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1997: THE YEAR IN REVIEW

January
The Electric Power Research Institute and the U.S. Department of Energy announced that the Utility Wind Turbine
Verification Program will expand into new areas of the country. Wind power plants in west Texas and Vermont
will be joined by new facilities in Alaska, lowa, Nebraska, New York, Oklahoma, Texas, and Wisconsin.

March
Engineers at the National Wind Technology Center completed certification tests for the first time in the United States
on two-U.S. turbines. Wind-turbine cettification is becoming increasingly important to sell turbines in world markets.

April
More than 200 participants from around the world attended a Village Power Workshop held in Washington, D.C.
The workshop: provided information on how wind energy can supply power fo the more than 2 billion people
who live in remote areas of the world without access to an electric grid.

May
Researchers at the National- Wind Technology Center installed and began testing the lightweight
Cannon Wind Eagle 300/30 turbine: The innovative Wind Eagle 300730 is the most flexible turbine in the world,
and it may revolutionize wind turbine design.

June
At the National Wind Technology Center, U.S. Secretary of Energy Federico Pefia and two U.S. companies
signed contracts for the design of innovative ufility turbines for the next century. The cost-shared contracts
are the largest in the history of the federal wind program.

More than 400 people attended the American Wind Energy Association’s annual Windpower conference in Austin, Texas.
This year’s conference was cosponsored by Green Mountain Power Corparation and the U.S. Department of Energy.
Hot topics included how U.S. electric utility restructuring and customer choice will affect wind energy,
international markets (wind energy is the world’s fastest growing energy technology), and turbine design improvements.

July
The Utility Wind Interest Group met above the Arctic Circle in Kotzebue, Alaska, for a business meeting and tour
of a wind/diesel hybrid system using three new Atlantic Orient Corporation AOC 15/50 wind turbines.
The system is demonstrating the use of wind technology in cold climates.

Enron Wind Corporation-began building the largest wind power plant in the Midwest near Lake Benton, Minnesata. Northern
States Power will purchase electricity from the 107-megawatt (MW} facility, scheduled far completion in 1998.

August
Green Mountain Power Corporation dedicated its new 6-MW wind power plant near Searsburg, Vermont.
The facility is the first wind power plant east of the Mississippi River.

September
PacifiCorp, the Eugene Water and Electric Board, and SeaWest Energy broke ground for a 41-MW wind plant in
Carbon County, Wyoming. The Bonnevilie Power Administration, which is part of the U.S. Depariment of Energy,
will buy nearly 40% of the power produced by the facility to offset reduced hydropower generation.

October
Public Service Company of Colorado announced that nearly 4,000 customers had signed up for Windsource.
Participants in the program will pay $2.50 extra for every 100 kilowatt-hours of electricity produced by the utility’s
10-MW Ponnequin Wind Facility, under construction near the Colorado-Wyoming state line.
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THE WORD THAT BEST DESCRIBES WIND POWER TODAY IS ADAPTABILITY.
This issue of “Wind Power Today” describes how, in a changing world, wind energy has
proven to be an adaptable electricity generation source, able to meet technical
challenges, succeed in harsh operating environments, and grow despite uncertainty in
the U.S. electric utility industry posed by restructuring. In 1997, utilities from Alaska to
Vermont used new wind turbines to make clean electricity for their customers, while
many utilities across the country measured their winds to see if they might be strong and
steady enough to power wind turbines. Worldwide, wind continued as the fastest grow-
ing energy technology in 1997; today wind energy markets top $1.5 billion a year. To
ensure that U.S. technology can meet new challenges and compete with the best in the
world, the U.S. Department of Energy’s (DOE’s) Wind Energy Program sponsors research
and development at the National Renewable Energy Laboratory (NREL) and Sandia
National Laboratories. The heart of DOFE’s program is NREL’s National Wind Technology
Center, respected worldwide for its turbine testing, research, and innovation. In 1997,
DOE and its labs helped U.S. utilities to adapt wind energy to meet their specific needs,
worked with industry to adapt turbine technology for tomorrow, and carried out basic
research. Despite the ever-changing physical, political, economic, institutional, and cul-
tural environment in which wind turbines operate, the ability of wind energy to keep

adapting and generating clean, low-cost electricity remains a constant.
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US. Wind Power Plant
Last 0][ the Mississippi

AS WHITE CLOUDS DRIFTED ACROSS THE BLUE SKY ABOVE SOUTHERN VERMONT,

Green Mountain Power Corporation celebrated the completion of the first wind power

plant east of the Mississippi River. During a warm August weekend, visitors from all over

the country were treated to the breathtaking view of eleven 550-kilowatt (kW) Z-40 wind

turbines towering above a horseshoe-shaped ridge near Searsburg. With black blades

glistening atop 129-foot tubular towers, the turbines looked more like visitors from the

future than a power plant. Exotic though they may be today, pollution-free wind power

facilities will likely be a familiar sight in the coming years.

On August 15, 1997, Green Mountain Power was
joined by Senators James Jeffords and Patrick Leahy,
Dan Reicher, U.S. Department of Energy (DOE), and
others in dedicating the 6-megawatt (MW) wind
power plant at Waldo Mountain. In honor of the
dedication, Dr. Howard Dean, Vermont’s governor,
proclaimed August 16th Wind Energy Day.

Two days before the dedication, Green Mountain
Power employees began a 120-mile road relay from
utility headquarters in South Burlington to the
power plant at Searsburg. Chief Executive Officer
(CEQ) Christopher Dutton and former CEO Douglas
Hyde ran two legs of the relay. A miniature wooden
wind turbine was passed through the hands of more
than two dozen other runners until Dorothy
Schnure, the company’s public relations director,
sprinted to the turbines on Saturday morning.
During the weekend, more than 1,000 people toured
the wind facility. And, nearby Wilmington held a fair
featuring wind energy exhibits, crafts, and games.

Those on the tour, most of whom were Vermont
residents, were thrilled that the new facility is pro-
viding pollution-free electricity to more than 2,000
homes. That's 14 million kilowatt-hours a year in
normal wind conditions. Because the utility won't
need to use fossil fuel to make that electricity,
Vermont will reduce its greenhouse-gas emissions
by 22 million pounds a year.

Green Mountain Power was careful to protect the
forest and local wildlife when it built the wind
power plant. Studies prior to construction showed
that relatively few trees would need to be removed
to build the facility and that the remaining trees
would have little impact on the winds available to
the turbines. Consequently, construction crews
cleared only 40 acres of the 280-acre site to build an
access road, erect transmission lines, install the tur-
bines, and build a substation. Except for the substa-
tion and road, the entire area will be aliowed to
“brush in” and return to its natural state.




Visitors to Green Mountain
Power Corporation’s wind
power plant near Searsburg
are treated to a breathtaking
view of 11 7-40 wind turbines
towering above a beavily
Jorested ridge.




Construction crews cut as few trees as possible to build the Searsburg wind power plant. Now that construction is complete, the area around the tu




ing allowed to “brush in” and return to its natural state.

To limit the impact of the wind facility on
wildlife, Green Mountain Power studied bear and
bird populations before, during, and after
construction. The utility also agreed to schedule
construction and maintenance to minimize their
effects on black bear habitat.

“We're confident the wind facility will have no
major impacts on bears, birds, or the environment,”
says John Saintcross, director of resource portfolio
management for Green Mountain Power. “The
forests here are a treasured commodity.” The warm
reception Vermonters gave the wind power plant is
a testament to the attention Green Mountain Power
paid to the environment and to public concerns
during planning and construction.

UTILITY WIND TURBINE VERIFICATION
PROGRAM HELPS UTILITIES EXPLORE
WIND POWER

The Searsburg facility is the second wind power
plant completed under the auspices of the Utility
Wind Turbine Verification Program (TVP) spon-
sored by DOE and the Electric Power Research
Institute (EPRD. The first facility was a 6.6-MW
facility built in 1995 in west Texas near Fort Davis
by Central and South West Services, Inc.

One of the turbine verification program’s goals
is to build a bridge between DOE’s wind turbine
development efforts and utilities considering using
wind to generate electricity. DOE helps U.S. com-
panies develop high-peiformance wind turbines
for global energy markets.

The turbine verification program helps utilities
understand the benefits and challenges of using
wind power by giving them the opportunity to
operate wind power plants. Utility managers
are not used to operating a wind power plant in
conjunction with other power generation sources.
Unlike fossil fuels, for instance, wind is an inter-
mittent resource that is not always available.
Figuring out how to capture the wind when it is
present and replace it with power from another
source when it disappears is a challenge. But
wind energy offers advantages that other power
plants do not, such as free fuel (the wind) and no
air emissions.

