United States use geothermal energy for district heating
systems, which distribute hot water or steam to multiple buildings, or for space heating.

For example, a geothermal powered greenhouse in Hooper, CO, can be seen in Figure 33.
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Figure 33. Geothermal-heated greenhouse. Source: NREL PIX.

Organic hydroponic tomatoes are grown in this greenhouse, which uses the energy from low-
temperature geothermal wells to both heat and water the produce.

A typical utility-scale geothermal power plant produces roughly 50 MW of power and uses one of three
types of geothermal power conversion technologies: dry steam, flash, or binary cycle. The type of
technology used depends on the state and temperature of the fluid in the geothermal reservoir.

Dry steam plants route steam directly from a geothermal reservoir to turn turbines, which drive
generators that produce electricity. These are the oldest type of geothermal power plant and require
reservoir water temperatures in excess of 182 °C. They are also a very clean source of power, emitting
only excess steam and small amounts of other gases.

A picture of The Geysers, the largest complex of geothermal power plants in the world, can be seen in
Figure 34. This California facility uses dry steam technology to convert geothermal energy into electrical
energy and has been online since the early 1960s. It has a net generating capacity of about 725 MW.

Figure 34. Dry steam geothermal power plant. Source: NREL PIX.

Flash technologies route high-pressure hot water from a geothermal reservoir into a low-pressure tank,
where it vaporizes, or “flashes,” and the resulting steam is used to turn a turbine. The turbine drives a
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generator that produces electricity. Any water that remains after the first flash can be flashed again in a
second tank, resulting in even more efficient generation. Similar to dry steam plants, flash plants require
reservoir water temperatures in excess of 182 °C.

A picture of the Heber Geothermal Power Station, a power plant that uses dual flash technology, can be
seen in Figure 35. It is located in Imperial County, CA.

Figure 35. Dual flash geothermal power plant. Source: NREL PIX.

The Heber Geothermal Power Station has been online since the mid-1980s and has a generating
capacity of about 47 MW.

The first geothermal power plant to be built outside of California, the Blundell geothermal power plant,
can be seen in Figure 36. This plant also uses flash technology to generate electricity and has been
online since 1984. The Blundell plant, located in Roosevelt Hot Springs, UT, has a generating capacity of
about 26 MW.

Figure 36. Single flash geothermal power plant. Source: NREL PIX.

Binary cycle technologies route moderately hot water from a geothermal reservoir by a second fluid that
has a significantly lower boiling point; the secondary fluid flashes to steam and is then used to turn a
turbine that drives a generator to produce electricity. With this type of technology, water or steam from
the reservoir never comes in contact with the turbine(s). Because the geothermal fluids never escape
the Earth’s surface, binary cycle plants have effectively zero emissions.
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Binary cycle plants can be used with reservoir water temperatures below 200 °C, making them suitable
for sites with only moderate temperatures. Since most geothermal areas feature temperatures in this
range, this technology is of particular interest for future development.

Navopache Electric Cooperative
Navopache Electric Cooperative (NEC) is a transmission and distribution cooperative based in Pinetop-Lakeside, AZ. It
serves roughly 35,000 customers over a 10,000-square-mile area.

Largely in response to Arizona's renewable portfolio standard, Navopache Electric Cooperative decided to revive 25-
year-old plans to build a geothermal power plant within its service territory. The plant is currently being developed and
is expected to come online in 2012. It will use Enhanced Geothermal System (EGS) technology, which involves improving
the permeability of an existing reservoir and injecting water into it. The completed project will generate 5 MW of power.
Development of this project was facilitated by a 69 kV transmission line that already traverses the property where the
plant will be located.

Regional Availability

A map depicting geothermal resource availability within the United States can be seen in Figure 37. This
map uses the estimated temperature 6 km below the Earth’s surface as an indicator of availability. Maps
using depths of 3, 4, 5, 6, and 10 km can be found in the Maps section of the Idaho National Laboratory
(INL) Geothermal Program website (http://geothermal.inl.gov).

As shown in Figure 37, the Western United States is rich in geothermal resources, which makes it
particularly suitable for utility-scale geothermal power applications.

A map depicting heatflow information for the United States can be seen in Figure 38. Heatflow is
another way of measuring geothermal resource availability and is determined by multiplying the well
temperature gradient by thermal conductivity. The data shown in Figure 38 align well with those of
Figure 37.
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A heatflow map for Alaska, which is also rich in geothermal resources, can be seen in Figure 39.

Springs * Hot & Warm 25 Heat Flow (=W/m*)
Pleistocene and Holocene Volcano &
Geothermal Area Wells «
Land Heat Flow

+ (data averaged 06%) >
Ocean Heat Flow (=W/m?)

2029 90-99 40-49 j B
9 = e
055 60-69 T0-79

85

a0 *
B0-85 S0-85 100-118
* . aF

120-148 150+

A80

(=]
M~
SMU Geothermal Map of Alaska, 2004 '

-165
-160
155
450
.445

Figure 39. Alaska heatflow map, 2004. Source: SMU Geothermal Lab.

Detailed state-level geothermal resource maps for the Western United States are available from the INL
Geothermal Program website. These maps contain data on specific geothermal wells and springs as well
as heatflow data. The Southern Methodist University Geothermal Laboratory website also contains
several heatflow maps for the entire United States, Alaska, and the Western states only
(http://smu.edu/geothermal/).

A study conducted by the Geo-Heat Center (GHC) at Oregon Institute of Technology recently identified
271 cities and communities in the Western United States that could potentially use geothermal energy
for district heating and other applications. A summary of these data can be seen in Table 6. Detailed
information about these communities and the resources available to them can be found on the GHC
website (http://geoheat.oit.edu). The GHC also has an interactive map of the United States that shows
where current geothermal power plants and direct use projects are located.

Another wuseful resource is the DOE EERE Geothermal Technologies Program website
(http://www.eere.energy.gov/geothermal/). Contact information for the Utility Geothermal Working
Group (UGWG), a group of utilities and other associations whose purpose is to promote the
development of geothermal power in the Western United States, can also be found on this website.
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Table 6. Communities with collocated geothermal resources. Data: GHC.

Number of Number of

State Communities State Communities
Arizona 14 Utah 23
California 70 Washington 6
Colorado 15 Alaska 17
Idaho 51 Nebraska

Montana 18 North Dakota 1
Nevada 30 South Dakota 58
New Mexico 12 Texas 43
Oregon 32 Wyoming 5

Projections of regional geothermal power generation capacity for the electric power sector can be seen
in Figure 40. These projections confirm that the Western United States is best suited for geothermal
power generation, with California making the most significant contribution to future geothermal power
capacity. This is consistent with the geothermal resource map in Figure 37. No regions outside the West
are projected to contribute to future geothermal power capacity, although some of these areas may use
geothermal energy in smaller, direct-use applications.
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Regional Geothermal Power Generating Capacity, 2005-2030
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Figure 40. Regional geothermal power generation capacity, 2005-2030. Data: EIA (April 2008).

Summary of Regional Resource Availability
Below is a cross-resource summary of regional availability. Note that most regions have some wind and
solar resources, but not all regions have an amount sufficient for utility-scale generation.

Alaska. Alaska is endowed with rich wind and hydro resources. The wind resources are mostly
concentrated in coastal areas. There are also some geothermal resources available in selected areas.

Northeast. The Northeast is endowed with some biomass resources, including forest and secondary
mill residues and methane emissions from landfills. There are also some urban wood residues and
methane emissions from domestic wastewater treatment facilities available in the Mid-Atlantic states.
There are some offshore wind resources as well, but siting issues may hinder their development. Lastly,
there are some undeveloped small hydro resources.

59



Southeast. The Southeast is endowed with fair biomass resources, including forest residues, primary
and secondary mill residues, and methane emissions from manure management and landfills. There are
also some fair solar resources and minimal undeveloped small hydro resources.

Midwest. The Midwest is endowed with the richest biomass resources in the United States. These
include crop residues, methane emissions from manure management, and forest and primary mill
residues. The residues are concentrated in the upper Midwest. There are fair wind resources as well in
northern Indiana, Illinois, and parts of Ohio and Michigan. There are also some undeveloped small hydro
resources.

Great Plains. The Great Plains are endowed with the best land-based wind resources in the United
States. Their development may be hindered by a lack of transmission access, however. Biomass
resources available in the Great Plains include crop residues and methane emissions from manure
management. The methane resources are mostly concentrated in South Dakota and Nebraska.

West. The West is endowed with the best solar and geothermal resources in the nation. There are also
some offshore wind resources on the west coast, but siting issues may hinder their development. There
are some biomass resources available in the Southwest, including mill and urban wood residues, and
methane emissions from landfills, manure management, and domestic wastewater treatment facilities.

Northwest. The Northwest is endowed with the best undeveloped small hydro resources in the United
States. There are also some geothermal and offshore wind resources, but development of the latter may
be hindered by siting issues. Biomass resources available in the Northwest include forest, mill, and
urban wood residues and some methane emissions, particularly those from landfills and manure
management.
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Transmission Access & Adequacy for Renewables

Demand for electricity, which has grown steadily in the United States for several decades, is projected to
continue growing through the first half of the 21st century. The Energy Information Administration (EIA)
of the U.S. Department of Energy (DOE) projects that, by 2030, domestic electricity demand will grow by
30 percent over 2006 levels. Furthermore, growth in peak electricity demand has consistently
outstripped growth in transmission capacity. This demand growth is driven by a number of different
factors, including larger houses, more and larger appliances, and population growth. According to the
DOE’s Office of Electricity Delivery and Energy Reliability, growth in peak demand has exceeded
transmission growth by nearly 25 percent every year since 1982.

This has created a situation in which the strain placed on the United States’ transmission infrastructure,
much of which dates from the first half of the 20th century, largely exceeds its planned use. Lagging
investment in new transmission lines is due to many different factors. Prominent among these are
myriad regulatory and financial obstacles, which will be treated in more detail below. The manner in
which the transmission system was originally developed has also proved an obstacle to expansion.
Technological developments that allow more efficient use of the infrastructure already in place have
also reduced the need for building new transmission lines, and will continue to play an important role in
meeting electricity demand in the future.

Nevertheless, investment in the transmission system has been increasing in recent years. According to
the Congressional Research Service (CRS), in 2007 such investment by investor-owned utilities (IOUs)
reached a 30-year high of $6.5 billion in constant 2000 U.S. dollars. Note that between 1977 and 1997,
transmission system investment declined to a 1998 low of $2.1 billion in constant 2000 U.S. dollars.

The recent increase in transmission investments by 10Us notwithstanding, even greater transmission
investment will be required to meet projected electricity demand. Much more transmission
infrastructure will also be required to reliably integrate variable and/or location-constrained resources
into the electricity supply—such as wind, solar, and many other renewable resources.

Overview of the Electrical Power System

The electrical power system consists of interconnected components that convert nonelectrical energy
into electrical form, transmit that electricity across long distances, and then convert it into a specific
format appropriate for end use. The components of the electrical power system can be divided into
three main categories: generation, transmission, and distribution. Transformers are located between
generation and transmission components as well as between transmission and distribution components.
The basic structure of the electrical power system is displayed in Figure 41.
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Figure 41. Basic structure of the electrical power system. Source: U.S.-Canada Power System Outage Task Force (2004).

