
Wind Energy: 

Fundamentals, Applications, and Markets



9. Energy Distribution Technologies

ÅTechnologies that significantly 

increase energy efficiency

ÅBuild an integrated system 

within the electricity grid 

consisting of thermal 

generation, energy storage, 

and energy management 

systemsðsuch as combined 

cooling, heat and power 

(CHP)

ÅInstall numerous, small stand-

alone electricity generators to 

provide back-up power at 

designated locations as part 

of an energy assurance plan

ÅDevelop policies and 

incentives to implement CHP

9. Distributed EnergyTechnologies



13. Development or Implementation of On-

Site Renewable Energy on Government 

Buildings
ÅDevelop, implement, and install 

onsite renewable energy 

technology that generates 

electricity from renewable 

resources, including solar 

energy; wind energy; fuel cells; 

and biomass

ÅDevelop a community-wide 

power purchase agreement for 

solar/renewable energy 

installations on all tribal 

government facilities and 

buildings

ÅInstall renewable energy systems 

on targeted community 

facilitiesðpark facilities, libraries, 

fire stations, etc. 



Sizes and Applications

Small (¢10 kW)
ÅHomes

ÅFarms
ÅRemote Applications

(e.g. water pumping, 
telecom sites, 
icemaking)

Intermediate

(10 kW-1 MW)

ÅVillage Power

ÅHybrid Systems

ÅDistributed Power

Large (1 MW +)

ÅCentral Station Wind Farms

ÅDistributed Power

ÅCommunity Wind



Off-Grid Home with Wind/PV System

Å West of Boulder, CO, at 9,000 ft

Å Bergey 1500 wind turbine, 1.5 kW, 70 ft 
tower

Å Solarex PV panels, 480 W

Å 24 VDC battery, 375 Ah

Å Onan generator, propane-fueled, 
3 kW (at altitude)

Å Trace inverter, 120 VAC, 1 phase 

Å Propane used for range, refrigeration, 
space heat, hot water (w/solar pre-heat)

Å First wind turbine installed in 1978, fourth 
wind turbine now in service 

Å PV installed 1984 w/ tax credits

Å System cost about $20,000



On-Grid Home with Wind System

Å Tehachapi, CA, net metering for utility bill reduction 

Å Bergey Excel wind turbine,
23 ft rotor, 10 kW

Å Total installed cost was 
$34,122 in October 1999

Å California Buy-Down Program, 
$16,871 cash rebate

Å Estimated payback:  8 years



On-Grid Farm with Wind System

ÅSouthwestern Kansas

ÅUtility bill reduction

ÅBergey Windpower Excel wind 

turbine

10 kW, 23 ft rotor, 100 ft tower

Å~21,000 kWh/year generation, 

utility bill savings ~$2,800/year

ÅInstalled in early 1980s, ~$20,000, 

received federal tax credit

ÅMaintenance costs $50/year

ÅOne lightning strike, damage was 

covered by farm insurance



Medford, Massachusetts

ÅTurbine Size: 100 kW

ÅTurbine Manufacturer: 

Northern Power Systems

ÅDeveloper/owner: City of 

Medford, MA

ÅApplication: Net-metering 

for utility bill reduction at 

McGlynn Elementary & 

Middle School 



Hull, Massachusetts

ÅTurbine Size: 660 kW

ÅTurbine Manufacturer:  

Vestas

ÅDeveloper/Owner:  

Hull Municipal Lighting 

Plant

ÅCapacity: .66 MW



Ponnequin, Colorado

ÅTurbine Manufacturer:  

Vestas, NEG Micon

ÅDeveloper/owner:         

DisGen/Xcel Energy

ÅTurbine Size: 660-750 kW 

ÅCapacity: 31.5 MW

ÅCommissioned: 1999



Why Care About Wind 

Resource Assessment?

An accurate wind resource estimate is the basis for 

estimating the performance and economics of a 

wind energy project

Wind Resource Estimate

Energy Production

Project Economics



P = 0.5 rAv3

P - power,  watts

r - density of air,  kg/m3

A - area,  m2 (A = pD2 / 4)

v - wind speed,  m/s

Power in the Wind

Courtesy: Alternative Energy Institute
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WIND ROSE
Chadron, NE

Wind Rose Energy Rose



Importance of ñMicro-Sitingò



Wind Resource