For Green Mountain Power and Central and
South West Services, the key issues in deciding to
build a wind power facility were financing and
finding the best technology. The turbine verifica-
tion program offered the utilities a way to get
hands-on experience with new wind technologies
without assuming undue financial risk. The
program also allowed the uiilities to obtain
technical support from the National Wind
Technology Center (NWTC).




Central and South West Services, Inc., operates a 6.6-MW
wind power plant in west Texas near Fort Davis. The facility
was the first of its kind completed as part of the turbine
verification program.

To build its facilities, Green Mountain Power
received $2.25 million from DOE and $1.73 million
from EPRI while Central and South West received
$1 million from DOE and $4.4 million from EPRI.
Both utilities are participating in three-year studies
of wind plant operations. For Green Mountain
Power, the financial support from the turbine veri-
fication program made it possible for the utility to
realize a long-standing dream of building a wind
power facility.

“For us, the TVP was a great opportunity,” says
Saintcross. “It was a natural fit. We’ve had an active
wind research program since the 1970s, and the TVP
allowed us to build a wind power plant sooner than
we otherwise would have. It was great timing.

“When the TVP was announced [in 1992], we
leapt at the chance to do a wind project in 2 harsh
climate,” he adds. “We knew the upper Midwest
would have ice and snow. What we’re learning in
Vermont will have value not just for us, but also for
wind development in the Midwest [with its extensive
wind resourcel.”

The machines used at Fort Davis were the first
12 comrnercial Z-40 turbines manufactured by Zond
Systems, Inc., of Tehachapi, California. Zord is a
subsidiary of Enron Wind Corporation, a subsidiary
of Enron Renewable Energy Corporation. The 11 tur-
bines installed at Searsburg brought the total num-
ber of installed commercial Z-40 turbines to 23. Like
many new technologies in the early stages of com-
mercialization, there have been problems to solve,
For instance, Zond learned an important lesson from
the Texas wind facility: Lightning can wreak havoc
with a wind turbine.

“The main construction of our wind power plant
occurred during the summer, which is our peak
lightning season,” says Brian Champion, former
renewable site supervisor for Central and South
West. “We had a generator on one turbine destroyed
by lightning before that turbine ever operated. That
was a little hint that something was not quite right.”

Even when the turbines were properly grounded,
lightning strikes occasionally damaged motors on
the turbine and knocked out communication links
between the turbines and the power plant’s opera-
tions center.

The turbine verification program offered Green Mountain
Power a chence to learn about wind generation in a wet, cold
climate. The lessons learned in Vermont are expected to
encourage Midwestern utilities to invest in wind power.




HOW THE Z-40 WIND TURBINE MAKES ELECTRICITY

The Z-40 has three blades that are
each nearly. 64 feet long—about the
height of a four-story - building.” When
attached to a central hub, they form the

turbine rotor, an essential component for -

generating electricity from the  wind.
As the rotor tumns, it turns the turbine’s
main shaff, also attached to the hub. The

main shaft is connectedtoa -generator:

through a serigs of gears, which increase
the speed of .rotation from - about
60 revolutions per minute (rpm) to-as
much as 1,200 rpm. This is the speed at
which: the generator produces 60-cycle
alternating current.

When the wind Speed is 30 miles

per hour {mph) or higher,. the turbine

produces 550 kilowatts of electricity.

At lower wind -speeds, less electricity is
produced. if the wind speed falls below
gight mph; electricity production ceases,
and the turbine shuts itself off. To protect
blades and ather components from dam-
age, the turbine also shuts itself off when
wind ‘speeds exceed 65 mph. However,
as a safety precatition, the turbine is built
to withstand “hurricane-force winds: of
more than 150 mph.

Turbine components: also. include a

- ~sophisticated; -computerized - controller,

cables that carry glectricity to the feeder
ling inte. the substation, cables that con-
nect the controller t0.a. central power
plant control-system; and a yaw drive.
The yaw- drive rotates the turbine into
and-out of the wind in‘response to infor-

mation about wind direction from a wind
vane on top of the nacelle. The nacelle is
a cover :that protects turbine compo-
nents. 1t is located behind the rotor. The
rotor and nacelle sit atop either a tapered
tubutar or lattice tower 129 feet tall.

The Z-40 turbines used- in Vermont
and west Texas are similar, except for
blade design. The Texas turbings have
aileron controls, which are similar to
flaps on an airplane wing. The ailerons
regulate rotor speed and power produc-
fion. The Vermont turbines control rotor
speed and modulate power output by
changing. the angle of the blades with
respect to the wind. The ability to change
the angle of the entire blade is known as
full-span pitch control.

The problem with lightning was not anticipated
by the turbine manufacturer based in California,
where the Z-40 prototypes were tested. Storms in
California are paltry in comparison with the fre-
quent, severe thunderstorms that move across the
plains of west Texas during the summer.

“We've done studies of lightning strikes within a
300-mile radius of our wind facility,” Champion says.
“On occasion, we've seen 300 strikes a minute.”

Working with the NWTC and the National
Lightning Safety Institute, Central and South West
and Zond found ways to alleviate the problem. They
worked together to install an electronic lightning
protection system in the communications cables and
create better grounding around the turbines. Each
turbine is now surrounded by an irrigated trench
filled with copper straps and bentonite, a highly
absorbent type of clay. Since the trenches were
installed, the facility has not lost any major equip-
ment such as motors to lightning.

Central and South West’s Manager of Technology
Development Ward Marshall is excited about solving
the lightning problem.

“The best lightning/wind energy research center
in the world is in Fort Davis, Texas,” he boasts. “No
one in the world has studied lightning to the degree
we have at our wind farm.” Thanks to the turbine
verification program, utilities throughout the Great
Plains will be able to reap the benefits of Central
and South West’s experience.

The turbine manufacturer also profited from the
experience.

“The turbine verification program has been
very valuable for us,” says Dr. Amir Mikhail,
vice-president of engineering at Zond. “It allowed
us to move quickly from a prototype unit into
full production. At the same time, we've been
able to see how our machine operates in differ-
ent environments.”

In the Great Plains, lightning can wreak bavoc with wind tur-
bines. Central and South West Services and Zond Systems, Inc.,
learned this lesson the bard way in Texas. The companies have
since created state-of-the-art lightning protection systems for

wind power plants.



Green Mountain Power faced its own chal-
lenges in Searsburg, many related to the cold and
wet New England winters. During the winter, for
instance, frost would form on the inside of
turbine covers (nacelles) when the turbines
weren’t operating. Then when it melted, water
would fall on equipment, creating problems with
corrosion. Adding heaters inside the nacelle
solved the problem.

Green Mountain and Zond worked together to
tailor Vermont’s Z-40 twrbines for cold-weather
operation. The turbines were outfitted with black
blades to soak up the sun’s energy. Warm blades
help prevent ice buildup. The blades were also
given a Teflon™ coating, which helps keep snow
and ice from sticking to them. Heaters were
installed for the control system and cold-sensitive
fluids such as the hydraulic fluid. Special lubricants
designed for cold temperatures were also selected
for the turbines.

The tubular towers were made of cold-
temperature steel, which maintains its strength
even when temperatures fall to -40°F. Ladders on
the inside of the towers permit maintenance per-
sonnel to climb up to the turbine protected from
the cold and wind. Finally, Zond designed the
nacelle to be large enough to protect workers ser-
vicing the turbine during inclement weather.

Green Mountain Power and Central and South
West will share the lessons they've learned with
other utilities in upcoming years. EPRI completed a
comprehensive report on the Searsburg wind
power project in December 1997. The institute has
issued two reports on the Central and South West
facility, one in 1996 and another in 1997. The
reports are available to utilities interested in oper-
ating their own wind power plants.

UTILITIES TAKE ON NEW
WIND POWER PROJECTS

EPRI and DOE continue to support new utility
participation in the turbine verification program.
In January 1997, EPRI announced that more than a
dozen utilities will take part in five projects to eval-
uate advanced wind technologies. The projects will
be located in Iowa, Nebraska, New York, Texas, and
possibly Oklahoma. The projects will be smaller

both large wind power plants and small, distributed
wind systems are candidates for future wind devel-
opment in the United States.

“We want to check out whether distributed clus-
ters of wind turbines will have a market in the
United States,” explains Ed DeMeo, manager of
renewables at EPRIL. “We want to know what they
cost compared to large installations.” DeMeo says
that although the jury is still out on the value of dis-
tributed wind systems, he believes both wind power
plants and turbine clusters will make sense for utili-
ties in the future.