Note that subtransmission lines are lower capacity transmission lines that cover shorter distances and
have a greater number of terminations; they are often simply older transmission lines.

Generation

The generation components of the electrical power system include all entities that supply electrical
power to that system. These include investor-, federally, and publicly owned utilities, as well as
cooperatives and various non-utility power sources such as paper mills and other industrial entities.
They generate electrical power from either combustible fuels like coal, natural gas, and biomass, or from
non-combustible energy sources like wind, solar, and hydro. Generators range in size from a capacity of
hundreds of kilowatts to larger than a gigawatt.

Transmission

The transmission components of the electrical power system carry bulk power from the generation
entities’ facilities to concentrated areas of customers, often referred to as demand centers. Step-up
transformers connect generation facilities to transmission; they transform the high-current, low-voltage
electricity coming from the generators into low-current, high-voltage electricity, so it is easier to
transmit long distances.

Most transmission lines are Alternating Current (AC), which is easier to step up and down than Direct
Current (DC). A small number of lines are DC, which transmits power very efficiently but requires
complex and expensive conversion technology to connect with AC lines. The voltages of transmission
lines range from as little as 115 kV to as much as 765 kV. Most policy decisions currently affecting
transmission infrastructure concern “high” and “extra-high” voltage transmission, whose line voltages
are 230 kV or greater.

It is important to understand that once electricity is supplied to the grid, it will flow across any available
path to reach its customers. It is very difficult, if not impossible, to designate any specific path across
which it must flow. For this reason, buying and selling electricity requires coordination and monitoring
across the entire transmission system.
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The transmission system was not originally planned at a national level, like the interstate highway
system, for example. It was built by individual generators to meet local needs. Over time, generators
patched together these individual transmission systems to increase reliability as they entered into joint
ownership of generation facilities or simply to mutually increase sales. This process was not systematic.

Eventually, the transmission system evolved into three main sections, often called “interconnections” or
simply “grids.” These are as follows: the Eastern Interconnection, the Western Interconnection, and the
Electricity Reliability Council of Texas. Note that some interconnections reach into Canada or Mexico.

The United States’ power system interconnections can be seen in Figure 42.

North American Electric Power Grids

Western ~__
Interconnect

/——\-\_p"‘—"

!
4 NN
Eastern
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Texas
Interconnect

Figure 42. United States’ interconnections. Source: EIA (2003).

Within each interconnection, generators must all be synchronized to 60 cycles per second (Hz). Because
the three interconnections of Figure 42 are not synchronized, it is not possible to transmit AC power
between them. There are a mere eight low-capacity, DC links or “ties” between them.

Although all generators are allowed access to the grid, its transmission lines are owned by hundreds of

private and public entities. The ownership of high voltage transmission lines by region can be seen in
Table 7.
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Table 7. High voltage transmission by owner and region. Source: CRS (April 2009).

Data in Miles [and Regional %] for the 48 Contiguous States for Transmission Lines of 230 kV and Higher

Owner Northeast Upper

Type /Midwest Southeast Southwest Plains West U.S. Total
Federal 21 [0%] 2,768 [7%] 0 [0%] 2,541 [17%] 18,214 [27%] 23,544 [14%]
Other Public 964 [3%] 2,079 [5%] 731 [5%] 1,798 [12%] 5.525 [8%] 11,098 [7%]
Power
Cooperative 0 [0%] 2,993 [8%] 387 [2%] 2,908 [20%] 4,496 [7%] 10,784 [6%]
Subtotal — All 986 [3%] 7,840 [20%] 1,118 [7%] 7,247 [49%] 28,235 [42%] 45,426 [27%]
Public Power
and
Cooperatives
Independent 4,640 [15%] 0 [0%] 351 [2%] 1,045 [7%] 0 [0%] 6,036 [4%]
Transmission
Companies
Investor 24968 [B81%] 31.412[79%] 12408 [80%] 5402 [36%] 37,034 [56%] 111,223
Owned [66%]
Utilities
N/A 260 [1%] 264 [1%] 1,686 [11%] 1,148 [8%] 1,250 [2%] 4,609 [3%]
Total 30,853 39,516 15563 14,843 66,519 167,294

[100%] [100%] [100%] [100%] [100%] [100%]

Source: Data downloaded from Platts POVWERmap, information on entity ownership type provided by the
Energy Information Administration, and CRS estimates.

Notes: The Northeast/Midwest region is the combination of the RFC and NPCC NERC regions; the Southeast
is the combination of SERC and FRCC; the Southwest is the combination of ERCOT and SPP; the Upper Plains is
the MRO region; and the West is the WECC region. For a NERC regional map, see Figure 3. N/A signifies that
ownership information is not available. Other Public Power includes municipal and state systems. kV = kilovolt.
Detail may not add to totals due to independent rounding.

CRS - Congressional Research Service SERC - Southeastern Reliability Council (SERC) Reliability
NPCC - Northeast Power Coordinating Council Corporation

FRCC - Florida Reliability Council ERCOT - Electric Reliability Council of Texas

SPP - Southwestern Power Pool MRO - Midwest Reliability Organization

WECC — Western Electric Coordinating Council NERC - North American Electric Reliability Corporation

RFC - Reliability First Corporation

As shown in Table 7, transmission ownership varies significantly across regions. IOUs own the majority
of lines in the Northeast/Midwest and South. However, their ownership is significantly reduced in the
Upper Plains and the West, where public power entities and cooperatives own a much larger share than
they do in the other regions.

The transmission system will often be referred to as simply the “grid.”

Distribution
The distribution components of the electrical power system deliver power to the industrial, commercial,
and residential customers in demand centers. Substations, or step-down transformers, connect
transmission lines to distribution lines. These substations transform the low-current, high-voltage
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electricity coming from the transmission lines into high-current, low-voltage electricity that can be easily
distributed.

Regulation of the Electrical Power System

The electrical power system is regulated at the regional, state, and federal levels. The state and federal
levels are of particular interest for transmission issues, which are the focus of the following section of
this document. Policies regarding siting permission fall largely under state regulation, while policies
affecting transmission access and reliability fall largely under federal regulation.

State-Level Regulation

State-level regulation of the electric power sector is typically handled by a Public Utility Commission
(PUC). The authority of PUCs most often extends only to IOU operations. They usually do not regulate
publicly owned utilities, such as those owned by state governments and municipalities, which typically
make their own decisions regarding new generating capacity and new transmission lines.

PUCs regulate retail electricity rates, monitor the operations of utilities, and—of most interest here—
issue siting permits for new transmission lines. Generally, permission to install transmission lines must
first come from states, not from the federal government. This generalization excludes federal lands and
is subject to some notable exceptions that are treated in more detail in the following subsection.

National-Level Regulation

National-level regulation of the electric power sector is administered by the Federal Energy Regulatory
Commission (FERC), an independent agency of the U.S. Department of Energy (DOE). It is the
responsibility of FERC to approve transmission line projects after they have received state siting
permission, as well as to regulate wholesale electricity rates and transmission rates.

FERC generally does not regulate publically owned utilities, such as federal power authorities, municipal
utilities and electric cooperatives. However, if these entities wish to buy or sell wholesale electricity or
to use transmission facilities under FERC's jurisdiction, they must then follow federal regulations.

Encouraging competition in the electricity transmission sector is an important aspect of FERC's
regulatory responsibilities. In 1996, FERC mandated “open access” to the U.S. transmission system,
which requires transmission owners to allow any generator or power buyer to access available
transmission capacity at cost-based or market-based fees. Open access prevents transmission owners
from using their sole ownership of transmission lines to drive up costs.

As suggested by FERC when it established open access, Independent System Operators (ISOs) soon were
created to ensure non-discriminatory access to transmission. Each ISO is a not-for-profit corporation
regulated by FERC. FERC later encouraged the creation of voluntary Regional Transmission Organizations
(RTOs), which are responsible for administering the transmission system on a regional basis throughout
North America. Each RTO takes over the operation of the transmission system in a particular state or
region, although the components of this system remain under the ownership of individual utilities. The
responsibilities of RTOs include ensuring open access as well as coordinating transmission planning and
organizing funding for new transmission lines.
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A map of current ISOs and RTOs can be seen in Figure 43.

REGIONAL TRANSMISSION ORGANIZATIONS

This map was created using
Energy Velocity, August 2009

\

Figure 43. Map of ISOs and RTOs. Source: FERC (August 2009).

An important development in FERC’s regulatory responsibilities came with the Energy Policy Act of 2005,
which gave FERC “backstop” siting authority for new transmission lines. Under this act, the DOE is
required to conduct a transmission congestion study every three years, which it can use to designate
any number of National Interest Electric Transmission Corridors (NIETCs). These NIETCs are designated
as “any geographic area experiencing electric energy transmission capacity constraints or congestion
that adversely affects customers.” Once the DOE has designated a NIETC, special rules apply to proposed
transmission projects within it. If a state fails to act on an application for any such project within a year
of its submission, or if a state rejects such an application, FERC can bypass the state and approve that
application. This is backstop siting authority.

This new backstop authority has not gone unquestioned, however. In February 2009, the 4th Circuit
Court of Appeals ruled that FERC had overstepped its authority. This issue has not been resolved,
however, as FERC has asked for reconsideration of this decision.

Another major aspect of federal regulation of the electrical power system is ensuring the reliability of
that system. The EIA defines reliability as “adequacy of supply and security of operations.” The electrical
power system has long been operated with the intention to provide customers with the power they
demand with a high level of reliability.
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FERC has the authority to conduct oversight of all electrical power entities in the 48 contiguous states to
ensure reliable operation of the bulk power system, which includes transmission. Before the Energy
Policy Act of 2005, however, reliability was largely taken care of by voluntary self-regulation of the
electrical power industry. This was done through an industry association called the North American
Electric Reliability Council (NERC). Since it was a voluntary organization, NERC did not initially have the
authority to enforce its reliability standards.

After the Northeastern blackouts of 2003, FERC was ordered by the Energy Policy Act of 2005 to
designate an official Electric Reliability Organization (ERO). In 2006, FERC designated NERC as this ERO,
after it had been reorganized as the North American Electric Reliability Corporation. Now FERC must
approve all regulation and enforcement actions by NERC. The NERC has delegated some of its regulatory
responsibilities to its eight regions. These regions are displayed in Figure 44.

NERC REGIONS

Figure 44. NERC Regions. Source: NERC (August 2007).

The abbreviations in Figure 44 are as follows: FRCC — Florida Reliability Coordinating Council; MRO —
Midwest Reliability Organization; NPCC — Northeast Power Coordinating Council; RFC — ReliabilityFirst
Corporation; SERC — SERC Reliability Corporation; SPP — Southwest Power Pool; TRE — Texas Regional
Entity; and WECC — Western Electricity Coordinating Council. ASCC — the Alaska Systems Coordinating
Council, is an affiliate member of the North American Electric Reliability Corporation (NERC).

67



Transmission Congestion

Transmission congestion occurs whenever electricity flowing across a transmission line is restricted. This
might happen due to physical constraints, such as the maximum capacity of the line. It also might
happen due to operational constraints, such as limits placed on electricity flows to ensure system
reliability and security. Transmission congestion often leads to higher electricity prices, and it can cause
interruptions in service. In areas of chronic congestion, it may prevent new generation facilities from
being built, since congested lines reduce the market access of any potential generators.

