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Chapter 1. Executive Summary

The Executive Summary will discuss the distributed wind market potential from a domestic and
international perspective with greater confidence in the number of units installed for the
domestic market. The market potential discussion will be followed by a summary of information
provided in each chapter, including regions of market interest for both the domestic and
international market, key market and technical barriers, time-critical issues for market
development, technology adoption timeframe, and recommended areas of concentration.

Distributed wind energy systems provide clean, renewable power for on-site use and help relieve
pressure on the power grid while providing jobs and contributing to energy security for homes,
farms, schools, factories, private and public facilities, distribution utilities, and remote locations.
America pioneered small wind technology in the 1920s, and it is the only renewable energy
industry segment that the United States still dominates in technology, manufacturing, and world
market share.

The series of analyses covered by this report were conducted to assess some of the most likely
ways that advanced wind turbines could be utilized as an option to large, central station power
systems. Each chapter represents a final report on specific market segments written by leading
experts in each sector. As such, this document does not speak with one voice but rather a
compendium of different perspectives from the U.S. distributed wind field.

For this analysis, the U.S. Department of Energy (DOE) Wind and Hydropower Technologies
Program and the National Renewable Energy Laboratory’s (NREL’s) National Wind Technology
Center (NWTC) defined distributed applications as wind turbines of any size that are installed
remotely or connected to the grid but at a distribution-level voltage.

Distributed wind systems generally provide electricity on the retail side of the electric meter
without need of transmission lines, offering a strong, low-cost alternative to photovoltaic (PV)
power systems that are increasingly used in urban communities. Small-scale distributed wind
turbines also produce electricity at lower wind speeds than large, utility-grade turbines, greatly
expanding the availability of land with a harvestable wind resource. These factors, combined
with increasingly high retail energy prices and demand for on-site power generation, have
resulted in strong market pull for the distributed wind industry, which is poised for rapid market
expansion.

Seven market segments were identified for initial investigation. These market segments,
documented in this report, include small-scale remote or off-grid power; residential or on-grid
power; farm, business, and small industrial wind applications; and “small-scale” community
wind. A summary of the market for remote wind-diesel applications is also included in this
summary, although a full report was never completed. The remaining two market segments,
water pumping for large-scale irrigation and water desalination, are currently being assessed as
part of other program activities and are not included at this time. While some of these market
applications have existed for some time, others are just beginning to emerge as part of distributed
wind power. A short introduction to each of these assessments is provided below.

e Small-scale remote or off-grid power (residential or village): Supplying energy to
rural, off-grid applications in the developed and developing world. This market



encompasses either individual homes or small community applications and is usually
integrated with other components, such as storage and power converters and PV systems.

e Residential or on-grid power: Small wind turbines used in residential settings that are
installed on the house side of the home electrical meter using net metering to supply
energy directly to the home. Excess energy is sold back to the supplying utility.

e Farm, business, and small industrial wind applications: Supplying farms, businesses,
and small industrial applications with low-cost electric power. The loads represented by
this sector are larger than most residential applications, and payback must be equivalent
to similar expenditures (4 to 7 years). In many cases, businesses are not eligible for net
metering applications; thus the commercial loads must use most of the power from the
turbine.

e “Small-scale” community wind: Using wind turbines to power large, grid-connected
loads such as schools, public lighting, government buildings, and municipal services.
Turbines can range in size from very small, several-kW turbines to small clusters of
utility-scale multi-megawatt turbines. The key, defining factor is that these systems are
owned by or for the community.

e Wind/diesel power systems: Providing power to rural communities currently supplied
through diesel technology in an effort to reduce the amount of diesel fuel consumed. The
rising cost of diesel fuel and increased environmental concerns regarding diesel fuel,
transportation, and storage have made project economics more sensible.

e Irrigation water pumping: Using wind turbines to supply energy for agricultural
applications. Current applications are powered by grid electricity, diesel, gasoline,
propane, and particularly natural gas. Wind or hybrid systems allow farmers to offset use
of high-priced fossil fuels.

e Water desalination: Using wind energy to directly or indirectly desalinate sea or
brackish water using reverse osmosis, electrodialysis, or other desalination technologies.
The economic and technical performance of wind-powered desalination depends on the
configuration and placement of wind resource with regard to the impaired water and
existing energy resources. Water desalination works well with the wind resource found in
coastal or desert environments.