The majority of the five new TVP projects had
selected turbines and locations for their turbine
clusters by December 1997. EPRI expects most of
them to have turbines in operation by the end of
1998. Cedar Falls Utilities, Algona Municipal Utility,
and municipal utilities in Ellsworth, Esterville,
Fonda, Montezuma, and Westfield will own and
operate three 750-kW Z-50 wind turbines in
Algona, Towa. This will be the first commercial
installation of the Z-50 turbine, developed by Zond
for regions with moderate wind resources such as

Kotzebue Electric Association
Kotzebue, AK
Atiantic Qrient AOC 15/50
500 kw

-

UTILITY WIND TURBINE
VERIFICATION PROGRAM

@ Existing TVP Projects

New TVP Il Projects

than the Vermont and Texas wind power plants, and City of Brownfield
will be linked directly to utility distribution lines. O “Associate” TVP Il Projects Brownfield, TX
The smaller facilities will be similar to ones in 4.5 MW
Europe where land is often hard to come by. Wind
installations consisting of two or three turbines
have accounted for a significant portion of wind
development in Denmark, for example. EPRI and
DOE are encouraging utilities to experiment with
turbine clusters because they want to show that

The map shows the location of nine
utility wind turbine verification
projecis in eight states. Wind power
plants in Texas, Vermont, and
Alaska are operational. Six new
wind projects are expected to be up
and running by the end of 1998.




Iowa. EPRI expects the lowa utilities to gain invalu-
able experience operating their Z-50 turbines, the
largest commercial turbine manufactured in the
United States.

“When new utilities come into the turbine verifi-
cation program, many will have little or no experi-
ence with wind power,” says Chuck McGowin,
manager of wind power at EPRI. “If they decided to
build a wind project by themselves, they would have
to learn everything from scratch. The process would
take longer and be more expensive for them.” In
Iowa, for example, seven utilities pooled their
resources to participate in one small wind project.

The Nebraska Public Power District, Lincoln
Electric System, the Cities of Grand Island and
Auburn, the Municipal Energy Agency of
Nebraska, and the KBR Rural Public Power District
will own and operate two Zond Z-48 wind tur-
bines in Springview, Nebraska, which is near the
South Dakota border. The new Z-48 turbine is
similar to the Z-50, except it has a smaller rotor
better suited to Nebraska’s more energetic wind
resource. The Nebraska Public Power District

Nebraska Public Power District/others
Springview, NE
Zond Z-48
1.5 MW

Cedar Falls Utilities
Algona, 1A
Zond Z-50
2.25 MW

speatheaded the project after participating in
the Utility Wind Resource Assessment Program,
sponsored by DOE. The assessment program
helps utilities evaluate the wind in locations under
consideration for wind development.

“From participating in the wind resource assess-
ment program, we knew we had a good wind
resource in the north-central part of the state”
explains Frank Thompson, project coordinator for the
Nebraska Public Power District. “We're very interested
in wind power, and taking part in the turbine verifi-
cation program is a good way to get our feet wet.”

The Nebraska consortium hopes to learn how to
operate and maintain commercial wind turbines and
understand the impact of wind turbines on an elec-
trical distribution system. Lightning may be a major
challenge for the project.

“We need to figure out how to keep the wind tur-
bines protected and keep lightning out of our distri-
bution system,” Thompson says. Thanks to Central
and South West’s experience in Texas, however, the
Nebraska utilities won't be starting from scratch to
solve lightning-related problems.

Niagara Mohawk Power Corporation
Lewis County, NY

Cannon Wind Eagle 300/30
900 kW

Wisconsin Public Service
Glenmore, WI
Tacke TW 600e
1.2 MW

Green Mountain Power Corporation
Searsburg, VT
Zond Z-40FS
6 MW

WIND ENERGY GLASSIFIGATION

Power  Wind Power* Speed
Class  Watts/meter*  meters/second
1 <200 <56
2 200-300 5.6-6.4
3 300-400 6.4-7.0
4 400-500 7.0-75
5 500-600 7.5-8.0
pntral and South West Services 6 600-800 8.0-88
Ft. Davis, TX Central and South West Services 7 >800 >8.8
Zond Z-40A OKlanoma *At50 M (164 1)
6.6 MW Cannon Wind Eagle 300/30
1.2 MW
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Central and South West will build a 1.2-MW wind
plant in either Texas or Oklahoma. The utility is cur-
rently prospecting for wind sites in Oklahoma, a
state that also experiences powerful summer thun-
derstorms. Once the site is selected, the utility plans
to operate and test four 300-kW Cannon Wind
Eagle 300/30 turbines, currently under development
by Cannon Wind Eagle Corporation in Tehachapi,
California. In a similar project, Niagara Mohawk
Power Corporation plans to operate three Cannon
Wind Eagle 300/30 turbines in northern New York.
In New York, the turbines will operate in a harsh
environment that is very cold and receives unusual
amounts of snowfall.

The Cannon Wind Eagle 300/30 shown above will be com-
mercially operated for the first time as part of the Utility
Wind Turbine Verification Program. Central and South West
Services plans to operate and test four turbines in Texas or
Oklahoma. Niagara Mohawk Power Corporation plans to
operate three in northern New York. The turbine is being
developed by Cannon Wind Eagle Corporation in Tebachapi,
California.

THE CANNON WIND EAGLE 300/30 TURBINE

The Cannon Wind Eagle is an innovative, lightweight,
and flexible turbine. It has a 95.4-foot-diameter rotor that
sits on top of a 165-foot tower. The tall, thin tower is held
in place with guy wires. It can be tilted down to the
ground for maintenance and back up for operation.

The Cannon Wind Eagle is undergoing comprehensive
design testing and evaluation at the National Wind
Technology Center. The new turbine will benefit from
being operated in a reaf utility environment where turbine
operators will evaluate its energy production, availability,
refiability, and operations and maintenance costs.

Beginning in the summer of 1998, muricipal
utilities in the cities of Brownfield and Lubbock,
Texas, will use electricity from six 750-kW wind
turbines. Texas Windpower Company will install
and operate three turbines in each community.
Brownfield City Manager Dick Fletcher initiated the
project for both towns.

“My interest in wind goes back 20 years to when
I first came into the city administration,” he says.
“We submitted a proposal to the Department of
Energy to be a site for a 2-MW wind turbine. We
didn’t get the project.”

Fletcher said the idea of developing wind
lay dormant for more than 15 years. Then, Walter
Hornaday, president of Texas Windpower,
approached the City of Brownfield in 1995 with the
idea of developing wind power as part of a “green-
pricing” program. Green-pricing programs offer
customers the opportunity to pay premium prices
for electricity produced from clean and renewable
resources such as the sun or wind.

‘I almost laughed,” recalls Fletcher. “Our cus-
tomers want cheaper power. I told Walt that the
tree-huggers in Austin or California might go for
the idea, but it wouldnt fly in west Texas.”
Nevertheless, Hornaday’s proposal got him think-
ing seriously about wind again.

When Fletcher heard about the turbine verifica-
tion program a year later, the joint wind project
was born. He is excited about getting the turbines
up and running this summer in Brownfield and
Lubbock. He expects the turbines to create a posi-
tive image for this area of Texas.

“There’s a lot of wind in the south plains of
Texas,” he explains. “You almost never see an arti-
cle about Lubbock or Plainview that doesn’t say
something about ‘windswept, ‘windblown,’ or
‘dusty.” Now that we're going to use wind to our
advantage, we feel we're going to turn around the
negative image.”
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Kotzebue Electric Association operates a wind technology praject north of the Arctic Circle in Alaska. The utility is participating in

the turbine verification program’s testing and evaluation efforts as an “associate” project. Associate projects receive funding from

the program for performance evaluation only.

The Brownfield utility is one of many cultivating
a positive image by using wind power. Green
Mountain Power and Central and South West
Services enjoy widespread support for operating
innovative wind power plants. By now, they are
both “old hands” in the utility wind business.
They’re not only sharing their experiences with
others, but also considering expanding their own
investments in this clean and renewable resource.

Two utility wind projects joined the new round
of the turbine verification program as “associates,”
according to EPRI. Associate projects were not
given funding to build wind installations, but will
receive support for performance evaluation. For
example, associates in Glenmore, Wisconsin, and
Kotzebue, Alaska, plan to test their new turbines
using the same procedures as the regular partici-
pants in the turbine verification program. To record
wind conditions and turbine responses, all seven
projects will use the same type of monitoring
equipment, which will be installed and operated by
the NWTC. The Alaska wind project is up and run-
ning in Kotzebue (see page 24). The Wisconsin

project is scheduled to have turbines on line in the
spring of 1998.