The DOE National Electric Transmission

Critical Congestion Area

Congestion Study (NETCS) measures

transmission congestion across the United
States every three years. As of this
writing, the most recent NETCS report was
published in April 2009. This study and the
2006 NETCS study are the main data

R 4

7Y ) sources for the remainder of this
'J O™\ , subsection.

| Detroit g./ The NETCS measures transmission

congestion in three ways: in terms of

Cleveland ﬂttsburgh
_—n magnitude—such as the number of hours
Cincinnati_._ur“/ per year a line operates at its maximum
: safe level; in terms of cost—such as any
increases in price caused by a line
operating at its maximum safe level; and
in terms of shortfalls in reliability. The
NETCS also identifies three classes of
° areas experiencing transmission
Atlanta congestion, which are as follows in order
of greatest to least severity: critical
congestion areas, congestion areas of

concern, and conditional congestion

Orlando areas.

Critical congestion areas are those in
Mam which the current or projected effects of

iami o . i
transmission congestion are severe, so it

” is imperative they be remedied as soon as

Figure 45. Critical congestion area in the Eastern Interconnection. Source: POSsible. These areas are mostly large,
DOE NETCS (April 2009). densely populated, and economically

active demand centers that experience
repeated adverse effects from congestion. Congestion areas of concern are those in which there are
large or emerging congestion problems, but for which more research is required to determine both the
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magnitude of these problems and the appropriate response to them. Conditional congestion areas are

those that currently exhibit some congestion and would be adversely affected by a large increase in
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Figure 46. One critical congestion area and three congestion areas of
concern in the Western Interconnection. Source: DOE NETCS (April
2009).

stakeholders to address the problems outlined in the NETCS.

generation that is not paired with a

concurrent increase in transmission

capacity.

Each of the congestion areas identified in
the report face a unique set of technical
and policy challenges as well as a unique
their
new

set of potential solutions to

problems. Sometimes building
transmission lines is a suitable solution,
but sometimes this simply shifts the
congestion from one location to another.
At other times, the expected cost of
alleviating the congestion may exceed
that of the congestion itself, in which case
it may be most economical to refrain from
implementing a solution. Sometimes
alternatives to new transmission lines—
energy-efficiency initiatives, demand
response or load management programs,
distributed generation, or energy storage
technologies—are viable solutions to
congestion. The DOE has committed to
working with FERC,

authorities, states, companies, and other

various regional

Figure 45 illustrates a critical congestion area. Designated by the orange-shaded area, the critical

congestion area extends southward along the Atlantic coast from metropolitan New York to northern

Virginia.

Figure 46 illustrates one critical congestion area and two congestion areas of concern in the Western

Interconnection. The critical congestion area is designated by the orange-shaded region in southern

California. The congestion areas of concern include the San Francisco Bay area as well as
Portland/Seattle. The development of wind resources to the east of Portland and Seattle is exacerbating

the transmission congestion in that area.

Two areas identified as congestion areas of concern in the 2006 NETCS were alleviated to the extent
that they were removed from the 2009 NETCS. The first was New England, which used a combination of
new transmission lines and demand-side management to significantly reduce any reliability issues while
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meeting its load requirements. The second was the greater Phoenix and Tucson region, which since
2006 has benefited from numerous new transmission projects.

Recall that the congestion areas identified by the 2009 NETCS, and shown in Figure 45 and Figure 46
above, are not themselves National Interest Electric Transmission Corridors (NIETCs). Based on the data
from the 2006 NETCS, the U.S. Secretary of Energy designated two NIETCs in October 2007: the Mid-
Atlantic Area National Corridor and the Southwest Area National Corridor. This designation will remain
in effect until October 2019. As of this writing, the Secretary of Energy has not taken further action on
the 2009 NETCS study.

A map of the Mid-Atlantic Area National Corridor can be seen in Figure 47. This corridor includes
counties in New York, Ohio, Pennsylvania, Virginia, and West Virginia, as well as all of New lersey,
Delaware, and Washington, DC. It is designated by the black-and-white dotted area in Figure 47.
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Figure 47. Mid-Atlantic Area National Corridor map. Source: DOE (October 2007).

A map of the Southwest Area National Corridor can be seen in Figure 48. This corridor includes certain
counties in Arizona and California. It is also designated by a black-and-white dotted area.
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Figure 48. Southwest Area National Corridor map. Source: DOE (October 2007).

Note that the National Interest Electric Transmission Corridors shown in Figure 47 and Figure 48 extend
beyond the boundaries of the critical congestion areas designated by the DOE in its NETCS. This was
done to include all areas adversely affected by congestion, including those “downstream” from
transmission lines in the critical congestion areas; and areas with underutilized generation capacity or
significant potential for renewable generation development—factors that may contribute to greater
transmission congestion in the future.

Transmission Access

Unlike traditional fuels such as coal, petroleum, or natural gas, most renewable energy resources cannot
be transported from one location to another. Wind, solar, hydro, and geothermal resources all require
collocated generation facilities. Even biomass can be economically transported only modest distances
due to its low energy density. This may be a significant barrier to investment in renewable energy, since
many of these resources are located in remote areas that do not have nearby transmission lines with
excess capacity.
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The dearth of high-power transmission lines in regions that are rich in renewable resources can be
inferred in part from visual inspection of Figure 49, which displays a map of the United States’ existing
transmission infrastructure. With the exception of two DC lines that span parts of North Dakota and
Minnesota, the wind-rich Great Plains only have 345-499 kV transmission lines, and existing lines in that
region are sparse. Broadly speaking, few high-power transmission lines exist that are capable of
transporting power from the middle of the country—where many renewable resources are located—to
demand centers near the coasts. In the Upper Plains in particular, cooperatives own roughly half of the
existing transmission infrastructure, and because of their incentive to primarily serve members, have
little economic interest in building lines that will primarily serve customers in other regions.
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Figure 49. U.S. Electric Grid. Source: NPR (2010).

Although physical access to transmission lines is much less of an issue in the Eastern and Western
United States than it is in the middle of the country, congestion in these regions may limit access to
transmission capacity. There are many transmission lines in the Northeast, but this region suffers from
relatively severe transmission congestion. In the Southeast, a history of vertically integrated 10Us may
be making it more difficult to implement open access to the transmission lines in that region. The
transmission system of the Western United States, unlike that of the Eastern United States, was built to
transport power across long distances and from remote locations to densely populated demand centers.
For this reason, transmission access for location-constrained renewables may be less of an issue in this
region than it is in the East. However, the Southwest suffers from relatively severe transmission
congestion, and this may bar investments in solar and geothermal power in the near future by limiting
access to transmission capacity.
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In some cases, access to transmission can be the deciding factor in determining the feasibility of a
proposed renewable generation project. The 2009 NETCS discussed in the preceding section also
identified areas in which further development of renewable resources is being blocked by inadequate
access to transmission capacity. These areas can be seen in Figure 50. The Type | areas are those in
which renewable resources could be cost effectively developed using existing technologies, but are not
being developed due to transmission constraints. The Type Il areas are those in which there are rich
renewable resources, but mature technologies for developing those resources do not yet exist. Once
such technologies are developed, the primary constraint to resource development in those areas will
likely be the adequacy of the transmission infrastructure.

Waverly Light and Power

Waverly Light and Power (WLP) is a publicly owned utility that serves the residences and businesses of Waverly, IA. WLP
became the first utility in lowa to own and operate its own wind power when, in 1993, it installed an 80 kW turbine. It
later installed two 750 kW turbines at the Storm Lake wind facility and an additional 800 kW turbine in the town of
Waverly. This latter turbine was constructed in an area with less-than-ideal wind resources, because it was more
economical to connect it to existing lines than to build a new transmission line.

The price of the electricity coming from these wind turbines is competitive with other energy sources but varies
according to the availability of the Renewable Energy Production Incentive (REPI). As an additional source of revenue,
Waverly Light and Power sells the renewable energy credits generated by its turbines.
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Figure 50. U.S. Conditional constraint areas. Source: DOE NETCS (April 2009).

Figure 50 shows large areas in which inadequate transmission infrastructure is a barrier to the
development of wind, solar, and geothermal resources in the United States.

Transmission and Bulk Power Reliability

As previously stated, the EIA defines reliability as “adequacy of supply and security of operations.”
Similarly, according to NERC, there are two main aspects of transmission system reliability: sufficient
capacity to continuously meet customer needs and sufficient resiliency to withstand major failures, such
as the loss of a crucial transmission line.

The relationship between renewable energy and transmission reliability is complicated. Integrating more
renewable energy and distributed generation into the electrical power system may have a positive
impact on system-wide reliability, as it diversifies that system’s energy portfolio. However, the variability
of intermittent renewable power sources may pose significant reliability challenges—especially as the
number of these sources that are connected to the grid increases in the coming years.
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Variability and Uncertainty

Some sources of renewable power are more
variable than others. This variability is often
measured by a generation facility’s on-peak
capacity factor, or the percentage of time that the
facility operates at its maximum capacity. The on-
peak capacity factor of wind power facilities is fairly
low at an average 24 percent, while that of solar
power is a mere 14 percent. Geothermal and
biomass fare better, for example, with average on-
peak capacity factors of 74 percent and 28 percent,
respectively.

The variability of wind power, in particular, will
become a pressing issue if wind power remains the
focus of North American renewable energy
development. Its prevalence will create reliability
challenges on two fronts: it may place a strain on
transmission capacity during periods of peak wind
generation, and it may reduce the availability of
generation capacity during periods of peak
demand, since peak wind generation does not
necessarily track peak demand.

According to NERC's Integration of Variable
Generation Task Force, the bulk power system
must become more flexible in order to
accommodate wind variability. New transmission
infrastructure must also be able to manage both
the variability and intermittency of wind resources.

Demand Outstripping Supply

In the United States, the demand for renewable
energy currently exceeds the supply. This is largely
due to states enacting Renewable Portfolio
Standards (RPSs)—policies that mandate electricity
providers obtain a minimum amount of their power
from renewable resources by a certain date. As of
this writing, 29 states and Washington, DC, have
RPSs in place, with mandates as high as 40 percent
and transition periods that range from five years to
more than 20.
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Platte River Power Authority

Platte River Power Authority (PRPA) is a joint action
agency based in Fort Collins, CO. It was formed by four
municipal utilities in Estes Park, Fort Collins, Longmont,
and Loveland. PRPA owns and operates the Medicine
Bow Wind Project in Medicine Bow, WY, which
generates roughly 6 MW of wind power. Most of the
power generated at that site is sold through PRPA's
member utilities' green pricing programs, and some of it
is sold to the Tri-State generation and transmission
Cooperative.

In the early 1990s, the Platte River Power Authority
conducted surveys to determine customers' willingness
to pay for renewable energy. Following a positive
response from its customers, it decided in 1996 to take
an ownership stake in a wind power project planned
for the nearby Foot Creek Rim area. This project met
with financial difficulties before construction could
begin, however, so PRPA withdrew.

