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Summary:


Vermont Tech’s new Bergey wind turbine has a rated power of 10kW.  In order to cover the money expended to get it here – totaling about $38,000 – the wind must maintain an average speed of 18mph for the next ten years, resulting in a constant power of about 3 kW.  


Vermont Technical College secured funding last year for the acquisition and installation of an electric wind turbine.  The turbine was to be installed on site at Vermont Tech, and the power generated was to be used to supplement the electrical needs at the farm.


Money for the VTC wind turbine was allocated out of a 500,000-dollar federal grant for the development of wind energies.  The Vermont Department of Public Service gave VTC 33,000 dollars in order to promote wind energy education.  NRG Systems of Hinesburg, VT donated Three thousand dollars in wind metering equipment, and VTC paid two thousand dollars in out of pocket expenses for this project.  In total, the project cost came to approximately 38,000 dollars for all of the equipment and complete installation.


The wind turbine that was installed was a 10KW Bergey BWC Excel-S, and the tower was a 30 meter (100 ft.) Tilt-Up Tube type tower.  It is designed with wind over speed protection by means of auto-furling.  Auto-furling means that the wind turbine automatically turns out of the wind when the wind speed becomes too great to prevent damage to the turbine and supporting electronics.  The windmill at VTC has a cam driven auto-furling system wherein the force on the blades pushes a cam up a ramp.  When the wind speed causes a great enough force on the blades (at 35mph) the cam engages the furling tail mechanism, and the tail positions the blades perpendicular to the direction of wind so they are no longer loaded.

Turbine Specifications:


Start-up Wind Speed:  3.4 m/s (7.5 mph)


Cut-in Wind Speed:  3.1 m/s (7 mph)


Rated Wind Speed:  13.8 m/s (31 mph)


Rated Power:  10 kW (grid & pumping), 7.5 kW for battery-charging


Cut-Out Wind Speed:  None


Furling Wind Speed:  15.6 m/s (35 mph)


Max. Design Wind Speed:  54 m/s (120 mph)


Type:  3 Blade Upwind


Rotor Diameter:  7 m (23 ft.)


Blade Pitch Control:  POWERFLEX®


Over speed Protection:  AUTOFURL


Gearbox:  None, Direct Drive


Temperature Range:  -40 to +60 Deg. C (-40 to +140 Deg. F)


Generator:  Permanent Magnet Alternator


Output Form: 3 Phase AC, Variable Frequency 

(Regulated 48 - 240 VDC after VCS-10 or 240 VAC, 1Ø, 60 Hz with GridTek® inverter). 
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Wind turbine diagram used with permission from L. Strobridge


The wind turbine works by having equally spaced airfoil blades that are automatically positioned to face the wind and revolve, and in turn, rotate a shaft.  The shaft is coupled with a three-phase induction generator that converts mechanical energy into electrical potential.  This electrical potential is run through a series of signal conditioners and an inverter to develop a 60-hertz sine wave signal that is synchronized with the standard power grid. 

Power / Wind Speed Curve:
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In order to determine the energy that must be produced to cover the costs of acquiring and installing the wind turbine, the cost per kilowatt-hour (kWh) must be established.  CVPS’s website led us to believe that the cost VTC pays per kWh is approximately $0.14.  Considering the cost of the wind turbine at $38,000, the generator must return $0.433 / hour for the next ten years.  Therefore, it must maintain an average output power of 3.1kW; roughly one-third of its rated capacity.  Extrapolating from the above graph, the required average speed to maintain this power is about 18 mph.  That’s pretty fast!

Net metering is a utility resource usage and payment scheme in which customers who generate their own power are compensated monetarily. Net metering originated as a way to encourage consumers to invest in renewable energy sources such as solar or wind power. In a net metering program, the electric company allows a customer's meter to actually run backwards if the electricity the customer generates is more than they are consuming. At the end of the billing period, the customer only pays for their net consumption: the amount of resources consumed, minus the amount of resources generated.


Under the unfortunate circumstances of a grid power failure, the wind turbine will continue to produce power.  We could not find any credible information on what exactly happens in the event of a grid power failure.  We suspect that the possibility of net metering is disabled because no power would be able to get back to the grid.  Perhaps there is some sort of electronic switch that disconnects the turbine from the grid alone, or perhaps even all connected loads to protect from damage.