The turbine verification program has provided
important support to the nation’s budding wind
industry. Zond gained critical experience with its
new turbines at Fort Davis and Searsburg.
As a result, its parent company, Enron Wind
Corporation, was better prepared to undertake its
next utility project, a 107-MW wind power plant in
southwestern Minnesota. Enron Wind began con-
struction of the Minnesota power plant in July 1997.

In the next couple of years, Zond and Cannon
Wind Eagle Corporation will get a chance to test
brand-new Z-48, Z-50, and Wind Eagle 300/30
turbines in Iowa, Nebraska, Oklahoma, and New
York as part of the turbine verification program.
The firms will undoubtedly learn important
lessons about the new turbines. In the process,
two more investor-owned utilities, 14 municipal
utilities, and a rural electric cooperative will learn
what it's like to generate and distribute wind
power. That's what EPRI and DOE had in mind
when they started the program.
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Tomorrow's turbines will be designed according
to where they will be used and the local availabil-
ity of equipment and skilled labor. Where winds
are high or turbulent, turbines will have smaller
rotors and be built to withstand severe stresses.
Where skilled labor is not readily available, tur-
bines will be simple and robust. Wherever they are
installed, the next generation of wind turbines will
generate 15%-30% more electricity—at a lower
cost—than today’s machines.

Wind energy is one of the most cost-competitive
renewable energy technologies. Even so, wind-
generated electricity still costs more than electricity
from natural gas or coal plants. However, the wind
turbine of the future is expected to close the gap,
providing low-cost electricity for homes, businesses,
schools, manufacturing plants, and the like. Low-
cost turbines will open up a huge market for wind
energy in the United States.

COST OF WIND ENERGY
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Wind energy is one of the least expensive renewable energy
techrologies. A new generation of wind turbines will make
wind-generated eleciricity competitive with power from
existing natural gas or coal plants.

Cost, however, is not the only benefit wind tur-
bines offer. “Wind energy is an environmental tech-
nology,” says Randall Swisher, executive director of
the American Wind Energy Association. “Wind tur-
bines don’t emit acid rain precursors, greenhouse
gases, or other air pollutants. We expect growing
concern about the environment to drive markets
for wind around the world.”

Indeed, wind energy is the fastest-growing energy
technology in the world. Pressure to develop new

The first turbines created by the U.S. Department of Energy’s partnerships with
tured by Advanced Wind Turbines, Inc.; the 2-40, manufaciured by Zond Sys

technology is being fueled by exploding world
wind energy markets that already top
$1.5 billion a year. The American Wind Energy
Association predicts this figure will grow as much
as tenfold during the next decade.

By then, designers will have the ability to mix
and match innovative components with proven
technology to come up with the least expensive,
most efficient machine to do a particular job.
Whether the job is a small communications relay in
Antarctica or a utility wind power plant covering
hundreds of acres in the Midwest, wind turbines
will provide affordable, clean power in the 21st
century for tiny villages and bustling cities alike.

The U.S. Department of Energy (DOE) wants to
help U.S. companies capture a sizeable portion of
these growing wind markets. In 1992, DOE
launched partnerships with U.S. wind companies
to rapidly develop innovative, low-cost wind tech-
nologies to compete in global energy markets.
Although the first turbines created by these part-
nerships are already on the market, a whole new
generation of turbines should arrive by about
2002. Sporting innovative technology, the new
turbines will bring the cost of wind energy down
as low as $0.025 per kilowatt-hour at high wind
sites. At this price, substantial numbers of electric
power producers are likely to take account of
wind’s environmental benefits and opt to build
wind facilities rather than fossil-fueled power
plants. This article describes how DOE'’s partner-
ships with industry are lowering the cost of energy
from turbines and improving turbine technology
for today and the future.
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re already on the market. They are (from left to right) the AWT 26, manufac-

and the AOC 15/50, manufactured by Atlantic Orient Corporation.

IMPROVED TURBINES
GENERATE BENEFITS

The first turbines developed under the DOE
program are refined and improved versions
of existing machines. All were developed in collab-
oration with a DOE national laboratory, the
National Renewable Energy Laboratory (NREL), in
Golden, Colorado. Engineers at NRELs National
Wind Technology Center (NWTC), the nation’s
leading wind research laboratory, worked closely
with the industry partners.
Advanced Wind Turbines, Inc’s AWT-26 and AWT-27. The
275-kilowatt (kW) AWT-26 and AWT-27 wind tur-
bines are on-line in California, Colorado, China,
and east-central India. This “downwind” turbine
operates facing away from the wind. The AWT tur-
bines have only two blades and a teetered rotor.
The teetered rotor rocks back and forth in response
to wind gusts, dissipating some of the forces in the
wind that can cause wear and tear on the turbine.

Because a teetered rotor can relieve wind stress
on the turbine, components such as blades don’t
have to be as strong and heavy to survive repeated
buffeting by the wind. Teetered rotors typically
have two blades. Using two rather than three
blades represents a large cost savings because
blades account for a significant portion of the over-
all cost of a turbine.
Zond Systems, Inc¢.’s Z-40. The 550-kW Z-40 is cur-
rently undergoing extensive testing at wind power
plants in Vermont and Texas. The three-bladed tur-
bine is a sleek, modern version of the convention-
al wind turbine that evolved in Europe from the
classic Dutch windmill. The “upwind” Z-40 turbines

face into the wind while operating. They are
strong, heavy, and built to withstand wear and tear
from continuous exposure to the wind.

Atlantic Orient Corporation’s AOC 15/50. The S0-kW
AOC 15/50 is a downwind, three-bladed turbine.
This smaller turbine was developed for hybrid vil-
lage power systems. Hybrid power systems, which
often include both wind turbines and diesel gener-
ators, provide power for villages without access to
a central utility grid. The AOC 15/50 is currently
being tested at the NWTC, in Denmark, and in
northwest Alaska.

INDUSTRY PARTNERSHIPS DEVELOPING
CUTTING-EDGE TECHNOLOGY

In addition to improving existing turbines, DOE
and industry are improving particular turbine com-
ponents. NREL and another national laboratory,
Sandia National Laboratories (Sandia), have worked
since 1994 with industry on cost-shared projects to
develop the cutting-edge wind turbine components
needed to create larger, more cost-effective wind
turbines. The partnerships have focussed on
expensive turbine components such as towers,
rotors, generators, and control systems. The result:
tall, inexpensive towers, novel rotors, custom gen-
erators, solid-state electronics, and “smart” turbine
controls are now in the pipeline for the next gen-
eration of wind turbines.

Taller Towers Reach for the Wind. Wind speed generally
increases with height above the ground. Taller
towers expose turbines to stronger winds, enabling
them to produce more electricity. Until now, the
value of the extra electricity has been nearly offset
by the cost of materials to make the towers bigger,
at least for traditional steel lattice or tube towers.
However, innovative tower designs are allow-
ing taller towers to be built at reduced cost.
Consequently, average tower height should gradu-
ally increase from 100 feet to about 230 feet by
about 2005.

Innovative Rotors Increase Energy Capture. Rotors are
large, heavy, and crucial to capturing energy from
the wind. Because improvements in rotor design
have a great impact on energy costs, NREL and
Sandia have looked into new designs for airfoils;
innovative hub attachments that allow rotors to be
more flexible; and improved manufacturing
processes for blades.

Airfoils specifically designed for turbine blades
can greatly enhance turbine performance. Airfoils
are the cross-sectional shapes on airplane wings or
turbine blades that convert airflow into forces that
can lift an airplane or turn a turbine rotor. Since
1984, NREL researchers have created seven “families”
of airfoils for turbine blades of specific sizes. The
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COMPUTER SIMULATIONS HELP DESIGNERS BUILD BETTER MACHINES

The National Renewable Energy
Laboratory (NREL) is currently working
with Cannon Wind Eagle Corporation to
test and refine one of the lightest, most
flexible wind turbines ever made; the
Cannon Wind Eagle 300/30. The Wind
Eagle 300/30 is a downwind, two-bladed
turbine that sits on top of a tall, thin,
tilt-down tower. Its long, lightweight
blades are attached to the rotor hub

with a flexible crossbar. During high
winds, the blades bend downwind in a
cone shape. The turbine cover (nacelle)
is also free to rotate, to better align the
machine with the prevailing winds.
These features deflect forces in the
wind off the turbine. As a result, this
lightweight machine can withstand
harsh wind conditions as well as its
more massive counterparts.