After its negative experience with the Foot Creek Rim
project, PRPA decided to purchase green power, rather
than own its own facilities. After soliciting bids from
various suppliers, PRPA agreed to purchase the output
of a planned wind power project near the town of
Medicine Bow. Its developer encountered financial
difficulties as well, though, so PRPA decided to assume
sole ownership of all of the project's assets in 1998. At the
time, this consisted of two wind turbines generating about
1 MW of power. Most of this power was sold to Fort
Collins.

In 1999, PRPA installed five additional turbines at the
Medicine Bow wind farm to meet demand for green
power from its member utilities as well as from Tri-
State generation and transmission Cooperative and the
Municipal Energy Agency of Nebraska. Demand from
its member utilities for green power continued to
increase, so it installed two more turbines in 2000.

PRPA planned to add more turbines to the Medicine
Bow facility in subsequent years, but was prevented
from doing so by transmission constraints. Due to the
variability of wind power, integrating additional
turbines into PRPA's service area would entail
significant regulatory costs. In 2005, it leased land to
Clipper Wind Power to develop a 2.5 MW prototype
turbine. The output of this turbine is purchased by PRPA.




According to NERC, the demand for renewable resources may outstrip the available supply by as much
as 30 percent in 2010. If wind power remains the focus of North American renewable energy
development, this will place a strain on the procurement of wind turbines in the United States. As of this
writing, only two U.S. wind turbine manufacturers account for more than 75 percent of the market. As
the demand for wind power increases, shortages of wind turbines and delays in turbine delivery could
significantly impact the reliability of the bulk power system.

Reactive Power

Reactive power, garnered from the magnetic fields created by traditional generation technologies, is
often used to provide dynamic voltage support to the electrical power delivered to the grid. The reactive
power derived from renewable resources, particularly wind and solar, in some cases can be provided
neither dynamically nor in continuously variable amounts. For this reason, as more renewable power is
added to the grid, reactive power may not be as readily available and voltage stability may be negatively
impacted.

To address this problem, some renewable power facilities are installing systems that provide dynamic
reactive power support and regulate grid voltages. Examples of this kind of technology are static
compensators (STATCOMS), static VAR compensators (SVC), and Flexible AC Transmission System
(FACTS) devices. These dynamic reactive power systems allow reactive power-deficient renewable
power facilities to better meet grid interconnection standards. Such technologies have not yet been
deployed on a large scale, however.

New Grid Technologies

Connecting a large number of non-traditional resources to the grid, such as distributed generation and
“Smart Grid” technologies, may pose additional reliability challenges. While many of these new
technologies are not without precedent and are currently part of the grid on a small scale, their
increased use may strain a bulk power system designed largely around different technologies.

For more information on distributed generation and “Smart Grid” technologies, refer to the section of
this document entitled Transmission Modernization and the Smart Grid.

Transmission Expansion Paths for Renewable Energy

The two main goals for transmission expansion are: relieving congestion and improving the reliability of
the bulk power system, as discussed above, and reaching areas where renewable resources are located,
which are often remote. While these two goals do not conflict, emphasizing one over the other will
likely lead to different transmission expansion paths. Expansion to relieve congestion and improve
reliability will typically focus on urban areas, while expansion to reach renewables will more likely focus
on rural areas and may do little to relieve congestion and improve reliability. While transmission
expansion for renewable energy is primarily addressed here, transmission expansion policy will have to
balance these dual goals, taking into account resource constraints.

Approaches to Transmission Expansion
There is currently a great diversity of transmission expansion plans and proposals, from utilities, regional
authorities, and state and national government entities, among others. These prioritize different aspects
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of the transmission expansion process, and vary in both scope and level of detail. Many of the current
plans and proposals take a local or regional perspective, rather than a national one, as would be
required to develop a fully integrated plan that responds to society’s long-term needs. Policy debates
regarding transmission are, however, beginning to place greater emphasis on national-level transmission
planning as well as on renewables.

In national policy debates, two main approaches are being discussed for transmission planning to
expand access to renewable electricity generation. The first of these is a “transmission superhighway”
approach. This would involve a transcontinental overlay of ultra-high voltage transmission lines, much
like an electrical equivalent of the interstate highway system. Such a transmission superhighway would
allow flows of electricity generated from renewable energy to reach customers across the entire
country, not just those collocated with renewable resources. A study that provides an example of this
type of planning is the 2008 DOE report 20% Wind Energy by 2030. Plans of this type are still in
conceptual stages.

The second main approach to transmission planning for expanding access to renewable electricity
generation is that of regionally connecting demand centers to “renewable energy zones.” This approach
deploys regional or interconnection-wide plans that have identified areas of abundant renewable
resources located within the region. The main benefit of this approach is that it reduces the amount of
coordination needed across regions and interconnections. A study that provides an example of this type
of planning is the Joint Coordinated System Plan (JCSP) 2008 report.

Policymakers are also debating whether a top-down or bottom-up approach should be used when
designating national transmission planning authority. Some advocate for centralized authorities, at
either the national or the interconnection-wide level. Others advocate for smaller, regional authorities.
Yet others think the authority should include a mix of national, interconnection-wide, and regional
authorities.

A recent development of special importance to transmission planning is a Funding Opportunity
Announcement (FOA) issued by the DOE in June 2009. Through this FOA, the DOE made available to the
three interconnections serving the 48 contiguous states funding to both analyze transmission
requirements under a broad range of possible future scenarios, and to develop long-term plans for
interconnection-wide transmission expansion.

Transmission Expansion Challenges

A number of challenges must be overcome if expansion of the United States’ transmission infrastructure
is to be successful. These challenges involve permitting issues as well as issues associated with financing
and cost allocation. Another important factor influencing transmission expansion is the extent to which
renewable power is considered in transmission expansion plans and proposals.

Permitting Transmission Lines

Interstate transmission lines require siting permits from all of the states in which they are located. This
can be a major hurdle. For example, according to FERC, only 14 interstate high-voltage transmission
lines were built between 2000 and mid-2007, covering a mere 668 miles. Multi-state permitting can
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pose significant challenges to developing new long distance transmission lines, required by many
transmission expansion plans and proposals for expanding access to renewable electricity generation.

A number of proposals currently address this issue. Some focus on streamlining and making more
transparent the state-level permitting process. Others focus on creating a federal-level permitting
process, or at least giving FERC or another federal entity an increased role in permitting. Recall that
FERC’s backstop siting authority, which gives it the ability to override state transmission siting decisions,
recently has been called into question.

Transmission Expansion Financing and Cost Allocation

No matter what path it follows, transmission expansion will be costly. The DOE report 20% Wind Energy
by 2030 estimates that transmission expansion costs for its scenario will reach $60 billion by 2030. The
Joint Coordinated System Plan (JCSP) 2008 report estimates that bringing wind power from the Great
Plains to the East Coast may cost anywhere from $49 billion to $80 billion. Another study, Transforming
America’s Power Industry: The Investment Challenge 2010-2030, estimates that costs for all transmission
expansion purposes would total roughly $300 billion.

Open access to the transmission system has complicated funding new transmission projects. While the
wholesale electricity market responded positively to open access reforms, a commonly accepted
framework for enabling and encouraging investment in new transmission infrastructure under open
access is yet to emerge. Some current construction incentives for new transmission lines were made
available through the Energy Policy Act of 2005, although this has had little impact on the number of
new transmission projects.

A transmission funding issue that is particularly prominent for renewable power projects is the “early
funding” problem. This problem is as follows: Renewable power plant developers cannot secure
sufficient funding because the transmission infrastructure necessary to deliver their power to demand
centers does not yet exist; and, conversely, transmission projects designed to connect renewable
resource-abundant areas to demand centers cannot secure sufficient funding because the generation
facilities that would exploit those resources are not yet in place. Although state and regional authorities,
as well as FERC, have been designing mechanisms to solve this problem, a standard or commonly used
approach is not yet in place.

Cost allocation for new transmission projects has become a pressing issue in the wake of open access
reforms. While traditional mechanisms for distributing expansion costs among various transmission
stakeholders are clearly no longer appropriate, new mechanisms for cost allocation have been neither
fully designed nor widely implemented. A particularly contentious issue is the allocation of costs for new
interstate transmission lines—lines that will be crucial for integrating more renewable energy into the
U.S. electrical power system. In such cases, it is difficult to decide which stakeholders will pay for how
much of the proposed project, especially since potential benefits may likely accrue to individuals largely
outside of the states in which most of the new lines will be located.

The Electricity Advisory Committee of the DOE recently concluded, “cost allocation is the single largest
impediment to any transmission development.” It also noted that cost allocation issues can often impact
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siting decisions, so it is important that these two aspects of the transmission planning process be
addressed in tandem. In the absence of a clear cost allocation mechanism, arguments about costs may
become proxies for siting disagreements, or even for other seemingly unrelated disputes.

In the final analysis, it is unlikely that large-scale transmission expansion will occur in the absence of a
clear regulatory structure governing the cost allocation of new transmission projects. Reports such as A
National Perspective on Allocating the Costs of New Transmission Investment: Practice and Principles
argue for broadly inclusive regional and sub-regional transmission planning. A National Perspective...
also suggests similarly inclusive cost allocation that operates according to a “beneficiaries pay” principle.

Broad cost allocation is often justified by the consideration that, in a synchronized grid, all ratepayers
benefit to some extent from new transmission lines. Also, when new transmission infrastructure is built
to accommodate new renewable power sources, the environmental benefits similarly accrue to all
ratepayers. Interconnection-wide cost sharing streamlines project approvals by replacing complicated
rate hearings with a simple cost allocation mechanism and by minimizing the financial impact of a new
project on any one group of stakeholders.

Broad cost allocation is not without its critics, however. Regional or sub-regional cost allocation may
become unfair when the use of the electrical power system changes and flows across the grid are
significantly altered. It can also be argued that cost discipline will decline when costs are spread too
broadly. Making the financing of new transmission lines disproportionately attractive will create a
disincentive for investments in other solutions, such as demand response measures or new local
renewable power sources.

As with transmission permitting and financing, there are many diverse proposals for ways to address
transmission cost allocation issues. Nevertheless, a standard or commonly used approach is not yet in
place.

Transmission Modernization and the Smart Grid

Additional transmission lines are not the only available option for addressing transmission congestion
and reliability challenges. Pre-existing transmission assets can be improved or upgraded. Generally,
efforts to update the transmission system without laying down new transmission lines fall under the
“Smart Grid” heading. The National Energy Technology Laboratory (NETL) has identified the following
aspects of the Smart Grid:

Self-healing from power disturbance events

Enabling active participation by consumers in demand response
Operating resiliently against physical and cyber attack
Providing power quality for 21st century needs
Accommodating all generation and storage options

Enabling new products, services, and markets

NouhkwnNe

Optimizing asset utilization and operating efficiently
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This section will focus on four elements of the Smart Grid that are directly related to connecting more
renewable power sources to the grid: energy efficiency improvements; demand response and load
management technologies; distributed generation systems; and energy storage options.

Energy Efficiency

New grid information technologies can lead to more efficient use of current grid capacity. Any
technology that improves the efficiency of preexisting transmission infrastructure makes more capacity
available for new renewable power sources to connect to the grid. For this reason, there is a close
relationship between energy efficiency and the integration of more renewable resources into the
electrical power system.

