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CERTIFICATION Verifies Technology
and Opens Markets

STRUCTURAL TESTING Helps
Industry Improve Blades
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in Review




1998: THE YEAR IN REVIEW

January
The 18th Wind Energy Symposium, sponsored by the
American Society for Mechanical Engineers, is held in Reno, Nevada.

April
California consumers are offered their choice of electricity suppliers.
Six residential energy service providers offer “green” products using renewable energy.
At least two of these products include commitments to construct new wind projects in the state.

The Windpower ‘98 Conference is held in Bakersfield, California.
Participants tour the Zond Energy Systems, Inc., turbine manufacturing facility in nearby Tehachapi.

June
The National Renewable Energy Laboratory completes testing of a highly flexible wind turbine.
The test results are used to validate structural dynamics codes.
Researchers believe highly flexible turbines may help bring down wind energy costs.

August
National Wind Technology Center engineers complete full-scale testing
of a production Zond Z-48 wind turbine blade in the Industrial User Facility.
This is the first time a two-axis load test is performed on a blade in the United States.

September
Enron Wind Corporation announces completion of the
107-megawatt Lake Benton | Project, the world’s largest single wind power generation facility,
located near Lake Benton, Minnesota.

October
lowa Distributed Wind Generation Project,
consisting of three Zond Z-750 kW Series turbines, begins commercial operation.

Dedication is held for the first utility wind turbines in Nebraska at Springview.
Local residents celebrate Wind Turbine Day.

December
National Wind Technology Center receives accreditation from the
American Association of Laboratory Accreditors for wind turbine power
performance and acoustic emissions (noise) tests.
Laboratory accreditation will support international acceptance of the tests.
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THE WORD THAT BEST DESCRIBES WIND POWER TODAY IS GROWTH.
After several sluggish years, wind energy projects are popping up throughout the country.
Construction crews are busy getting wind turbines in the ground before June 30, 1999,
when the eligibility period for a federal tax credit on electricity produced by wind turbines
will end, unless legislation is passed to extend it. Most of the new wind turbines are being
installed in the Midwest and Great Plains states, where the winds are strong and steady and
agricultural land can be shared by wind turbines. In Alaska, utilities are interested in a small
but growing project in Kotzebue, Alaska, where turbines are cranking out power from
Arctic winds.

Worldwide, wind power continued to be the fastest-growing energy source in the world
in 1998. To compete abroad, U.S. wind turbine manufacturers are pursuing wind turbine
certification, now required in five European countries. Testing services are provided
by the U.S. Department of Energy Wind Energy Program in support of certification, and
Underwriters Laboratories Inc. serves as the U.S. certification agent.

The Federal Wind Energy Program continues to support wind turbine manufacturers in
their efforts to reduce costs. The goal of the program is to reduce the cost of energy from
wind to $0.025 per kilowatt-hour (in good wind areas). The goal will be achieved through
the combination of applied research, turbine research, and cooperative research and testing.
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In 1998, the Midwest led the nation in wind
energy capacity additions. The Lake Benton I
Project atop Buffalo Ridge accounted for 73% of
the 147 megawatts (MW) of wind energy capacity
added in the United States. Several smaller wind
installations went up in the Midwest as well. For
1999, the American Wind Energy Association esti-
mates that nearly 300 MW of wind capacity, or
about half of projected U.S. additions, will be
added in three Midwestern states: Minnesota, Iowa,
and Wisconsin. North Dakota and South Dakota
have huge, untapped wind resources.

Farmers and local residents have long known
about the near-continuous winds in some regions
of the Midwest. Wind energy advocates have been
lobbying for years for more wind turbines in the
region. So why are there now so many wind energy
projects built, under construction, or planned in the
Midwest?

The dramatic increase in wind energy develop-
ment in the Midwest appears to be the result of
many factors. In some states, utilities are required
to use wind energy. In addition to the Midwest’s
vast wind resource and work by wind energy

—

advocates, the dramatic reduction in wind energy
costs resulting from technology improvements has
contributed to increased wind energy use. In 1980,
wind-generated electricity cost about $0.35 per
kilowatt-hour (kWh). Today, advanced wind tur-
bines can generate electricity for $0.05/kWh or less
in areas with good wind resources. The federal
Production Tax Credit (for investor-owned utilities)
and the Renewable Energy Production Incentive
(for municipal utilities and electric cooperatives)
contribute $0.017/kWh for wind-generated electric-
ity, although the future of the tax credit is uncer-
tain. Funding for utilities to get experience owning
and operating wind turbines, through the
U.S. Department of Energy (DOE)/Electric Power
Research Institute (EPRI) Turbine Verification
Program, has been the key to some utilities’ deci-
sion to give wind energy a try.

In addition to technical and financial considera-
tions, many utilities are responding to customer
preferences for renewable energy: their customers
like the idea of clean energy from a local resource.
And some utilities hope that, by taking voluntary
action to add renewable energy to their systems,

When completed, the 193-megawatt wind power project near Alta, Iowa, will be the single largest wind project in the world. The
Zond Z-750 kW Series wind turbines, developed by Zond Energy Systems, Inc., will output enough power for 71,000 average
Midwestern homes. Two large utilities will purchase the power to meet a state mandate.
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they may reduce the likelihood that state or federal
restructuring legislation will demand it. Wind
energy plants also promise economic benefits to
the rural economies where they are built.