In these analyses, the DOE Wind and Hydropower Technology Program is assessing two new
segments that have not historically been classified under the distributed wind banner: farm/
commercial and the “small-scale” community wind market. Both of these markets struggle to
find commercial turbines to meet their needs, demonstrating opportunity for the development of
U.S. turbines.

These two emergent market segments combined with the existing small wind market result in
three conglomerated turbine capacities. The first is the residential and smaller business sector at
roughly 0 kilowatt (kW) to 100 kW capacity. The second sector is the farm/commercial market
sector that includes farm, industrial, and wind/diesel from 100 kW to 500 kW. The last market
sector for distributed wind is the “small-scale” community wind sector, which has been
estimated to be 500 kW to 1 megawatt (MW). Although not covered specifically within this
analysis, there is also likely a need to develop methodologies to lower the cost of power from
large, multi-megawatt turbines that are installed in distributed community applications. Further
hardware development in all of these sectors would help meet the desires of Americans to



provide their own electricity, whether for a residence, farm, or business in rural America where

zoning challenges are minimized.

This study identifies and describes how the distributed wind industry can overcome long-
standing barriers and play an important role (in the United States and the international arena) in
supplying power near the point of end use or behind the meter.

I. Summary of Market Potential

Authors were asked to conservatively assess the potential market size for the five market
segments in terms of the number of units expected to be installed in 5-year increments through
2020. Additionally, authors were asked to recommend the expected turbine size that would be
most applicable to meet the proposed markets. Figure E.1 shows an overview of the different
market segments, the kilowatt capacity of the turbines for each market segment, and the existing
turbines available within each distributed market segment.
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| Residential Power |

| Farm/Business/Ind Power |

| Wind/Diesel Power |

|“Small-Scale” Community Powel{

@ Refurbished
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Figure E.1. Overview of market segments and commercial wind turbines
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From a manufacturing perspective, the strongest market segment is turbines smaller than 10 kW
in size, with 20 domestic or internationally manufactured turbines to choose from. The number



of turbine choices between 20 kW and 100 kW is quite limited, and turbines between 100 kW to
1 MW are practically nonexistent.

It should be noted that the re-powering of wind farms in Europe and the United States has made
available re-manufactured turbines that are being used to supply many current distributed
applications. Although generally inexpensive compared to existing new turbine models, most of
these are based on significantly outdated technology. Turbine design, reliability, and energy
capture have been improved over the intervening time, resulting in current projects with reduced
energy capture than would be expected from projects with turbines incorporating current
technology and design practices.

Il. Summary of Domestic Markets for Distributed Wind Technologies

Teams of technical experts with knowledge of their market segments provided the market
projections summarized below. Each of these experts was asked to provide a conservative
estimate to ensure the report validity in retrospect. It should be noted that NREL did not attempt
to validate the expected market data from these market summary reports.

The benefits from distributed wind projects are minimized when quantified using total
megawatts of installed capacity, especially for the smaller distributed turbines. However, the use
of a simple number of units produced reduces the visibility of the mid-size turbines used in the
farm/commercial, wind/diesel, and “small-scale” community wind segments. For this reason, the
summary results are presented in terms of both the number of units and total installed capacity. It
should be noted that the estimates of the number of units and thus the total installed megawatts
are very rough and should only be considered in relative terms. The DOE Wind and Hydropower
Program is in the process of conducting more detailed market assessments for the segments that
show the most promise.

Table E.1 summarizes the cumulative number of expected domestic turbine sales over the five
market segments. Note that the table also presents the turbine size for each market segment.
Currently the largest sector in terms of the number of installed units is the small-scale remote or
off-grid power market segment. The majority of these off-grid units have a lower capacity, with
a typical turbine size in the range of a few kilowatts or less. All market segments combine to a
potential total of 680,000 installed units by the end of 2020.

There are several market niches within the domestic off-grid segment, specifically in Alaska and
Native American communities. An example is the Navajo Nation—approximately one-third of
the 250,000 people on the reservation lack electricity.

The estimated market growth across 15 years to 2020 is 11% per year for the small-scale remote
or off-grid market segment; 22% per year for the residential or on-grid segment; 48% across the
farm, business, and small industrial segment; 26% per year for the wind/diesel segment; and 23%
per year for the “small-scale” community segment.