Minnesota

The Minnesota state legislature has implemented a program that requires electric and natural gas utilities to achieve a
savings of 1.5 percent in energy sales per year, with a minimum of 1 percent achieved through energy efficiency
measures. Through the state's Conservation Improvement Program (CIP), utilities have access to grants, rebates, energy
audits, and educational programs designed to assist them in their energy efficiency initiatives. Additionally, Minnesota's
Public Utilities Commission can require publicly owned utilities to invest in energy efficiency improvements, and it can
stipulate the terms through which these utilities must offer such improvements to their customers.

Prairie Power, Inc.
Prairie Power, Inc., is a generation and transmission cooperative based in Jacksonville, IL. It has 10 member distribution
cooperatives and serves more than 83,100 customers.

To encourage its customers to engage in energy efficiency activities, Prairie Power and its 10 member Touchstone
Energy Cooperatives developed "The Energy Efficiency Wall." The "Wall" is a display that illustrates many different
devices and techniques that can be used to conserve energy in the home. It features geothermal heating devices,
energy-efficient lights and appliances, insulation and ventilation techniques, and DVDs and brochures with more
information. It is shown at a variety of cooperative customer/member events, including annual meetings, trade shows,
and county fairs.

Demand Response and Load Management

Demand response programs help to lower peak demand by transmitting real-time pricing information to
electricity consumers. Because prices are notably higher at times of especially high demand, consumers
who have access to real-time price information may respond by reducing their consumption during peak
hours. Load management programs operate according to a similar principle, except they involve utilities
physically reducing the electricity supplied to air-conditioning units and other large appliances during
peak hours. Some load management programs also involve agreements with industrial customers to
switch to on-site generation during periods of high demand.
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Pennsylvania Rural Electric Association

The Pennsylvania Rural Electric Association (PREA) is a nonprofit service organization located in Harrisburg, PA. It serves
14 cooperatives in Pennsylvania and New Jersey, and is governed by a board of directors that has one director from
each cooperative. Its member cooperatives provide electricity to more than 225,000 customers, which represent
roughly 600,000 consumers. Its 13 member cooperatives from Pennsylvania own roughly 12.5 percent of the
distribution lines in that state, covering nearly one-third of its land area.

In December 1986, PREA launched the Coordinated Load Management System (CLMS). This demand-side management
system controls electric water heaters and other special equipment during times of high demand. The homes and
businesses of more than 47,000 consumers currently participate. CLMS is able to reduce demand by about 50 MW,
which is equal to roughly 8 percent of the participating cooperatives' peak load.

PREA also recently launched the Renewable Energy Assistance Program (REAP). Through this program, cooperative
members can receive assistance for installing a small renewable generation system at their home or farm (for instance,
a wind turbine or an anaerobic digester). REAP provides grants to offset interconnection costs and to ensure that
cooperative members do not subsidize other members' systems. Qualifying systems must be no larger than 500 kW. Any
excess power generated by such a system is purchased by Allegheny Electric Cooperative , at its avoided cost.

Members participating in the REAP program have the option of assigning their renewable energy credits to Allegheny
Electric Cooperative, in which case revenue from the sale of those renewable energy credits contributes to future REAP
grants.

While such programs result in some overall reduction in electricity consumption, they mostly induce
customers to shift consumption from peak hours to other times of the day. This has a smoothing effect
on demand. For example, the Congressional Research Service reports that in Florida and the
northeastern NERC regions, demand response programs allowed approximately 6 percent and 4 percent
of peak demand, respectively, to be met by reduced consumption rather than by increased power
output.

Demand response and load management programs may also allow demand to better respond to
increased variability in supply occasioned by a greater number of renewable power sources connected
to the grid. In general, these programs have the potential to significantly reduce the electrical power
system’s reliance on traditional generation facilities, if they are introduced on a large enough scale.

Distributed Generation

Distributed generation refers to any local generation that is controlled by an electrical power customer.
Examples include a wind turbine or solar panel on a residential customer’s roof, or even a large
industrial facility with onsite power generation. A distributed generation site will sometimes consume
power from the grid; at other times, when its total generation exceeds its own consumption
requirements, it will reverse the normal flow of electricity to its location and provide power back to the
grid.

Because the existing grid was not desighed to accommodate distributed generation, Smart Grid
technologies could facilitate the integration of distributed generation into the electrical power system
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on a large scale. In the future, having a large number of smaller generation facilities connected to the
grid may increase system reliability by reducing the probability of widespread generation failure.
Including more generation at the point of consumption also will reduce transmission losses and free up
transmission capacity for new renewable power sources to connect to the grid. These effects will reduce
the need for new transmission lines and will also place downward pressure on consumer delivery costs.

Another benefit of distributed generation is that distributed generation facilities that use variable
resources and are located across a wide geographic area smooth the effects of local changes in resource
availability. This characteristic of distributed generation may be particularly important for wind power.
Other ways of managing wind power variability include combining wind facilities with energy storage or
with a complementary power source such as a quick-start generator.

Delaware Electric Cooperative

Delaware Electric Cooperative (DEC) is a distribution cooperative that serves more than 75,000 members in Kent and
Sussex County, DE. In addition to offering a green power option to its members, DEC administers an independent
renewable energy fund.

Through this fund, DEC members can apply for grants to offset the cost of new, small-scale, distributed renewable
energy projects such as wind turbines, geothermal heaters, or photovoltaic solar panels. Grants are also available for
energy efficiency and demand-side management projects. In the first year of the fund, DEC received applications for
more than 20 geothermal heat pumps and two solar energy projects.

Orcas Power & Light Cooperative

Orcas Power & Light Cooperative (OPALCO) is a cooperative that provides electric power to San Juan County, WA. San
Juan County encompasses an archipelago of 20 islands off the coast of Washington State. Roughly 85 percent of the
power OPALCO distributes to its members is hydropower purchased from Bonneville Power Administration (BPA) and
delivered to the islands by submarine transmission lines. The remaining power comes from coal-fired plants, member-
owned renewable energy systems, and wind power purchased through OPALCO's green pricing program.

OPALCO helps its members/customers connect small renewable energy projects to the grid, including solar, wind, and
microhydro generators, as well as electric cars. Projects must meet OPALCO's interconnection standards and must have
a capacity of 200 kW or less. Members who choose to install such systems can opt either for Net Metering or for an
agreement through which they are paid for any power they generate in excess of their own demand.

OPALCO also administers an incentive program for members that choose to install small renewable energy systems.
Generally, it provides members with $1.50 per watt of capacity, up to a maximum of $4,500 per member. In 2010, the
fund had $25,000 at its disposal.

Energy Storage
Energy storage can be used for a number of different applications, including improving power quality,
managing peak loads, supporting renewables, and deferring transmission upgrades. Since energy
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storage enables one to decouple power generation and consumption, it is particularly useful for
renewable power sources that are variable and/or intermittent, such as wind or solar.

Intermittent renewable power sources like wind turbines are often paired with second type of
generation, such as natural gas turbines. This second type of generation is used to provide backup
power during lapses in renewable generation. High-power storage technologies could be used to
smooth the power output of such pairings by providing power during transitions between generators.

The electrical power supplied by intermittent and variable renewable power sources does not always
line up with demand. High-volume energy storage technologies can mitigate this mismatch between
supply and demand by storing power from renewable sources whenever it is generated and dispatching
it during periods of high demand. Such technologies can also be used to generally smooth the output of
variable renewable power sources, so they require less grid capacity and can dispatch power more
reliably. In these ways, energy storage may improve the cost-effectiveness of renewable generation.

By improving power quality and reducing peak demand, energy storage technologies enable more
efficient use of existing transmission infrastructure. Additionally, they provide system operators greater
flexibility when incorporating new power sources on the grid. Such improved efficiency and flexibility
make more transmission capacity available for new renewable power sources. By decoupling generation
and consumption, storage technologies also allow renewable generators to better avoid transmission
congestion charges, further improving their cost-effectiveness.

Another use of high-energy storage technologies is to defer upgrades to transmission (or distribution)
infrastructure. In such cases, an energy storage device is typically installed near the site where upgrades
are needed. The device can reduce the loading on the existing infrastructure during times when the
infrastructure is heavily loaded, thereby temporarily fulfilling needs that may ultimately be met by
future transmission (or distribution) upgrades.
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Table 8. Energy storage technologies Source: ESA.

Storage Main Advantages Disadvantages Power Energy
Technologies (relative) [Relative) Application | Application
Purnped High Capacity, Low Special Site
Storage iZost Reguirernent
CAES High Capacity, Low Special Site

Cost
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Flow Batteries:

High Capacity,
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PSBE Independent Power 0
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Metal-Ajr Vary High Energy Electric Charging is
Denszity Difficult
Has High Power & Energy Praduction Cost,
Densities, Safety Concerns
High Efficiency (addressed in
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Efficiency Raquires Special
Charging Circuit
Hi-cd High Power % Energy

Densities, Efficiency

Other Advanced

High Power & Energy

High Production
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Batteries Densities, Cost
High Efficiency
Lead-fcid Low Capital Cost Lirmited Cyele Life
when Deaply
Discharged
Flywheels High Pawer Low Energy density
SMES, DEMES High Power Low Energy Density,

High Production
Cost

E.Z, Capacitors

Long Cycle Life,
High Efficiency

Low Energy Density

=

CAES - Compressed air energy storage

DSMES - Distributed superconducting magnetic energy storage
E.C. capacitors - Electrochemical capacitors

Li-ion - lithium-ion battery

NaS - Sodium-sulfur battery

Ni-Cd - Nickel-cadmium battery

PSB - Polysulfide bromide battery

SMES - superconducting magnetic energy storage
VRB - Vanadium redox battery

ZnBr - Zinc-bromine battery

Most energy storage technologies are suitable for either high-power or high-energy applications, but not
both. The types of application for which existing energy storage technologies are best suited can be seen
in Table 8. A fully shaded circle indicates that a technology is fully capable and reasonable for a given
application; a half-shaded circle indicates that a technology is reasonable, but not ideal, for a given
application; and an unshaded circle indicates that a technology is not practical or economical for a given
application.

In Table 8, CAES refers to a specialized gas turbine system that uses compressed air to store energy
during off-peak hours. A polysulfide bromide battery (PSB) is a fuel-cell-based energy storage
technology. Vanadium redox (VRB), zinc-bromine (ZnBr), sodium-sulfur (NaS), lithium-ion (Li-ion) and
nickel-cadmium (Ni-Cd) batteries are several kinds of advanced battery systems. Superconducting
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Magnetic Energy Storage (SMES) and Distributed SMES (DSMES) systems use the magnetic field in a
cryogenically frozen superconductor to store energy.

High-power applications include those that improve power quality and that provide power during
transitions between generators. High-energy applications manage energy over longer periods of time,
such as peak load management, intermittent renewables support, and transmission upgrade deferral.

When selecting an energy storage technology, a number of factors must be considered. These include
size and weight, capital costs, lifetime efficiency, and per-cycle cost. For applications that include
frequent charge and discharge, such as many of those that support renewables, per-cycle cost is often a
good measure of application cost. This cost should be calculated in a manner that includes operations
and management costs as well as replacement, disposal, and other ownership costs. These figures are
not always known for newer technologies.