The Lake Benton I Project comprises 143 wind
turbines, each with a rotor (the part that spins)
diameter of 157.4 feet (48 meters), as wide as
a DC-10s wingspan. The towers are 168 feet
(51.2 meters) high. Each 1369-square-foot
(127.2-square-meter) turbine foundation covers
as much ground as a single-family home. One
750-kilowatt wind turbine can supply the annual
residential electrical needs of 280 average U.S.
homes. The project as a whole has a capacity of
107 MW and can meet the annual electrical needs
of more than 40,000 homes.

UTILITIES TOLD TO ADD WIND ENERGY

Like many of the large wind energy projects in
the region, the Lake Benton I Project was state
mandated. In 1994, the Minnesota legislature
agreed to let Northern States Power (NSP) store
nuclear waste at its Prairie Island nuclear plant but
required the utility to add 425 MW of wind energy
to its resource portfolio by 2002. NSP elected to
purchase wind-generated electricity from project
developers rather than owning and operating its
own wind turbines. To help meet the 425 MW
requirement, NSP signed an agreement with a sub-
sidiary of Enron Wind Corporation to purchase
power from the Lake Benton project, which Enron
owns and operates. Enron’s manufacturing company,
Zond Energy Systems, Inc., provided the Zond
Z-750 kW Series wind turbines. All but 132 MW of
the 425 MW mandated in the Prairie Island agree-
ment are under development.

In the Prairie Island legislation, the legislature
directed the public utilities commission (PUC) to
require another 400 MW of wind if the PUC deter-
mined it would be in the public interest. After
public hearings were held around the state, in
which consumers spoke out in favor of wind energy,
the PUC decided in January 1999 to require NSP
to add 400 MW of wind energy by 2012.

Residents of Lake Benton were skeptical when
the first wind turbine project on Buffalo Ridge was
built. (NSP agreed to purchase electricity from a
25-MW wind plant built by KENETECH Windpower
to help meet the 425 MW requirement.) In an article
in the Star Tribune, Lake Benton Mayor Marlin
Thompson said, “Some people were of a mind that
all this would not fit into the community. But it’s
been just the opposite” The town completed a
$2.5 million dollar street and infrastructure project,
including streetlight banners depicting wind turbines
and colored concrete poured in the main intersection

The three Zond Z-750 kW Series turbines at Algona, lowa,

are generating interest from local residents. lowa utilities
purchased the turbines with support from the U.S. Department
of Energy and the Electric Power Research Institute.

in the shape of wind turbine blades. The town calls
itself the Windpower Capital of the Midwest and is
planning to build a wind energy learning center to
attract students and tour groups.

NSP will purchase power from four other
projects under construction on Buffalo Ridge. A
second project developed by Enron and using
Zond turbines will be 103.5 MW, nearly as large as
the Lake Benton project.

Zond is developing a project in northwestern
Iowa, near Alta and Storm Lake, a 193-MW wind
power plant that, when completed, will beat out
Lake Benton to become the largest single wind
power project in the world. (Several geographical
areas of California, such as Altamont Pass, are
covered with turbines, but those turbines are part
of smaller, separately owned projects.)

The Iowa project is a result of an Iowa state law
requiring the state’s investor-owned utilities to invest
in wind energy. Enron will develop, construct, own,
and operate the project and MidAmerican will pur-
chase 112.5 MW of wind. IES Utilities, a subsidiary
of Alliant, will purchase 80.3 MW.
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The Zond Z-750 kW Series Wind Turbine

The Zond Z-750 kW Series wind tur-
bines are descended from the Zond Z-40
wind turbine, developed with support
from the U.S. Department of Energy
(DOE) under the DOE Turbine Research
Program. The Z-750 kW Series turbines
are designed in accordance with the
International Electrotechnical Commission
61400-1 standard for large wind tur-
hines. Zond expects to receive a Design
Evaluation Conformity Statement for the
Z-750 kW Series.

Zond has a subcontract with the
National Renewable Energy Laboratory
(NREL) to lower the cost and improve
performance and reliability of the
Z-750 kW Series. A 20% cost of energy
reduction is expected.

Zond’s variable-speed Z-750 kW
Series wind turbines are three-bladed,
upwind, active yaw, pitch-regulated
machines. The 750-kilowatt turbines
come in three rotor diameters: 151, 157,
and 164 feet (46, 48, and 50 meters).
Larger rotors are used in lower wind
speed areas. Airfoils (cross-sectional
blade shapes) developed by NREL are
used on the Z-750 kW Series turbines.

g 7

The Zond Z-750 kW Series wind turbine.

The Zond turbine blade under test at the National Wind Technology Center.