To understand exactly how the Wind
Eagle works, NREL researchers are test-
ing the 300-kilowatt machine and com-
paring the results with new computsr
simulations of the turbine. Researchers
will use the test results fo refing the sim-
ulations until it is possible to operate the
turbine on the computer. Once this is
possible, turbine designers can try dif-
ferent approaches to improved turbine

without spending lots of money.

Researchers at the National Wind Technology Center are testing the Cannon
Wind Eagle 300/30 and comparing lest results with computer simulations.
The simulations will allow design engineers to enhance turbine performance

operation—uwithout building expensive
hardware. Computer simulations will
also help designers diagnose and solve
any problems that arise after they build
a more advanced turbine.

The simulations will be invaluable in
designing Cannon Wind Eagle turbines
and other highly flexible machines.
Highly flexible turbines are being devel-
oped as part of DOE’'s Next-Generation
Wind Turbine and Small Wind Turbine
projects.

NREL and Sandia National
Laboratories began creating computer
simulations for industry in the late
1980s. Industry designers have used
sophisticated computer simulations to
design and test standard three-bladed
wind turbines for about five years.
For instance, NREL worked with its
industry partners to model the Z-40, the
AOC 15/50, and the AWT-26 and
AWT-27 turbines.

“The modeling tools NREL devel-
oped during the past five years
are extremely valuable,” says Jamie
Chapman, president of OEM
Development Corporation in Boston.
“We use them extensively. They allow s
to evaluate turbine designs that are
more reliable and cost less than would
be possible without them.”

new airfoils can increase energy capture by as
much as 30% in constant-speed rotors. They are
used on the Z-40, AWT-26, AWT-27, and AOC 15/50
wind turbines.

Turbine rotors with two blades capture about the
same amount of energy as their three-bladed coun-
terparts and are much less expensive to build.
However, two-bladed rotors must be flexible enough
to respond to wind gusts and dissipate forces in the

wind that would otherwise impact the turbine. In
1994, NREL began a research project at the NWTC to
study hub designs that allow such flexibility.

In 1997, researchers built a new research hub
that will allow them to evaluate two key strategies
for designing flexible, two-bladed rotors. In one
approach, each blade will have a hinge at its base
(root) that allows both blades to bend downwind
in high winds. In the other strategy, the blades will




be linked together and attached to the low-speed
shaft by means of a single hinge. During 1998,
researchers will install the hub on a research
turbine, study both strategies, and determine
which one works best. Their goal is to prepare
for the development of a new class of lightweight,
flexible wind turbines whose high-performance
rotors will significantly lower the cost of energy
production.

Sandia is also striving to lower the cost of

turbine rotors by working with industry to improve
manufacturing of turbine blades. By improving
manufacturing processes, shortening the time
it takes to cure the blades, and making other
improvements, researchers hope to reduce the
blade costs by as much as 25%. Sandia is also
working with industry and academia to improve
blade-manufacturing processes for fiberglass and
plastic blades.
Custom Generators Promise Better Performance. Today,
most wind turbines use constant-speed generators
to make electricity from the rotational energy
produced when the wind turns the turbine rotor.
These standard generators are widely available
from industry. They are affordable but require
costly transmissions and gears to operate. The
gears increase the speed of the turbine rotor, which
is 60 revolutions per minute (rpm) or less, to
1,800 rpm, the rotational speed required to operate
a typical generator.

The development of generators that work at low
rotational speeds holds promise for better perfor-
mance at lower cost. Because some generators can
operate at the same rotational speeds as the turbine
rotor, the expensive gearbox can be eliminated.
Designing the generators is a major technical chal-
lenge, however. To work, low-speed generators
require custom-made, high-efficiency, solid-state
electronic converters, called power electronic con-
verters, to generate 60-cycle alternating current and
allow the generator to operate at variable speeds.

NREL researchers believe custom-made, low-
speed generators with power electronics and vari-
able-speed operation will be able to produce
about 10% more electricity than their constant-
speed counterparts. Because they can respond to
changes in the wind, variable-speed generators
can keep the turbine operating at maximum effi-
ciency. Plus, they are quieter and reduce wear and
tear on the turbine. In a constant-speed machine,
rotor speed must be held steady and cannot
increase once the turbine is producing maximum
power. In a variable-speed machine, the rotor can
spin faster in response to increases in wind speed,
thereby using more of the power in the wind to
generate electricity.

Researchers at the National Wind Technology Center fest an
experimental variable-speed generator and power elecironic
converter with a dynamometes, which mimics a rotating
turbine. The center will add a 1.5-megawalt dynamometer
Jor testing utility turbine generators.

Variable-speed generators should work well
with both standard, three-bladed machines and
two-bladed, flexible turbines. Designing custom
generators and power electronics that both work
efficiently at low wind speeds is essential, however.
Otherwise, poor performance at low wind speeds
will offset some of the gains in efficiency at higher
wind speeds.

In work done under contract with NREL, the
University of Colorado (CU), Northern Power
Systems, Inc., and Electronic Power Conditioning,
Inc. (EPC), are developing innovative low-speed
generation systems. The new systems are expected
to reduce turbine wear, operate efficiently, produce
high-quality power, and permit quieter turbine
operation, particularly at low wind speeds.

CU has developed a permanent-magnet, direct-
drive generator. In a direct-drive system, the gener-
ator is directly linked to the rotor, eliminating the
need for an expensive transmission and gears.
NREL is testing the CU generator/power electronic
converter system on a research turbine at the
NWTC. Engineers are investigating ways to maxi-
mize the performance of variable-speed power sys-
tems. As part of the project, they are testing turbine
control software designed to optimize energy pro-
duction and minimize stresses on the turbine.

17




18

Northern Power Systems is working on a
low-speed generator similar to the ones used in
hydro-electric facilities. When it is built, the company
plans to install the new generator on a
100-kW turbine designed for operation in frigid
climates. EPC developed a unique variable-speed
generation system with a power electronic
converter half the normal size. Consequently, the
system is less expensive.

Designing a Brain for Tomorrow’s Wind Turbines. In the
past, turbine controls were used to solve particular
problems: to slow or stop the rotor, to prevent wind
gusts from suddenly producing too much power, to
prevent the turbine from vibrating during operation,
to mitigate damage from turbulent winds, and so on.

A better way to control a2 wind turbine is via an
electronic brain, or smart controller, which can
optimize every aspect of turbine operation. Smart
controllers use miniature computers, called micro-
processors, to continuously evaluate wind condi-
tions and turbine operation at any given moment.
The controller then adjusts turbine operation to
maximize the amount of power it generates, to pro-
tect the machine from excessive wear and tear, and
to ensure maximum service life, low energy costs,
and safe operation. Such a controller will ensure
the maximum benefit from using light, flexible
rotors and custom generators.

Engineers at NREL and Sandia are working with
university researchers to design a computerized con-
trol system for wind turbines. Starting with a com-
puter model that includes control strategies to solve
typical problems, they are programming it to sys-
tematically evaluate a particular strategy’s costs and
benefits under a variety of conditions. The smart
control system will assess how a particular device
such as a tip brake affects the entire wind turbine. It
will decide whether using it makes more sense than
another method for slowing the rotor.

In the future, system control specialists will
work on designing new turbines from the begin-
ning. Understanding how a wind turbine works,
they will be able to design smart control systems as
an integral feature of the next generation of utility
wind turbines.

Control Systems Improve Plant Efficiency. Computerized
control systems can also help wind power plants run
more efficiently. NRELs partner Second Wind Inc.
recently completed a sophisticated wind power
plant control system. The system can monitor each
turbine’s power output as well as current wind con-
ditions. Power plant operators can use this informa-
tion to adjust the operation of individual turbines to
maximize power output or minimize wear and tear
on the machine. A supervisory computer also allows
operators to see the entire power plant at one time

by displaying a map of the turbines, meteorological
towers, and substations. DOE is using Second
Wind’s power plant control system to monitor tur-
bine performance in new projects being developed
under the Utility Wind Turbine Verification Program
(see page 2 for more about the program).

NEXT-GENERATION UTILITY
WIND TURBINES ON TAP FOR THE
218T CENTURY

The new towers, rotors, generators, and con-
trols built through DOE/industry partnerships will
improve the performance of tomorrow’s turbines.
In 1994, DOE announced a $40 million program
to develop a new generation of innovative utility
wind turbines for the next century’s marketplace.
The cost-effective new utility turbines will expand
markets for U.S. companies in the United States
and in Europe, where competition for new wind
projects is driving costs down.