More information on energy storage technologies is available from the Electricity Storage Association
(http://www.electricitystorage.org/).
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Future Electricity Demand

This section contains regional and national electricity demand projections. All data for the regional
demand forecasts are from the EIA Annual Energy Outlook 2010 reference case
(http://www.eia.doe.gov/oiaf/aeo/). Additional data on population and employment are from the USDA
Economic Research Service (ERS), the U.S. Census Bureau, and the U.S. Bureau of Labor Statistics.

Regional Demand Forecasts
A map of the 13 regions used below for regional demand forecasts is displayed in Figure 51. These

regions are adapted from the 2004 North American Electric Reliability Council (NERC) regions and sub-
regions.

3

8

1. East Central Area Reliability Coordination 8. Florida Reliability Coordinating Council (FL)
Agreement (ECAR) 9.Southeastern Electric Reliability Council (SERC)

2 Electric Reliability Council of Texas (ERCOT) 10.Southwest Power Pool (SPP)
3 Mid-Atlantic Area Council (MAAC) 11. Northwest Power Pool (NWP)
4. Mid-American Interconnected Network (MAIN) 12.Rocky Mountain Power Area, Arizona, New
5. Mid-Continent Area Power Pool (MAPP) Mexico, and Southern Nevada (RA)

6. New York (NY) 13. California (CA)
7.New England (NE)

Figure 51. Map of regions used for electricity demand forecasts. Source: EIA Annual Energy Outlook (2009).
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East Central Area Reliability Coordination Agreement

A regional demand forecast for the East Central Area Reliability Coordination Agreement can be seen in

Figure 52.
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Figure 52. East Central Area Reliability Coordination Agreement projected electricity demand, 2007-2035. Data: EIA

"The transportation band in Figure 52 is quite thin. The data are in Table 9.
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Table 9. East Central Area Reliability Coordination Agreement projected electricity demand, 2007-2035 (billion kWh). Data:

EIA (December 2009).

Sector 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021
Residential 180.95 174.72 177.50 180.91 181.99 183.00 179.87 179.57 180.09 181.18 181.82 183.25 185.12 186.86 188.12
Commercial/Other  155.42 163.08 163.17 168.12 173.90 177.00 178.12 179.68 181.76 183.91 186.16 188.58 191.15 193.53 195.91
Industrial 201.31 190.76 173.17 173.00 183.69 192.51 198.64 202.20 204.13 205.51 207.12 209.07 211.11 212.22 211.98
Transportation 0.85 0.86 0.87 0.87 0.88 0.90 0.92 0.94 0.97 1.00 1.03 1.06 1.10 1.14 1.18

Total Sales 538.53 529.42 514.70 522.89 540.45 553.41 557.55 562.39 566.95 571.61 576.12 581.96 588.47 593.75 597.19
2007-

2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2035

189.74 191.42 193.59 195.09 197.25 199.30 201.59 202.64 204.12 205.59 207.50 208.51 209.98 211.56 0.71%

198.31 200.73 203.11 205.85 208.74 211.62 214.47 217.15 219.75 222.41 225.08 227.85 230.52 233.31 1.34%

211.23 210.79 211.10 211.81 212.31 212.52 212.38 212.03 211.84 211.69 211.35 211.32 211.20 211.42 0.38%

1.22 1.28 1.33 1.38 1.44 1.51 1.57 1.64 1.71 1.78 1.85 1.92 1.99 2.06 3.27%

600.50 604.23 609.13 614.14 619.74 624.95 630.02 633.46 637.42 641.47 645.78 649.60 653.69 658.35 0.81%
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Electric Reliability Council of Texas

A regional demand forecast for the Electric Reliability Council of Texas can be seen in Figure 53.
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Table 10. Electric Reliability Council of Texas projected electricity demand, 2007-2035 (billion kWh). Data: EIA (December

2009).

Sector 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021
Residential 108.12 111.07 114.45 114.50 117.39 118.23 116.75 116.83 117.34 118.11 118.76 119.98 121.40 122.72 123.71
Commercial/Other 89.12 91.20 94.94 96.16 100.40 101.65 102.47 103.59 105.08 106.48 107.91 109.63 111.51 113.23 115.00
Industrial 86.43 83.01 75.08 71.90 74.90 78.36 79.55 80.39 80.94 81.25 81.48 82.05 82.90 83.10 82.85
Transportation 0.07 0.07 0.08 0.08 0.08 0.08 0.08 0.09 0.10 0.11 0.12 0.13 0.14 0.16 0.17

Total Sales 283.74 285.35 284.55 282.64 292.77 298.33 298.85 300.90 303.45 305.95 308.27 311.78 315.95 319.20 32173,
2007-

2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2035

124.88 126.07 127.47 128.46 129.78 131.07 132.51 133.15 133.95 134.66 135.67 136.26 137.27 138.33 0.82%

116.70 118.46 120.14 121.90 123.67 125.43 127.15 128.71 130.18 131.63 133.09 134.69 136.44 138.29 1.55%

82.19 81.82 81.93 81.88 81.75 81.62 81.23 80.71 80.56 80.05 79.54 79.21 78.90 78.60 -0.20%

0.19 0.22 0.24 0.27 0.29 0.33 0.36 0.39 0.43 0.46 0.50 0.54 0.58 0.62 8.30%

323.96 326.57 329.77 332.50 335.50 338.45 341.24 342.96 345.11 346.81 348.80 350.70 353.19 355.84 0.82%
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Mid-Atlantic Area Council

A regional demand forecast for the Mid-Atlantic Area Council can be seen in Figure 54.
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Figure 54. Mid-Atlantic Area Council projected electricity demand, 2007-2035. Data: EIA (December 2009). :

"The transportation band in Figure 54 is quite thin. The data are in Table 11.

Table 11. Mid-Atlantic Area Council projected electricity demand, 2007-2035 (billion kWh). Data: EIA (December 2009).

Sector 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021
Residential 104.49 102.03 101.63 102.97 104.42 104.78 102.57 102.31 102.60 103.23 103.72 104.64 105.85 106.93 108.34
Commercial/Other  120.64 120.34 118.35 121.05 125.34 126.74 127.01 127.96 129.43 130.84 132.10 133.39 134.87 136.21 137.51
Industrial 58.57 55.03 48.94 47.78 50.95 53.18 54.82 55.56 55.90 56.14 56.58 57.07 57.58 57.79 57.50
Transportation 1.90 1.90 1.95 1.94 1.95 1.98 1.99 2.03 2.07 2.12 2.16 2.20 2.25 2.31 2.36

Total Sales 285.61 279.30 270.87 273.74 282.67 286.68 286.40 287.86 290.01 292.33 294.56 297.31 300.55 303.24 305.70,
2007-

2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2035

109.43 110.54 112.00 113.04 114.39 115.67 117.05 117.65 118.53 119.37 120.48 121.08 122.01 122.99 0.69%

138.86 140.21 141.61 143.24 144.86 146.44 147.91 149.12 150.35 151.53 152.70 153.96 155.24 156.61 0.98%

57.05 56.74 56.67 56.75 56.72 56.54 56.26 55.91 55.66 55.33 55.01 54.86 54.78 54.87 -0.01%

2.41 2.48 2.53 2.59 2.65 2.71 2.77 2.84 2.91 2.97 3.04 3.10 3.17 3.23 1.98%

307.75 309.97 312.80 315.62 318.62 321.35 323.98 325.53 327.45 329.21 331.23 333.01 335.20 337.70 0.71%
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Mid-America Interconnected Network

A regional demand forecast for the Mid-America Interconnected Network can be seen in Figure 55.
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Figure 55. Mid-America Interconnected Network projected electricity demand, 2007-2035. Data: EIA (December 2009). !

"The transportation band in Figure 55 is quite thin. The data are in Table 12.

Table 12. Mid-America Interconnected Network projected electricity demand, 2007-2035 (billion kWh). Data: EIA (December

2009).

Sector 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021
Residential 83.82 80.45 81.91 84.16 84.41 84.87 83.36 83.16 83.33 83.80 84.08 84.75 85.60 86.40 86.93
Commercial/Other 90.85 95.40 96.20 99.16 102.15 103.86 104.53 105.40 106.53 107.74 109.04 110.46 111.94 113.30 114.68
Industrial 83.36 79.29 72.73 73.18 77.99 81.87 84.68 86.36 87.30 88.03 88.80 89.72 90.69 91.28 91.35
Transportation 0.26 0.27 0.26 0.26 0.26 0.27 0.28 0.29 0.30 0.31 0.33 0.34 0.35 0.37 0.38

Total Sales 258.29 255.41 251.10 256.76 264.81 270.87 272.86 275.21 277.47 279.88 282.25 285.27 288.58 291.35 293.34
2007-

2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2035

87.65 88.41 89.43 90.13 91.17 92.14 93.23 93.75 94.46 95.17 96.06 96.54 97.23 97.95 0.73%

116.04 117.43 118.79 120.38 122.06 123.75 125.42 127.00 128.53 130.09 131.64 133.27 134.83 136.43 1.33%

91.22 91.11 91.34 91.76 92.08 92.30 92.38 92.39 92.41 92.70 92.68 92.78 92.91 93.08 0.60%

0.40 0.43 0.45 0.47 0.50 0.53 0.56 0.59 0.62 0.65 0.68 0.71 0.74 0.77 4.00%

295.31 297.38 300.01 302.74 305.81 308.71 311.58 313.73 316.02 318.61 321.06 323.30 325.72 328.24 0.93%

90



Mid-Continent Area Power Pool

A regional demand forecast for the Mid-Continent Area Power Pool can be seen in Figure 56.
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2008
2009
2010

-
- o
o o
N N

2013
2014

2015

2016
2017

2018
2019

2020
2021

2022

2023
2024

2025
2026

kWh — kilowatt-hour

2027
2028

"The transportation band in Figure 56 is quite thin. The data are in Table 13.

2029
2030
2031

2032
2033

2034
2035

B Transportation

© Industrial

B Commercial/Other

B Residential

Table 13. Mid-Continent Area Power Pool projected electricity demand, 2007-2035 (billion kWh). Data: EIA (December 2009).

Sector 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021
Residential 59.49 59.56 54.12 55.68 55.31 5575 54.93 54.96 55.22 55.73 56.11 56.73 57.48 58.23 58.78
Commercial /Other 52.94 53.74 48.86 49.56 50.15 50.55 50.83 51.22 51.75 52.36 52.99 53.68 54.39 55.06 55.75
Industrial 56.98 57.07 47.05 47.75 50.81 53.19 54.91 55.94 56.53 57.03 57.50 58.06 58.67 59.04 59.22
Transportation 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.06 0.06 0.07 0.07 0.08 0.08 0.09 0.10

Total Sales 169.46 170.42 150.07 153.04 156.32 159.52 160.72 162.17 163.56 165.18 166.68 168.54 170.61 172.42 173.85,
2007-

2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2035

59.44 60.15 61.07 61.76 62.65 63.51 64.45 65.01 65.69 66.30 67.03 67.51 68.19 68.82 0.54%

56.44 57.17 57.92 58.74 59.58 60.43 61.26 62.07 62.86 63.62 64.35 65.16 65.97 66.74 0.81%

59.26 59.15 59.30 59.56 59.78 59.90 59.96 60.06 60.01 60.69 60.64 60.75 61.08 61.19 0.26%

0.11 0.12 0.13 0.14 0.16 0.17 0.19 0.20 0.22 0.23 0.25 0.27 0.28 0.30 6.53%

175.25 176.59 178.42 180.21 182.16 184.00 185.86 187.34 188.77 190.85 192.28 193.69 195.53 197.04 0.54%
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Northeast Power Coordinating Council/New York

A regional demand forecast for the Northeast Power Coordinating Council/New York can be seen in

Figure 57.
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Figure 57. Northeast Power Coordinating Council/New York projected electricity demand, 2007-2035. Data: EIA (December

2009).”