The advanced airfoil shape increases
aerodynamic efficiency of the rotor and
reduces the blades’ sensitivity to rough-
ness (caused by dirt and insect buildup),
which improves energy capture and
reduces the frequency of washings. The
blades are made from fiber-
reinforced plastic with epoxy resin for
shape stability. Blades are available
in white or black, which reduces icing
in colder climates. NREL performed blade

tests on the Z-750 kW Series wind tur-
bines. Each blade has a variable-pitch
control system. Blade pitch angles are
controlled by a hydraulic actuator system.

The Z-750 kW Series turbine uses a
six-pole, doubly fed, wound-rotor induc-
tion generator rated at 750 kilowatts
along with a converter system that
reduces the need for power conditioning
by 75% over standard variable-speed
systems. This configuration reduces the
size, complexity, and cost of the power
converter. The integrated drivetrain com-
bines the main shaft and gearbox into
one single unit, adding strength and min-
imizing the number of parts. The yaw
system is electrically operated and
directed by the controller. Two yaw drives
share the operating load. Turbines are
mounted on tubular or lattice steel
towers with hub heights of 180, 197, or
213 feet (55, 60, or 65 meters).

Zond’s integrated controller provides
reliable and comprehensive control of
wind turbine operations including pitch
and speed regulation, aerodynamic and
mechanical brake application, yaw con-
trol, hydraulic system control, fault mon-
itoring, user communication, and an
interface with the supervisory control
and data acquisition (SCADA) system.
The Zond SCADA system is designed
to assist in the management, operation,
and maintenance of each wind
power facility.
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Alliant is also purchasing power from a 42-MW
project being developed by Florida Light and
Power near Clear Lake, Iowa.

The Public Service Commission of Wisconsin
requires Wisconsin public utilities to carry out
activities to promote renewable energy develop-
ment within the state. About 20 MW are under con-
struction in Wisconsin.

Project developers are pushing to complete
these wind energy projects by June 30, 1999, when
the eligibility period for federal production tax
credits ends. The tax credits of $0.017/kWh (adjusted
annually for inflation) are available to investor-
owned utilities for 10 years. DOE and members of
Congress have proposed legislation extending the
credits but the future of the tax credit is uncertain.

Although these projects are the result of state
requirements, many other smaller projects are
cropping up in the region, the result of forward-
looking utilities that want to gain experience with
wind energy.

TURBINE VERIFICATION PROGRAM

The U.S. Department of Energy/Electric Power
Research Institute Turbine Verification Program
(TVP) helps utilities gain experience with owning
and operating wind turbines. The program also sup-
ports the validation of turbines developed under the
DOE Turbine Research Program. Participating utili-
ties share performance information and experiences
at TVP workshops and in reports.

Two TVP wind projects were installed in Texas
and Vermont in 1997. Also that year, DOE and EPRI
selected utility projects to evaluate distributed wind
generation using small wind turbine clusters

One of two Zond Z-750 kW Series turbines in Springview,
Nebraska, the first utility-sized wind turbines in the state.

connected directly to the electric distribution sys-
tem. Projects in Algona, Iowa, and Springview,
Nebraska, came on-line last year.

Distributed wind generation projects are con-
nected directly to a distribution line. Most existing
U.S. wind power plants use large numbers of
turbines at a single site with a substation and
transmission line interconnection. The advantage
of distributed generation is that utilities can use
existing distribution lines, which are located every-
where there are customers. Distribution lines are
more likely to be located near good wind sites than
transmission lines. The distribution lines must be
three-phase, not single-phase, and the wind
turbines need to be within several miles of a
substation so that the voltage of the distribution
lines is not adversely affected. Another advantage
of distributed generation is that it allows utilities to
locate generation nearer to load centers instead of
expanding centralized generation.

IOWA UTILITIES JOIN TOGETHER TO
LEARN ABOUT WIND ENERGY

Municipal utilities in Iowa were already talking
about a jointly owned wind power plant when the
TVP request for proposals went out in 1996. Seven
municipal utilities joined together to submit a
proposal and were selected to participate in TVP.
Municipal utilities and cooperatives in Iowa are not
required to use wind-generated electricity, as the
investor-owned utilities are, but state or federal leg-
islation may change that in the future. The utilities
figured “sooner or later we're going to have to get
into wind. Maybe the way to get into it is through
this program, where we can get into it for less
money and learn something about wind energy in
the process,” says Dave Martin, strategic projects
coordinator for Cedar Falls Utilities, the lead utility.
Customer support for renewables also encouraged
the utilities to participate. The project cost
$2.8 million, $1.3 million of which was funded by
TVP. The participating utilities shared the remaining
$1.5 million cost, which allowed each utility to
minimize its risk.

The Iowa Distributed Wind Generation Project is
located in the service territory of Algona Municipal
Utilities, which maintains the turbines. The other
utilities include Ellsworth, Esterville, Fonda,
Montezuma, and Westfield, Iowa.

Three Zond Z-750 kW Series turbines with
164-foot (50-meter) rotors sit atop 164-foot
(50-meter) tubular towers. The Algona project uses
the first commercial Z-750 kW Series turbines with
the 164-foot (50-meter) rotor. The annual average
wind speed at the site is 15.9 miles per hour
(7.1 meters per second). Annual power generation
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