Table E.1. Market Projections of Domestically Installed Units

Farm, Industrial & " Small Scale"
Off-grid Residential Business Community Wind/Diesel
Turbine Large: 250-400 kW

size | 300 W - 60 kW 1-25kW Net Bill: 10-60kW 100 - 1000 kW 100 - 300 kW
2005 125,700 1,800 20 150 65
2010 219,450 6,250 1,270 360 565
2015 455,450 14,000 4,270 1,010 1,565
2020 631,450 36,500 7,395 3,235 2,190

These data are shown graphically in Figure E.2. The off-grid market segment is excluded due to
its dominance of the graph, which reduces the reader’s ability to see the effects of other market
segments. With the off-grid data removed, the residential market segments show that on a unit-
production basis, residential leads the distributed market segment. From a manufacturing
standpoint, in which high volume can reduce cost, the high number of units should be attractive.

60,000
50,000
40,000
30,000
20,000
10,000

0 \ \
2005 2010 2015 2020

Year

Number of Units

O Residential @ Farm, Industrial & Business
B " Small Scale” Community B Wind/Diesel

Figure E-2. Market projections using number of units installed in the United States

Table E.2 and Figure E.3 show these same data based on the expected cumulative installed
domestic capacity of the turbines in these market segments. This figure provides a different view
of the markets in that although fewer turbines will be installed in either the farm or community
wind markets, their capacity (in terms of rated kilowatts) is much larger than the cumulative sum
of the smaller residential and off-grid market segments.

It should also be understood that the “small-scale” community wind market was arbitrarily
capped at a maximum turbine size of 1 MW. It is quite clear that a vibrant community wind
market exists that uses turbines greater than 1 MW in size, with multiple installations reaching
up to 20-MW sites. Further DOE market assessment activities will likely extend this size range



of turbines to be considered to include turbines up to 1.5 MW in size.

Table E.2. Projected Domestic Installed Capacity (MW) by Sector through 2020

Farm, Industrial & " Small Scale"
Year Off-grid Residential Business Community Wind/Diesel
Turbine Large: 325 kW
size 1 kW 12.5 kW Net Bill: 30 kW 750 kW 200 kW
Cumulative installed capacity (MW)

2005 126 23 4 113 13
2010 219 78 260 270 113
2015 455 175 875 758 313
2020 631 456 1,516 2,426 438

Table E.2 shows the market segment with the largest installed capacity as “small-scale”
community wind, followed by the farm, business, and small industrial market segment. Note that
the farm, business, and small industrial market segment shares the same size turbine capacity as
the wind/diesel market segment. Technological solutions would likely address both market
segments. And combining the total projected market capacity of the farm, business, and small
industrial segments results in approximately the same total as the “small-scale” community
segment.

To date, approximately 270 MW of community wind projects are installed in the United States,
representing $250 million in investment in rural communities. Of those, 110 MW would meet the
“small-scale” community wind definition of 1 MW or less. At least 440 MW of new community-
owned wind projects are in the advanced planning states in the United States; however, project
developers expect to utilize turbines larger than 1 MW for nearly all of this future capacity (due
to their better economics and availability).

Figure E.3 shows the total of all five market segments, resulting in 5.4 gigawatts (GW) of
projected capacity by the end of 2020.
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Figure E.3. Incremental domestic installed capacity by sector through 2020

A number of capacities were presented for each market segment, as shown in Tables E.1 and E.2.
Each market segment chapter provides a range of market potential for 2010, 2015, and 2020
(found in each chapter’s Summary Information Table). Based on those data, we evaluated the
total market potential assuming minimum values of capacity and market potential, /ikely values
of capacity and market potential (as shown in the above tables and figures), and the maximum
value of capacity and market potential. Figure E.4 shows the bars, which represent the /ikely
value of installed capacity in megawatts. The lines for each bar show the minimum and
maximum for future years.
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Figure E.4. Potential capacity variation for all domestic market segments

A large variation exists between the minimum and maximum value for the year 2020. This is due
to several factors, including uncertainty about the optimum turbine size for each market segment,
uncertainty in the removal of market barriers that are needed to propel the market forward, and
uncertainty in the technology cost and the competitiveness of new products in the marketplace.

lll. Summary of International Market for Distributed Wind Technologies

Although not the focus of this work, each of the market segment authors was asked to estimate
the international market for distributed applications. It should be noted that international market
information is notoriously difficult to measure, and the scope of these documents only allowed a
cursory investigation.