"The transportation band in Figure 52 is quite thin. The data are in Table 14.

Table 14. Northeast Power Coordinating Council/New York projected electricity demand, 2007-2035 (billion kWh). Data: EIA

(December 2009).

Sector 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021
Residential 5171 4972 5058 5151 5238 5241 5109  50.81 5083 5101 5116 5153 5204 5248  53.22
Commercial/Other 7254 7187 7246 7456 7744 7812 7819 7863 7937 7999 8049 8100  8.60 8211 8258
Industrial 2372 2195 2010 1953 2097 2192 2267  23.00 2315 2327 2348 2371 2395 2406  23.94
Transportation 1.44 1.42 1.49 1.48 1.49 151 1.52 155 1.58 161 165 168 171 175 179

Total Sales 149.42 14496 14463 147.09 15229  153.97  153.47 _ 153.98  154.93  155.88 15677  157.92 15931  160.41 _ 161.54
2007-

2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2035

5369 5416 548 5529 5590 5646  57.05  57.25  57.60  57.92 5839 5859 5895 5934  0.66%

8308 8355 8407 8474 839 800 851 8.8 8714 8743 8769 8801 8833 8872  078%

2376 2363 2361 2366 2366 2359 2347 2333 2323 2310 2297 292 2290 2298  017%

1.83 1.87 191 1.95 1.99 2.03 2.07 212 2.16 2.20 2.25 2.29 233 237 1.9%

16236 163.22 16441 16564 16694  168.08  169.11  169.52 17013  170.65 17130 17181 17251  173.40 _ 0.67%
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Northeast Power Coordinating Council/New England

A regional demand forecast for the Northeast Power Coordinating Council/New England can be seen in

Figure 58.
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Figure 58. Northeast Power Coordinating Council/New England projected electricity demand, 2007-2035. Data: EIA
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"The transportation band in Figure 58 is quite thin. The data are in Table 15.
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Table 15. Northeast Power Coordinating Council/New England projected electricity demand, 2007-2035 (billion kWh). Data:

EIA (December 2009).

Sector 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021
Residential 4771 4574 4668 4720 4926 4954 4852 4334 4845 4388 4941 5013 5091 5165 5225
Commercial/Other ~ 56.84 5532  47.97 5178 5650 5999 6025 6061 6122 619 6271 6346 6420 6490 6562
Industrial 2311 2142 1951 1942 2085 2183 2258 2291 2308 2325 2345 2370 2398 2410  24.00
Transportation 0.24 021 0.28 027 0.27 027 026 0.27 0.29 0.30 032 0.33 0.35 037 0.39

Total Sales 127.89 12270 11446 _ 118.66 12688 13164 13161 13213  133.04 13439 13588  137.62  139.45 14102 _ 142.26,
2007-

2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2035

5297 5372 5469 5541 5629 5711  57.97 5848 5911  59.72 6049  60.98 6166 6237  115%

6629 6694 6764 6846 6929 7005 7077 7144 7205 7262 7320 7383 7452 7519  114%

2381 2367 2365 2370 2369 2362 2351 2335 2326 2312 2299 294 229 2300  026%

0.41 0.44 0.47 0.49 0.52 055 0.57 0.60 0.63 0.66 0.69 0.72 0.75 077 4.89%

143.49 14478 14644 148.06 14979 15132 15283  153.87 15505 15612 15738 15847  159.85 16132 _ 1.02%

93



Florida Reliability Coordinating Council

A regional demand forecast for the Florida Reliability Coordinating Council can be seen in Figure 59.
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Figure 59. Florida Reliability Coordinating Council projected electricity demand, 2007-2035. Data: EIA

"The transportation band in Figure 59 is quite thin. The data are in Table 16.

Table 16. Florida Reliability Coordinating Council projected electricity demand, 2007-2035 (billion kWh)

B Transportation

© Industrial

B Commercial/Other

B Residential

(December 2009). !

. Data: EIA (December

2009).

Sector 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021
Residential 112.11 109.64 114.03 114.23 115.16 116.24 114.84 115.30 116.23 117.59 118.62 120.06 121.85 123.57 124.90
Commercial/Other 89.96 88.40 90.02 90.98 93.65 95.13 95.59 96.64 98.16 99.81 101.41 103.07 104.93 106.69 108.46
Industrial 15.56 14.64 13.31 13.19 13.75 14.29 14.58 14.73 14.80 14.82 14.87 14.94 15.01 15.02 14.94
Transportation 0.23 0.24 0.24 0.24 0.25 0.25 0.26 0.27 0.27 0.28 0.29 0.30 0.31 0.33 0.34

Total Sales 217.87 212.91 217.60 218.64 222.81 225.91 225.27 226.94 229.46 232.50 235.19 238.38 242.10 245.61 248.64 ,
2007-

2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2035

126.53 128.17 130.09 131.54 133.35 135.14 137.14 138.33 139.76 141.13 142.81 143.95 145.50 147.06 1.09%

110.27 112.16 114.05 116.08 118.13 120.18 122.24 124.22 126.19 128.14 130.11 132.17 134.26 136.38 1.62%

14.81 14.73 14.70 14.68 14.65 14.60 14.52 14.43 14.34 14.25 14.16 14.09 14.04 13.99 -0.17%

0.36 0.38 0.40 0.42 0.45 0.48 0.50 0.53 0.57 0.60 0.63 0.67 0.70 0.73 4.29%

251.98 255.44 259.24 262.72 266.58 270.40 274.40 277.51 280.86 284.12 287.71 290.88 294.49 298.16 1.26%
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Southeastern Electric Reliability Council

A regional demand forecast for the Southeastern Electric Reliability Council can be seen in Figure 60.
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Figure 60. Southeastern Electric Reliability Council projected electricity demand, 2007-2035. Data: EIA (December 2009). !

"The transportation band in Figure 60 is quite thin. The data are in Table 17.

Table 17. Southeastern Electric Reliability Council projected electricity demand, 2007-2035 (billion kWh). Data: EIA

(December 2009).
Sector 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021
Residential 327.08 32602 323.23 32390 32597 32877 32502 32610 32845 33187 33424  337.84 34238 34684  350.17
Commercial/Other 26253 26220  256.04  259.07 26709 27124 27290 27591  280.06  284.46 28873 29326 29828  303.05  307.89
Industrial 25480 24390 212,63 20927 21822  227.09 23147  233.87 23510 23562 23637 23761  239.06 23932 23818
Transportation 0.54 0.56 0.54 0.55 0.56 057 0.59 0.61 0.64 0.66 0.69 0.72 0.76 0.80 0.84
Total Sales 845.04 83267 79244 79279 81183  827.67  829.98 83650  844.26  852.61  860.03  869.42 _ 880.48  890.02  897.08,

2007-

2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2035
354.29 358.49 363.48 367.14 371.77 376.36 381.47 384.31 387.81 391.12 395.31 397.98 401.75 405.61 0.81%
312.83 317.95 323.05 328.46 333.93 339.44 344.93 350.19 355.39 360.54 365.76 371.22 376.77 382.43 1.41%
236.22 234.98 234.63 234.44 234.01 233.26 232.08 230.61 229.52 228.14 226.62 225.67 224.79 224.05 -0.31%
0.90 0.98 1.04 111 1.19 1.28 137 1.46 1.57 1.67 1.77 1.88 1.99 2.09 5.03%
904.23 912.41 922.20 931.15 940.91 950.34 959.85 966.57 974.28 981.47 989.46 996.75 1005.30  1014.18 0.73%
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Southwest Power Pool

A regional demand forecast for the Southwest Power Pool can be seen in Figure 61.
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Figure 61. Southwest Power Pool projected electricity demand, 2007-2035. Data: EIA (December 2009). :

"The transportation band in Figure 61 is quite thin. The data are in Table 18.

Table 18. Southwest Power Pool projected electricity demand, 2007-2035 (billion kWh). Data: EIA (December 2009).

Sector 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021
Residential 67.90 69.03 67.99 68.73 69.65 70.17 69.25 69.32 69.64 70.19 70.63 71.40 72.30 73.16 73.80
Commercial /Other 71.35 72.54 71.79 72.74 74.98 75.79 76.34 77.11 78.12 79.15 80.21 81.42 82.72 83.92 85.15
Industrial 53.49 52.12 45.75 44.76 46.96 49.11 50.17 50.84 51.25 51.55 51.81 52.22 52.75 52.96 52.92
Transportation 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.06 0.06 0.07 0.07 0.08 0.09 0.10 0.11

Total Sales 192.80 193.73 185.57 186.28 191.65 195.12 195.81 197.32 199.08 200.96 202.72 205.12 207.85 210.13 211.99,
2007-

2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2035

74.57 75.36 76.34 77.05 71.97 78.87 79.87 80.39 81.02 81.59 82.32 82.79 83.50 84.21 0.74%

86.36 87.61 88.85 90.16 91.49 92.80 94.10 95.31 96.47 97.60 98.72 99.95 101.25 102.56 1.29%

52.69 52.52 52.62 52.71 52.75 52.74 52.63 52.48 52.41 52.49 52.31 52.25 52.29 52.27 0.01%

0.12 0.14 0.15 0.17 0.19 0.20 0.22 0.25 0.27 0.29 0.31 0.34 0.36 0.38 8.05%

213.73 215.63 217.96 220.09 222.39 224.63 226.82 228.43 230.17 231.98 233.67 235.32 237.40 239.42 0.79%
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Western Electricity Coordinating Council/Northwest Power Pool Area

A regional demand forecast for the Western Electricity Coordinating Council/Northwest Power Pool Area

can be seen in Figure 62.
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Figure 62. Western Electricity Coordinating Council/Northwest Power Pool Area projected electricity demand, 2007-2035.
Data: EIA (December 2009).

"The transportation band in Figure 62 is quite thin. The data are in Table 19.

Table 19. Western Electricity Coordinating Council/Northwest Power Pool Area projected electricity demand, 2007-2035
(billion kWh). Data: EIA (December 2009).