Eight industry teams created concepts for new
utility wind turbines rated as high as 1 MW.
In 1996, NREL selected two of the firms, Zond
Systems, Inc., a subsidiary of Enron Wind
Corporation, and The Wind Turbine Company, to
bring their concepts into reality. Both firms will
incorporate new technology developed by NREL
and its industry partners into their new machines.

Zond is developing the Z-56, an upwind,
variable-speed turbine rated at 1 MW. The three-
bladed turbine will be the largest, most sophisti-
cated turbine of its kind made by an American
company. [t will include a smart controller, NREL
airfoils, and a custom-made, variable-speed gen-
erator and power-electronic converter.

Ken Karas, chairman and chief executive officer
of Enron Wind, is excited about participating in
the next-generation turbine development effort.
“We are pleased and proud to be part of this
cooperative research effort,” he said. “We have
high expectations and look forward to advancing
the cost-effective utilization of clean wind energy.”

The Wind Turbine Company is designing the
WTC 1000, a dual-speed machine rated at 1 MW.
The lightweight turbine will have multiple gener-
ators and a flapping rotor similar to the one used
on the first utility wind turbine built in the United
States, the Smith-Putnam turbine erected on
Grandpa’s Knob in Vermont in 1943. The turbine’s
two blades will attach to the rotor hub with
hinges, which allow the blades to flap in and out
of the plane of rotation depending on the forces
impacting the rotor during high winds. The tur-
bine will sit atop a 328-foot tower. The thin tubu-
lar tower will have an elevator inside it to carry
maintenance workers up to the turbine.
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As U.S. Secretary of Energy Federico Pefia looks on, The Wind
Turbine Company President Larry Miles signs a $20 million
subcontract with the National Renewable Energy Laboratory.
The company will design, build, and test a next-generation
utility wind turbine by 2002.
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The $20 million, Next-Generation Turbine
Program contracts are the largest in the history of
the federal wind energy program. U.S. Secretary
of Energy Federico Pefia was guest of honor at the
formal signing of the contracts on June 20, 1997,
at the NWTC. The center is located at the foot of
the Rocky Mountains in Golden, Colorado, just
west of Denver.

“These partnerships with the wind energy
industry will help speed advanced clean energy
technology to the marketplace,” Secretary Pefia
said at the contract signing. “When we build part-
nerships with industry, we all benefit. It is impor-
tant for the wind industry to be in a position to
take advantage of domestic and international mar-
kets that are expected to grow rapidly over the
coming decade.”
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The Wind Turbine Company’s WIC 1000 l’eﬁ"a nd Zé nd’ Utilities have about three to four years to wait
Systems, Inc.’s Z-56, right, will crank out as much as until Zond and The Wind Turbine Company intro-
1 megawatt of electricity in utility wind power plants. duce their next-generation utility wind turbines.
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ADVANCED SMALL WIND TURBINE
PROJECT TARGETS VILLAGE POWER

Today’s $1.5 billion a year world wind energy
market is fed not only by utility wind turbines, but
also by so-called small wind turbines with rated
power up to 40 kW. The Small Wind Turbine
Project was started in 1995 to support the devel-
opment of advanced turbines to be used singly or
in clusters in remote or rural areas. The small tur-
bines will provide electricity where none is avail-
able from conventional sources or where fuel
costs are prohibitively high. (Currently, more than
2 billion people around the globe lack electricity;
the number is growing.) Small turbines can offer
cheaper electricity than that from diesel generators.

The small turbines will use cutting-edge
technology—towers, rotors, generators, and
controls—developed for utility machines. New
technology will make small turbines more reliable
and cost effective as well as easier to transport
and install than today’s machines. The turbines may
be tailored for specific regions such as the desert,
the seacoast, or cold, wet climates.

One or more of the small turbines can power a
cabin, telecommunications relay, business, school,
community center, clinic, or an entire village.
Farmers can use small turbines to power their
homes and other buildings or pump water for live-
stock or irrigation. In some cases, utilities may erect
a cluster of turbines at the end of a distribution line
in lieu of building a power plant or extending a
transmission line.

In 1997, NREL awarded contracts to four industry
partners to develop advanced small wind turbines:
Bergey Windpower Company, WindLite Corporation,
World Power Technologies, and Cannon Wind Eagle
Corporation. Bergey Windpower Company,
WindLite Corporation, and World Power
Technologies will develop enhanced versions of
three-bladed, upwind turbines.

Bergey Windpower will build a 40-kW, variable-
speed turbine for use in village power systems.
Different-sized rotors will be available so the turbine
can be used in a variety of locations. The turbine
- will sit atop a 180-foot tower to take advantage of
higher wind speeds aloft.

WindLite is designing an 8-kW machine with a
direct-drive, variable-speed generator. The turbine
comes with a 110-foot tilt-up tower. Applications
include battery charging, communications, lighting,
and water pumping. The turbine will be made of
weather- and corrosion-resistant materials to allow it
to operate in cold, wet climates or near the ocean.

World Power will construct a 16-kW, variable-
speed turbine to charge batteries for clusters of
homes, large farms, or small businesses. The tutbine

can be used with solar electric systems or diesel
generators. It can also be tied into a utility grid. The
turbine will include several innovative technologies,
including a permanent-magnet generator. It will sit
atop an 80-foot, tilt-up tower.

Cannon Wind Eagle Corporation will build a
scaled-down version of the Wind Eagle 300/30
machine. The new Wind Eagle WE-14 will include
the very latest in lightweight, flexible turbine
design. The 30-kW Wind Eagle WE-14 will be a
two-bladed, downwind machine operating at con-
stant speed. The turbine is attached to the tower
with gimbals, which allow it to rotate freely on
the 120-foot, tilt-down tower. Target markets
include village power, ranching, agribusiness, and
remote industrial sites.

The advanced small wind turbines will hit the
marketplace around the turn of the century.
Together with a new generation of utility turbines,
they will offer a range of options for generating low-
cost electricity from the wind and will help U.S.
firms compete successfully in global wind markets.

From small remote villages to bustling interna-
tional cities, wind energy can meet the need
for electricity around the globe without harming
the planet. DOE/industry partnerships promise
to provide the technology to make clean, low-
cost electricity a reality. ®
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THE
NATIONAL
WIND
TECHNOLOGY
CENTER

One of the world’s premier wind
energy research and testing centers
is nestled at the foot of the Rocky
Mountains in Golden, Colorado.

A top-notch technical staff and
modern facilities attract visitors
from all over the world.

Photos left to right, from the top:
1. With this instrumented turbine,
researchers study wind flow across
turbine blades. 2. A “turbine’s-eye”
view of Colorado’s Front Range
from 165 feet up in the air.
Researchers are testing and
modeling the workings of this
unique Cannon Wind Eagle 300/30
machine. 3. An AWT-26 turbine
generates power from winds
racing out of nearby mountain
canyons. 4. Vibration tests help
researchers analyze new blade
designs. 5. A researcher adjusts

an innovative variable-speed gen-

erator. 6. A village power testing

facility helps researchers develop
renewable power systems for
remote areas of the globe. 7. An
engineer measures sounds from a
spinning rotor. 8. The Industrial
User Facility was tailor-made for
government/industry partnerships.
9. The Advanced Research Turbine
is used to test innovative compo-
nents. 10. U.S. companies send
turbine blades to Colorado for

strength and durability testing. 4







inds for Vi]lage Power

Villagers pioneering use of wind energy to save on costly diesel fuel.

THREE NEW 50-KILOWATT (kW) AOC 15/50 WIND TURBINES ROSE FROM THE VAST
expanse of the Arctic tundra during the summer of 1997. During the cold, dark winter, the

lonely sentinels harnessed piercing winds to generate electricity for nearby Kotzebue,

Alaska’s largest Eskimo community north of the Arctic Circle. Brad Reeve, general manager

of Kotzebue Electric Association, worked for more than five years to bring the turbines to

the community of 3,500 residents. He is determined to show that wind energy can bring

affordable electricity and much-needed jobs to the rural inhabitants of northwest Alaska.

“I began thinking seriously about wind in 1992,
Reeve says. “I realized our utility could make a real
contribution to evaluating renewable technologies.
My original idea was to find a good wind turbine
and show that it could perform well in the harsh
Arctic environment.” Five years later, Kotzebue
began testing the AOC 15/50 turbines, which have a
total capacity of 150 kW.