The international market is of special interest because unlike the market for large wind turbines,
U.S. small wind turbine manufactures currently hold a dominant market share. U.S.
manufacturers of small and distributed wind turbines represent the most diverse and
internationally recognized industry in this technology area.

Table E.3 provides a summary of the international market potential as identified in the market
segment reports. Note that the table also presents the turbine size for each market segment. The
largest sector in terms of installed megawatts is the community wind market segment.
Historically, the European Union has been the leader in community wind, with about 80% of all
the installed wind turbines considered community applications. This market is currently
estimated to be 8.2 GW of installed units under 1 MW.



In comparison to the domestic market, three international market items stand out. First, “small-
scale” community wind becomes a more dominant player in the world wind market, replacing
the substantially increased off-grid market. Second, wind/diesel applications become a stronger
market element. Finally, residential wind diminishes in importance. The off-grid market,
although not as large as “small-scale” community wind, still offers a huge potential. Although
most of this market potential is outside the developed world, China has a current installed
capacity of 170,000 mini wind turbines (60 to 200 W).

Table E.3. Cumulative Installed International Capacity in MW by Sector through 2020

Year Off-grid Residential Farm/Industrial/Bus Community Wind/Diesel
Turbine Large: 325 kW
size 5 kW 12.5 kW Net Bill: 30 kW 750 kW 200 kW
2005 2,361 14 0 8,250 10
2010 3,118 36 154 17,250 310
2015 6,275 99 410 40,125 1,810
2020 10,693 286 666 95,625 3,810

Table E.3 summarizes the cumulative capacity of expected international turbine sales over the
five market segments. Note that the table also presents the turbine size for each market segment
while Figure E.5 shows the expected number of installed units of each market segment,
excluding the off-grid or small-system segment, which is expected to grow at more than 150,000
units per year in 2020, and distorts the impact of the other market segments. The largest sector in
terms of the number of installed units is the off-grid or small-scale remote power market
segment; however, the majority of these off-grid units will have a lower capacity, with a typical
turbine size in the range of a few kilowatts or less. All market segments combine to a potential
total of almost 1,500,000 installed units by the end of 2020. The total year-over-year
international market grown is estimated at about 20%. It should be noted that due to the limited
data available to support these estimates, the range between minimum, likely, and maximum
values of capacity is quite large (Figure E.6).
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Figure E.5. Incremental international installed capacity by sector through 2020 without data for
off-grid or small-system segment (which is too large to show graphically)
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Figure E.6. Potential capacity variation for all international market segments

A robust market potential is estimated for the farm, business, and small industrial segment due to
strong economic policy (for example, the German “feed in” tariffs, in which high economic
value is given to the production of kilowatt-hours based in part on higher electricity rates). China
also has aggressive renewable energy goals, and there is already proven use of mini turbines.
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1V. Market-Based Barriers to the Distributed Wind Market

Through this market analysis, several market-based barriers were identified that hinder the
development of the distributed wind applications market. Unless otherwise noted, many of the
barriers, which are described in basic rank order of importance, were found to be casual factors
in multiple market segments.

e Technology not quite cost competitive: Although markets exist in which incentive
programs can be combined to give consumers 50% cost-sharing of their turbines, further
cost decreases through volume manufacturing will be needed to allow appropriate
payback periods for most American consumers. (Markets in which distributed wind
technologies are cost effective exist in Class 3 to 4 wind resource areas and locations
with high electricity costs, such as remote diesel stations.)

e Turbine availability: In the current market, turbines sized between 100 kW and 1 MW
to serve farm, business, small industrial, wind/diesel, and small-scale community loads
are not produced. There is also a shortage of turbines sized greater than 1 MW because of
pre-purchases by wind developers using the Production Tax Credit. There are also
opportunities for turbine development in the 5-kW to 15-kW range to meet needs in the
residential market segment.

e Zoning/permitting restrictions or complications: Zoning remains a large issue for
distributed applications, specifically for individual home or business owners seeking to
install a small wind turbine on their properties in suburban America. The permitting costs
and zoning requirements can greatly increase the overall cost, lead time, and complexity
of installing even the smallest wind turbine. In most locations across rural America,
zoning and permitting are not an issue for smaller turbines, but those locations don’t
typically have the incentives in place to compel the purchase of a distributed wind
turbine. Model zoning ordinances for mid-size turbines currently do not exist, and there is
a need for them. These ordinances should consider proper setback for sound levels and
safety, as well as avian and other wildlife issues.