Sector 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021
Residential 79.88 82.46 81.81 81.55 84.06 84.38 82.60 82.43 82.70 83.45 84.22 85.30 86.51 87.45 88.20
Commercial/Other 72.71 74.70 73.23 74.56 76.81 78.22 78.73 79.65 80.94 82.41 83.93 85.48 87.05 88.51 89.96
Industrial 68.64 67.10 63.10 62.14 64.25 66.32 67.66 68.35 68.84 69.28 69.73 70.28 70.89 71.25 71.23
Transportation 0.28 0.29 0.29 0.29 0.30 0.30 0.31 0.32 0.33 0.35 0.36 0.38 0.39 0.41 0.44

Total Sales 221.50 224.55 218.43 218.53 225.42 229.23 229.30 230.75 232.81 235.50 238.24 241.44 244.84 247.61 249.83
2007-

2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2035

89.19 90.24 91.66 92.66 93.84 94.93 96.19 96.93 97.88 98.82 99.96 100.66 101.65 102.67 0.82%

91.42 92.90 94.50 96.16 97.74 99.27 100.80 102.36 103.89 105.40 106.90 108.46 110.05 111.66 1.50%

71.00 71.16 71.46 71.82 7212 72.23 72.36 72.53 72.73 73.05 7339 73.92 74.58 75.64 0.44%

0.46 0.50 0.53 0.56 0.60 0.64 0.68 0.73 0.78 0.82 0.87 0.92 0.97 1.02 4.83%

252.06 254.80 258.15 261.20 264.30 267.07 270.02 272.55 275.28 278.10 281.12 283.97 287.26 290.99 0.96%
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Western Electricity Coordinating Council/Rocky Mountain Power Area and Arizona-New
Mexico-Southern Nevada Power Area

A regional demand forecast for the Western Electricity Coordinating Council/Rocky Mountain Power
Area and Arizona-New Mexico-Southern Nevada Power Area can be seen in Figure 63.
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Figure 63. Western Electricity Coordinating Council/Rocky Mountain Power Area and Arizona-New Mexico-Southern Nevada
Power Area projected electricity demand, 2007-2035. Data: EIA (December 2009).

"The transportation band in Figure 63 is quite thin. The data are in Table 20.

Table 20. Western Electricity Coordinating Council/Rocky Mountain Power Area and Arizona-New Mexico-Southern Nevada
Power Area projected electricity demand, 2007-2035 (billion kWh). Data: EIA (December 2009).

Sector 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021
Residential 72.37 72.75 68.47 69.28 71.36 71.86 70.88 71.21 71.82 72.75 73.65 74.79 76.03 77.07 77.93
Commercial /Other 70.08 71.43 67.30 68.76 7114 72.56 73.49 74.84 76.47 78.24 80.05 81.90 83.75 85.48 87.22
Industrial 43.63 42.37 38.04 37.12 38.45 39.74 40.60 40.98 41.21 41.47 4175 42.07 42.38 42.52 42.44
Transportation 0.06 0.06 0.06 0.06 0.06 0.06 0.07 0.07 0.08 0.09 0.09 0.10 0.11 0.12 0.14

Total Sales 186.14 186.61 173.87 175.23 181.01 184.23 185.04 187.10 189.58 192.55 195.54 198.87 202.28 205.20 207.74
2007-

2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2035

78.97 80.09 81.54 82.65 83.86 84.99 86.26 87.11 88.13 89.11 90.28 91.12 92.19 93.29 0.93%

88.96 90.73 92.63 94.58 96.41 98.16 99.94 101.74 103.51 105.24 106.96 108.74 110.57 112.40 1.69%

42.26 42.40 42.64 42,93 43.14 43.25 43.39 43.58 43.71 44.05 44.42 44.83 45.44 46.42 0.34%

0.15 0.17 0.19 0.21 0.24 0.26 0.29 0.31 0.34 0.37 0.40 0.44 0.47 0.50 8.04%

210.34 213.39 217.00 220.37 223.64 226.66 229.87 232.75 235.69 238.77 242.05 245.13 248.67 252.61 1.13%
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Western Electricity Coordinating Council /California

A regional demand forecast for the Western Electricity Coordinating Council/California can be seen in

Figure 64.
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Figure 64. Western Electricity Coordinating Council/California projected electricity demand, 2007-2035. Data: EIA (December

2009).

"The transportation band in Figure 64 is quite thin. The data are in Table 21.

Table 21. Western Electricity Coordinating Council/California projected electricity demand, 2007-2035 (billion kWh). Data:

EIA (December 2009).

Sector 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021
Residential 852 8951 8725  8.38 8904  89.26 8706  8.61 8666  87.29 8795 839 9010  90.96 9163
Commercial/Other 12154 12406  118.82 12068 12400 12611 12641  127.33 12890 13079 13275 13477 1368 13873 14063
Industrial 4882  47.41 4365 4338 4482 4622  47.09  47.62 4804 4835 4865  49.04 4954 4987  49.94
Transportation 0.48 0.49 0.49 0.49 0.50 051 052 0.53 0.55 0.57 059 0.61 0.63 0.66 0.69

Total Sales 257.36 26147 _ 250.21 _ 250.93 25836 26210 26108 262.09 26414  267.00 _ 269.94 27333  277.10 28022 _ 282.88
2007-

2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2035

9254 9353 948 9579 9690 9794 9915  99.80 10068 10156 10264 10324 10415 10508  0.60%

14251 14445 14653 14874 15085 15291 15496  157.06  159.12 16115 16317 16528 167.44  169.63  1.17%

4984 4989 5001 5016 5033 5036 5036 5036 5048 5053 5055 5079 5097 5126  0.29%

0.72 077 0.81 0.85 0.90 0.96 1.01 1.07 113 1.19 1.26 132 1.39 145 4.09%

285.62  288.64  292.23 29554 29899 30217 30548 30829 31141 31443  317.61 32063 323.94 32742 _ 0.84%
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Entire United States

A regional demand forecast for the entire United States can be seen in Figure 65.
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Figure 65. U.S. total projected electricity demand, 2007-2035.
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Data: EIA (December 2009).

"The transportation band in Figure 65 is quite thin. The data are in Table 22.
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Table 22. U.S. total projected electricity demand, 2007-2035 (billion kWh). Data: EIA (December 2009).

Sector 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021
Residential 1392.24 1379.31 1376.42 1387.71 1407.30 1416.16 1393.52 1393.69 1400.13 1411.88 1421.22 1436.28 1454.58 1471.40 1485.12
Commercial/Other 1336.32  1352.45 1326.57 1354.74 1401.33  1424.87 1432.79 144655 1465.87 1486.34 1506.80 1528.56 1551.79  1573.43  1595.18
Industrial 1027.83 982.15 878.87 868.18 912.58 951.80 975.68 989.08 996.66 1002.03 1008.11 1016.07 1025.13 1029.18 1027.17
Transportation 6.49 6.56 6.69 6.66 6.74 6.86 6.96 7.13 7.36 7.57 7.81 8.06 8.34 8.65 8.98

Total Sales 3762.88 3720.47 3588.54 3617.29 3727.94 3799.70 3808.95 3836.46 3870.02 3907.82 3943.93 3988.97 4039.84 4082.66 4116.46
2007-

2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2035

1501.10 1517.64 153843 1553.47 1572.66 1591.12 1611.65 1622.58 1636.58 1649.98 1666.93 1677.25 1692.15 1707.45 0.79%

1617.00 1639.37 1662.07 1686.83 1711.61 1736.06 1760.17 1783.05 1805.39 1827.51 1849.61 1872.94 1896.69  1920.97 1.31%

1021.98 1019.25 1020.33 1022.53 1023.68 1023.23 1021.21 101841 1016.82 101591 1013.35 1013.07 1013.54 1015.58 0.12%

9.34 9.84 10.24 10.69 11.18 11.71 12.25 12.82 13.43 14.01 14.60 15.23 15.82 16.42 3.45%

4149.43  4186.09 4231.06 4273.52 4319.14 4362.12  4405.28 4436.86 4472.22  4507.41 454449 4578.49 4618.20  4660.41 0.84%
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As can be seen in Table 22, the strongest demand growth is in the commercial/other sector, with an
increase of nearly 600 billion kWh from 2007 to 2035, followed by the residential sector with a growth
of over 300 billion kWh over the same period. The share of the residential sector in total demand
remains roughly constant at 37 percent during this period. The commercial/other share increases from
about 36 percent to 41 percent, and the share of the industrial sector declines from 27 percent to 22
percent. In percentage terms, the strongest growth comes from the transportation sector, but due to an
extremely small initial base, the 3.45 percent annual growth for 2007-2035 still results in a total share of
demand that is only about one-third of 1 percent.

Summary of Future Regional Demand

Over the period 2007-2035, the highest rates of demand growth are expected to come from Florida (8)
and Rocky Mountain Power Area (12), which exhibit projected annual growth rates of 1.26 percent and
1.13 percent, respectively. Strong demand growth rates are also expected from the Western United
States (11, 13), Texas (2), and parts of the Midwest (4). These regions combined account for roughly half
of the total projected increase in national electricity demand.

Rural Development Potential

Rural development and electricity demand are closely related phenomena. As rural communities
experience economic growth, they will also be expected to experience growth in demand for electricity.
Economic growth, in turn, is closely related to growth in rural population and in rural employment
opportunities. Renewable energy projects can benefit rural communities both by creating new
employment opportunities, thereby stimulating economic activity, and by meeting the electricity
demand created by rural economic growth in general.

Rural Population Growth

Rural America experienced an increase in in-migration during the 1990s, after a period of slower
population growth in the 1980s. This increase was due to a number of factors, including high
immigration rates, high birth rates, and expansion of urban areas, which caused many commuters to
take up residence in rural areas adjacent to or near urban centers. Another important factor that
contributed to the growth in rural population during the 1990s was an influx of retirement-age baby
boomers into rural areas. This general trend is expected to continue, with the rural population of 55- to
75-year-olds increasing through 2020.
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Population change varies widely across
rural America

Nonmetro population change, 1990-2000
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Figure 66. Rural population change, 1990-2000. Source: USDA ERS.

This growth in rural population was not uniform across the United States, and some areas saw
significantly higher population growth than others. These differences can be seen in Figure 66, which
was prepared by the USDA Economic Research Service (ERS) in 2003.

The surge in rural population growth during the 1990s was not to last, however. With the exception of a
brief mid-decade increase, migration to rural areas decreased throughout the first decade of the 2000s.
Since the beginning of the decade, urban populations have grown twice as fast as rural ones. This is
generally because urban areas receive more international immigrants and have a higher rate of natural
increase. County-level data on population change for the years 2000-2009, analogous to that of Figure
66, can be found on the ERS website (http://www.ers.usda.gov/Data/Population/). As in the 1990s,
growth in rural population varied across the United States throughout the first decade of the 2000s.
Some counties did experience growth.

The recent decrease in net migration to rural areas has been somewhat offset by a rise in natural
increase. This rise is largely due to the children of the baby boom generation entering childbearing age.
This phenomenon is referred to as the “baby boom echo,” and will soon be exhausted—at which point
the rate of natural increase will likely fall once again. Note also that the rate of natural increase in urban
areas remains twice as high as that of rural areas.

Despite declining rural population growth, between 2004 and 2006 104,000 more people moved from
urban to rural areas than vice versa. This was a significant increase over previous years and was largely
driven by baby boomer retirees. After July 2006, this figure dropped to 34,000 people, a result of the
foreclosures that began in late 2006 and the economic recession that began in late 2007.

In general, patterns in rural population growth appear to be associated with certain county
characteristics. Counties with retirement and recreation facilities tend to exhibit significant growth.
Counties that contain or are located nearby urban centers tend to exhibit above-average growth. In
contrast, population loss is generally exhibited by counties that are located far from urban centers, or
whose economies are mostly dependent on agriculture.
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Rural Employment Opportunities

The rural economy of the United States has historically been built on three pillars: natural amenities,
natural resources, and low-cost land and labor for manufacturing. However, these three pillars have
provided less support to domestic rural economies in recent years. While natural amenities remain
critical to some rural economies, characteristics that are conducive to farming—such a