In the meantime, the small village of Wales
agreed to install a new village hybrid power system
that uses both diesel generators and wind turbines.
Because it uses more wind generation than similar
hybrid power systems, the project poses a techni-
cal challenge but has the potential to save large
amounts of diesel fuel. Led by Kotzebue Electric,
the project is being supported by National
Renewable Energy Laboratory’s (NREL's) National
Wind Technology Center, the U.S. Environmental
Protection Agency, the Alaska Science and
Technology Foundation, and the State of Alaska.

Kotzebue and Wales are two of more than 200
Alaskan villages without roads connecting them to
the rest of the state or access to an electric grid.

Kotzebue is located on the Baldwin Peninsula
where it extends into Kotzebue Sound off the
Chukchi Sea. In the Inupiat Eskimo language, the
town’s name is Kikiktheruk, which means “place
almost an island.” Wales is located about 75 miles
southwest of Kotzebue on Cape Prince of Wales, at
the western tip of the Seward Peninsula.

Like other villages in northwest Alaska, Kotzebue
and Wales import diesel fuel to make electricity. It is
very expensive to transport diesel fuel by barge for
use in a village power system. Barge travel is only
possible during the summer when ice melts and sea
channels are open.

Remote villages in Alaska must have large storage
facilities for diesel fuel. Many storage tanks are more
than 20 years old and need replacement.

Rural electricity is expensive. Reeve says
that without state energy assistance (to the tune of
nearly $17 million a year), Kotzebue residents
would pay $0.20/kilowatt-hour (kWh) for electric-
ity rather than the $0.12/kWh they currently pay.
In smaller, more remote villages, unsubsidized
electrical costs would run as high as $0.60/kWh.
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With 3,500 residents, Kotzebue is the largest Eskimo village north of the Arctic Circle. In the Inupiat Eskimo language, the town’s

name means “place almost an island,”

“The costs of transporting diesel fuel this far
north are very high,” explains Reeve. “Power pro-

duction from diesel fuel is also very expensive.
That's why we’re looking for alternative methods
for making electricity.”

Since the mid-1980s, Alaska’s Power Cost
Equalization Program has helped buy down the
cost of rural electricity. The program supports
diesel power generation in 175 villages, many of
which were without electricity prior to 1985. Since
then, rural inhabitants have become reliant on elec-
tricity for household appliances, lighting, water,
and sewer systems.

Oil revenues to the state from North Slope oil
are rapidly declining, however. Alaska’s oil fields
are becoming depleted, which means less money is
flowing into state coffers. Brad Reeve worries that
the power cost equalization program could disap-
pear within a few years, forcing Kotzebue residents
to pay full cost for their electricity~—or do without.

“I'm very concerned about the cost of energy,”
Reeve says. Kotzebue's economy depends on gov-
ernment services and seasonal jobs such as fishing
and reindeer herding. Reeve says there’s no way
Kotzebue and hundreds of other, smaller villages
can pay twice as much for electricity and still hope
to create jobs that would allow their residents to
get off welfare. Federal welfare reform, together
with the end of state energy subsidies, could put
Alaska’s rural inhabitants between the proverbial
rock and a hard place.

“We've got to find another way to reduce the
cost of power,” Reeve says. “That’s why we’ve
pushed so hard to get a wind power project here.”

During the past five years, Reeve has made
numerous trips to seek funding for wind turbines
to Washington, D.C., and to NREL, in Golden,
Colorado. He has worked closely with state
officials from Alaska’s Department of Community
and Regional Affairs. He wants Kotzebue Electric
Association to play a key role in developing
Alaska’s indigenous wind energy resources, there-
by reducing reliance on costly diesel fuel.

Reeve would like to see Kotzebue become a
center of excellence for U.S.-built wind-diesel vil-
lage power systems. He wants to educate other
communities about the benefits of using new tech-
nology. Under Kotzebue Electric Association’s men-
torship, dozens of other coastal villages would
install wind-diesel systems.

“Rural wind development is going to grow out
of Kotzebue,” explains Dennis Meiners, a develop-
ment specialist with Alaska’s Department of
Community and Regional Affairs. “It’s going to be a
wind development hub. There’s going to be a train-
ing facility there. The turbines are already up, and
they’re busy working out technology issues.”

The Kotzebue wind project will prove whether
wind technology can perform reliably in Alaska
and cut costs, according to Meiners. Once that
happens, a large market for wind systems is likely
to develop.
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Brad Reeve stands by an AOC 15/50 turbine at the National
Wind Technology Center. Reeve visited Colorado in November
1997 to discuss Wales’s new hybrid village power system, which
will use AOC 15/50 turbines.

“From Kotzebue, wind will work its way down
the coast, heading south,” Meiners says. “By next
summer [1998], the State of Alaska will be looking
at four to ten new sites, conducting wind resource
assessments, and studying the impact of wind on
local economies.”

Meiners bases his optimism on an assessment he
did in 1995, which found almost 90 villages in
Alaska with enough wind to make wind energy
development viable.

“I sat down with [the U.S. Department of
Energy’s Wind Energy Resource Atlas of the United
States] to see which communities had enough
wind to be worth investigating,” he explains. “I
was amazed at how many locations looked as if
they had great resources. This whole region of the
state has no trees. It’s at sea level. The wind just
blows in off the ocean across the land for hun-
dreds of miles.”

Meiners found so much wind, in fact, that he
was certain the resource would not limit wind
development. He shifted his attention to looking at
economic issues and locating turbines rugged
enough to stand up to Alaska’s winters. Meiners
didn’t want to repeat mistakes made in the 1980s.

“In the mid-1980s, the state participated in about

140 small wind projects,” he says. “The trouble was,
most of them never worked. And, when something
went wrong, the manufacturers just walked away.
There were no maintenance programs, no cus-
tomer support programs, nothing.”

Meiners concluded the most important thing he
could do to get wind power up and running in
Alaska was to find a reliable cold-weather turbine.
Kotzebue Electric’s Reeve agreed.

“During the early 1980s, while I was managing
the public radio station in Kotzebue, someone
brought in a wind turbine to generate electricity for
the city manager’s quarters,” he recalls. “They erected
another one at Chukchi Community College.
Neither one worked well.

“One night when 1 was taking a friend home on
a snowmobile during a blizzard, we heard what
sounded like a DC-3 coming down over our heads.
I knew it had to be the wind turbine. The next day,
the blades were gone. We never found them. They
just disintegrated.”

When Reeve left the radio station in 1988 to
become general manager of Kotzebue Electric, he
decided there must be a better way to implement
wind energy.

“The more I thought about it, the more T liked
the idea of alternative energy, especially for com-
munities like ours where fuel transport costs are
high,” he says. “But, I realized that you need to get
utilities involved with wind projects. We're in the
business of generating electricity, so we know we
have to schedule maintenance to keep equipment
working.”

Within a few years, Reeve was looking for a
turbine.

Dennis Meiners of Alaska’s Department of Community and
Regional Affairs drives out to inspect the Kotzebue wind project
site in July 1997. He’s driving a special all-terrain vehicle to
cross the tundra from the end of the road fo the site.
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“1 looked a long time for a turbine that could
work in the cold,” he recalls. “At first, I couldn’t find
any American equipment designed for cold weather.
Even when I started locking at the world market, 1
couldn’t find anything I was comfortable with.”

Things changed when Reeve joined the Utility
Wind Interest Group (UWIG) in 1993. A nonprofit
corporation, UWIG was founded with support from
both the U.S. Department of Energy (DOE) and the
Electric Power Research Institute. The group provides
its utility members with information about wind
power, discussion forums, and technical support.

“UWIG was a real learning experience,” Reeve
says. “We had honest discussions about lots of tech-
nical issues. I heard about the AOC 15/50 turbine,
which [Vermonts] Atlantic Orient Corporation had
developed for colder areas.” Reeve especially liked
the idea of supporting a small American company’s
efforts to commercialize new technology.

In 1995, Reeve secured a grant from the State of
Alaska for $250,000, convinced his board of direc-

tors to earmark another $250,000 for wind develop-
ment, and ordered three turbines. Due to manufac-
turing delays, the turbines were not installed until
1997. By then, additional funding from DOE
and NREL allowed the utility to order seven more
AOC 15/50 turbines for installation in 1998. Reeve’s
vision of a wind technology project at Kotzebue
was on its way to becoming a reality.

The use of wind generation is spreading to other
communities. Tiny Wales (with a population of 165)
decided to test a wind-diesel hybrid power system
predicted to reduce diesel fuel use by 40%. The
State of Alaska’s Meiners believes the Wales project
is critical for wind energy development in Alaska.