e Interconnection to the grid, including standards and defined requirements: Turbine
grid interconnection is a complex issue that varies from state to state and generally from
utility service provider to service provider. This creates a number of complexities, both
from a technology perspective and an information outreach perspective. With such a wide
range of requirements, it’s almost impossible for the industry and other supporting
organizations to provide informative assistance to interested homeowners.

e Lack of consistent incentive policies across markets: The lack of clear, consistent, and
economically motivating incentives complicates and distorts markets for small wind
systems. More systematic market incentives, such as “feed in” tariffs, a national
investment tax credit for distributed wind applications, and state-based rebates for all
distributed applications would expand the technology adoption.

e Poor image due to past small wind experiences: The historical performance of some
distributed wind turbines has resulted in a somewhat persistent belief that small wind
turbines are noisy, unsafe, and unreliable. Outreach activities addressing previous market
issues and some of the largest preconceived notions of modern small wind turbines are
needed.
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V. Technical Barriers to the Distributed Wind Market

In addition to market barriers, technical barriers were also identified. A summary of these
barriers, all of which are discussed in greater length in each of the chapters, is provided.

Product reliability and performance: Turbine and system reliability, especially in
distributed applications where service personal are less readily available, hinder the
adoption of wind systems. Performance is typically over-predicted (usually due to a poor
understanding of the wind resource, the micrositing of the turbine system, and
insufficient tower heights).

Limited size choices using older designs: The limited number of commercial turbines
50 kW and greater, combined with non-optimized turbine efficiency and design, result in
missed market share. Many technological advances have been made on residential turbine
designs and multi-megawatt turbine designs, and these technological advances could be
applied to distributed turbines.

Availability of maintenance support: By definition, distributed applications will not be
installed in organized wind farms where field support is readily available. The lack of or
additional cost of field support undermines technology acceptance.

Lack of performance standards, testing, and ratings: The lack of industry-accepted
standards undermines the credibility of performance estimates for wind turbines. In many
cases, incentive organizations are unsure of which products to endorse and incent,
limiting the available product with good economic value.

Technologies for low-wind regimes: Most mid-size wind turbines used in the
distributed market were designed before recent advances in low-wind-speed technology.
However, a large number of sites where distributed applications will be applied are not in
high-wind-speed regimes and would receive the most advantage of low-wind-speed
designs.

Turbine noise: Although distributed turbines are becoming quieter with each successive
generation, some are still considered too noisy to be used in residential settings. Further
technical advances to reduce noise will allow turbines to operate in a wider variety of
settings.

Lightning susceptibility and grounding: The susceptibility of distributed wind turbines
to lightning and the cost of lightning protection increase the cost and technical
complexity of wind systems.

Grid interconnection and integration: The technical complexity and cost of
interconnection of small wind systems to the electric distribution grid require further
advancement, standardization, and testing. Distributing turbines through the use of more
sophisticated remote-monitored controllers can allow the turbine to support the weak
rural distribution systems, providing grid stability.

Tower options for larger wind systems: Most towers are currently designed around
wind turbines for central station wind farms. To allow for more cost-effective installation
and maintenance, distributed wind turbines must be developed with towers and systems
specifically designed for the distributed wind market, such as self-erecting towers or
lightweight, tall towers for small turbines in rural low-wind-speed applications.

Energy storage for remote power systems: Remote, non-grid-connected power and
water irrigation applications require some form of energy storage to supply consistent,
grid-quality electrical service. Energy storage is currently the highest life-cycle cost
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component of a remote power system. Improving the cost and technical performance of
energy storage will increase the applicability of wind-driven remote power systems.
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VII. Conclusion

Distributed wind technologies provide an avenue for Americans and people from across the
globe to economically take part in the determination of the world’s energy future. Until recently,
most of the world’s population was dependent on outside forces to provide energy services,
primarily through large central-station power generation. Although individuals with adequate
financial resources have been able to rely on personal energy sources, such as photovoltaic
panels or small fossil-fueled generators, these personal energy sources have been out of reach for
many. The dramatic reduction in the cost and availability of distributed wind technologies,
combined with new policy incentives in many parts of the world, has started to change this
dynamic. This report documents a substantial market for distributed wind 