“If we expect to make wind valuable to our rural
communities, then we've got to take lots of wind
and displace lots of diesel fuel,” he says. “Diesel
generation isn’t going to go away. It's reliable, and
it does the job. The problem is, it's expensive and
it’s messy.” Meiners wants to integrate as much wind
as possible into existing diesel generation systems.
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“This is not straightforward,” Meiners says.
“We're fortunate to have NREL helping us figure
out how to take wind and [incorporate] it into a
diesel system. This is a complicated control issue,
not something you can solve by grabbing some-
thing off the shelf”

NREL selected special batteries that tolerate rapid
discharge cycles and developed a computerized
controller for the wind-diesel hybrid system, which
will use diesel generators already operating in
Wales. The controller will fine-tune the operation of
the diesel generators, wind turbines, and batteries
in response to changing wind conditions. The
hybrid power system will save substantial amounts
of diesel fuel by providing both electricity and heat-
ing. It is scheduled for installation during the sum-
mer and fall of 1998. The new power system will
include two or three AOC 15/50 wind turbines with
a wind energy capacity of 100 to 150 kW.

“We picked the AOC 15/50 turbine for Wales
because it’s simple enough we can figure it out
and fix it ourselves,” Meiners says.

As Wales and Kotzebue gear up for their
respective wind projects, their enthusiasm for
wind is spreading to nearby communities. In
response to this interest, the State of Alaska and
Kotzebue Electric sponsored a workshop in the
spring of 1998 for utilities interested in wind
development. Workshop presenters discussed
wind technologies and the opportunities they
present to save on diesel fuel. They also high-
lighted the ways in which wind development
creates new jobs.

“We believe the development of wind in north-
west Alaska will provide employment opportuni-
ties for members of our communities,” Reeve says.
“When we displace expensive diesel fuel with
wind, we save money. This is money we get to
keep in our communities to build local economies
and create jobs.”

Reeve expects Atlantic Orient Corporation to
train a cadre of local operations and maintenance
workers (known as windsmiths) to keep
Kotzebue’s turbines in tip-top shape. Reeve says
windsmiths from Kotzebue will then be able to
use their skills throughout Alaska, in other states,
and even in foreign countries.

“Lots of people around here—forest fire fight-
ers, for instance—depend on ‘on-call’ employ-
ment,” Reeve explains. “We’ve had fire crews from
Alaska at every major national park forest fire, for
example. Our folks are used to being available to
work wherever they're needed—locally, nationally,
basically anywhere in the world.”

Atlantic Orient Corporation is enthusiastic
about helping the economy in Kotzebue.
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The National Wind Technology Center developed this village
power system controller. The computerized controller makes it
possible to adjust the operation of diesel generators to take
account of changing wind conditions.

“We're going to do training so we can use
Kotzebue windsmiths on other projects,” says
company President Bob Sherwin. “We're creating
real jobs up there.”

Reeve's vision of creating jobs with the
wind technology project has impressed local resi-
dents, state officials, and DOE. Thanks to its
many backers, Kotzebue may have as much as
2 megawatts of wind capacity by 2000. That
means Kotzebue residents could generate as
much as two-thirds of their power from the wind
on windy days.

That's good news. Diesel generation systems
are too expensive for poor communities to afford
if state energy subsidies disappear. And, even if
they were affordable, diesel generators require the
transport and storage of a fuel that poses a real
threat to Alaska’s land and coastal waters. Taking
cost and environmental impacts into account,
wind looks very good. It is less expensive than
diesel generation. It protects, not harms, the envi-
ronment. On top of all that, wind energy devel-
opment is creating much-needed jobs. The next
few years will show whether the technology can
perform well in the Arctic climate. If so, wind
power is sure to be a winner in Alaska. 4

N




32

TLe ]:e(]era] Wﬁl{l En_er )

Working with industry to keep U.S. wind energy technology competitive in global markets.

THE U.S. DEPARTMENT OF ENERGY’S (DOE’s)
Office of Energy Efficiency and Renewable Energy
manages the federal wind energy program in accor-
dance with national energy policy. Wind diversifies
the nation’s energy supply, takes advantages of a
domestic resource, and helps the nation meet its
commitments to curb emissions of greenhouse
gases, which threaten the stability of global cli-
mates. The federal wind energy program works
with industry to keep U.S. wind energy technology
competitive in global markets, thus strengthening
the economy. The program includes a comprehen-
sive wind energy research program, wind turbine
research and development, and support for utilities,
industry, and international wind energy projects.
DOF’s wind turbine research and development
activities are described in A New Generation of
Wind Turbines on the Horizon on page 12.

DOFE’s field offices and national laboratories
carry out program activities. The National
Renewable Energy Laboratory (NREL), located
in Golden, Colorado, is DOE’s lead laboratory in
wind technology research and development.
Sandia National Laboratories (Sandia), located in
Albuquerque, New Mexico, performs applied wind
energy research. Both NREL and Sandia support the
National Wind Technology Center (NWTC), located
at NREL. The NWTC is the nation’s only full-service
wind turbine testing center.

The federal wind energy program helps engi-
neers and scientists advance the technology need-
ed to create new wind turbine designs, better
understand how to integrate wind into utility sys-
tems, and improve U.S. technology to compete in
global energy markets. Researchers explore the
characteristics of the wind and how wind interacts
with a turbine rotor, study the physical and chem-
ical properties of the materials used to make
blades and other turbine components, and
advance the fundamental scientific principles
needed to improve wind technology. As research
engineers acquire a deeper understanding of these
principles, this knowledge becomes the founda-
tion for computer models and other design tools
used to design new technology.

- T

Left to right: Sandia National Laboratories in Albugquerque, New Mexico; Naf

Researchers envision the wind technology that
will be required by industry in 10 or 15 years, then
plan research projects accordingly. Then, when com-
panies are ready to develop a new turbine, cutting-
edge technologies and design tools are ready to help
them go to market quickly with new products. The
wind industry has neither the time nor the money to
invest in long-term basic and applied research.

The following tools are some of those DOE
is developing to help industry build better wind
turbines:

e Computer Models. NREL, Sandia, and university
researchers are developing a suite of design and
analysis codes that will make it possible for design-
ers to build a new turbine on the computer and
refine it for commercialization without having to
build and test prototype turbines.

o Advanced Controls. NREL is modifying its computer
models to include advanced controls. Advanced




Technology Center near Golden, Colorado.

controls adjust turbine operation to maximize energy
production and minimize wear and tear on the
machine. In 1998, the laboratory created a new
applied research team to lead an effort to develop
smart controls for next-generation wind turbines.

o Adaptive Blades. Adaptive blades, which change
shape in response to the wind, could increase tur-
bine performance by as much as 35%. Sandia
researchers are investigating adaptive blade designs
for constant- and variable-speed turbines.

o Advanced Research Turbines. A 600-kilowatt wind
turbine at the NWTC is the first of several
machines NREL will use for experiments to eluci-
date the basic scientific principles underlying
wind power generation. NREL will also use the
research turbines to develop advanced compo-
nents and test promising technologies that the
wind industry is unlikely to pursue because of
cost or technical complexity.

The following research projects will help utilities
better integrate wind power into their systems:

o Wind Forecasting. NREL researchers have shown
that accurate wind forecasts could save utilities tens
of millions of dollars a year by allowing them to
predict wind generation for the next day. NREL and
its utility partners are working on developing
sophisticated wind-forecasting tools.

¢ Wind Integration Studies. NREL is developing tools
to help utilities understand the effects of wind gen-
eration on conventional generation, transmission,
distribution, and other utility services.

The following government programs are helping
the U.S. wind industry compete in global energy
markets:

o (Certification Testing. NRELs National Wind
Technology Center conducts certification testing
for new wind turbines. Certification is required
in Europe, India, and other major wind energy
markets.

¢ Standards. Wind turbine sales abroad depend
on American technology complying with inter-
national standards. NREL, Sandia, and the
American Wind Energy Association are working
with international organizations to establish stan-
dards for safety, power performance, and blade
testing.

o Technical Assistance. DOE is bringing wind sys-
tems to areas where they are most needed by pro-
viding technical assistance in wind project planning
and implementation. DOE also provides technical
assistance for wind resource evaluations and tech-
nology development for international projects.
NREL and Sandia are currently supporting wind
projects in Argentina, Brazil, Chile, China, the
Dominican Republic, India, Indonesia, Mexico, the
Philippines, Russia, and South Africa.

The federal wind energy program and its part-
ners in industry and academia play a crucial role in
wind energy research, in the development of inno-
vative wind technologies, and in the dissemination
of these technologies throughout the world. In
recognition of the importance of these efforts,
Congress appropriated $28.6 million to support the
wind energy program in fiscal year 1997. ¢
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