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Project Description 

●  Carver County’s Public Works Facility has inquired about the 
feasibility of wind power 

 
●  Initial data from several years ago did not suggest an 

economic benefit 
 
●  New data and changes in technology may affect the analysis 

previously done 
 
●  Return on investment, payback period 



Project Description 

Considerations: 
 
●  Wind energy as a supplemental energy source 
 
●  Number and size of turbines 
 
●  Safety 
 
●  Environmental impact 
 
 



Wind Turbine Design 
 



Design 

Horizontal axis wind turbines (VAWT) Vertical axis wind turbines 
(HAWT) 
 

VAWT does not generate as much energy but is more versatile - it can be operated 
with winds going in all directions. For the Carver County design, HAWT will be 
used. 



Design - other considerations 
●  The turbine needs to efficiently capture wind energy and convert mechanical energy to 

electrical energy 
●  Requires mechanisms to start, stop, and point the turbine 
●  Integration of wind turbines into electrical grids  
●  Controller 

○  Responsible for operating the turbine under various conditions  
○  Can shutdown the turbine when the wind speed is too low to conserve energy and 

when the wind speed is too high to prevent damage to the turbine. 



Design - other considerations 
Turbine control: 
 
●  Pitch control (active) vs stall control (passive) 

 
●  Stall control relies on aerodynamic design of turbine, limited practicality for larger wind 

turbines (> 1 MW) 
 
●  Pitch control recommended 

 
Generator: 
 
●  Generator is needed to convert mechanical energy to electricity (generally 60 Hz AC 

motor) 
 
 
 
 
 
 



Design - other considerations 
Turbine blades: 
●  Drag type (lower rotational speed and higher torque) 

 
●  Lift type (pressure drop across blade surface causes lift) 

 
●  Lift type blades generate much higher rotational velocities and are preferable for 

electricity generation 
 
Turbine size: 
●  Small-scale turbines can generate up to 50 kW 

 
●  Turbines considered in design will need to provide sufficient power to electrical grid (up 

to several MW) 



Advantages and 
Disadvantages  
of Wind Power 



Advantages & Disadvantages of Wind Power 

●  Advantages 
○  No emissions - reduce GHG emissions! 
○  Many turbine sizes available 
○  Positive image 
○  Job creation 
○  Wind power is cheap! 
 



Disadvantages and Environmental 
Impacts ●  Noise 

○  Normally only a concern if close to 
turbine 

○  Distance of at least 300m 
recommended 

●  High installation cost 
●  Cannot control the weather! 
●  Visual Impacts 

○  The site of turbines is a nuisance and 
should be considered 

○  Wind turbine shadow flicker can induce 
adverse human health effects including 
annoyance and or stress 

●  Avian and bat mortality 
○  Chose an area with minimal bat and bird 

activity 
○  Install lights to “shoo” away animals 

●  Waste 
○  Waste from installation and from 

maintenance 
●  Safety 

○  Fenced-in area to keep people away 
from moving blades 

○  Aircraft safety - approach and takeoff 
paths 

○  Safety during installation and 
maintenance 

●  Land Use 
○  Could take away land from future 

development 



Wind Turbine Energy 
Input and Output  
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Wind Probability Density Function 
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Power Curve 

Source:	http://www.wind-power-program.com/Images/turbine_characteristics.htm/Typical%20power%20output
%20(500%20x%20330).jpg	



Capacity Factor 

		



Capacity Factor 

Source:		https://ay15.moodle.umn.edu/pluginGile.php/315195/mod_resource/content/3/2-Wind%20Energy.pdf	
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Southwest Whisper 200 
Aeromax Engineering Lakota  

Bornay Incline 1500 Kestrel Wind 800 

Turbine Options  



Capacity Factor 

		

		







Maintenance and Installation  
-  Tower installation is the first step followed by electrical 

configuration and finally turbine installation. 
-  Instructions for how to install the turbine are in the user 

manual found at: 
http://www.bornay.com/en/products/small-wind-turbines/wind-turbine-
bornay-1500 

 
Maintenance is recommended every 6 months and should 
cover:  
1.  Checking and re-adjusting torque on bolts 
2.  Checking the wiring 
3.  Visually inspecting blades 
4.  Checking the automatic breaking system 

 
Things to pay attention to: 
1.  Lubrication 
2.  Bearings 
3.  Shock absorber  
4.  Protective tape on the blades 



Economic Analysis 



Current System - city supplied 
electricity 

Charged $0.0492 per kWh for 
this time period, has since 
increased to $0.506 per kWh 

There is a cost to generate the electricity used and to 
deliver energy service to this location 

Can save ~$800/month by switching to wind power! 
  
 This is because delivery service charge is eliminated 



Southwest (Whisper 200) 
$3205 each   
3440.40 kWh/yr 
189 needed 

Payment	method	 Payment	at	
beginning	

Payment	of	each	
period	

Payoff	of	loan	 Profit	of	
each	year	

Total	profit	

Pay	all	the	money	at	
beginning	

$3205	 $0	 7.76	years	 $412.85	 $78028.65	

Loan	 100%	
profit	

$0	 $412.85	 10.07	years	 $0		
$412.85	

$0	
$78028.65	

20	years	 $0	 $257.20	 20	years	 $155.67	
$412.85	

$29421.63	
$78028.65	



Aeromax Engineering(Lakota S, SC)     
$2395 each      
2253.64 kWh/yr       
288 needed 
 

Payment	method	 Payment	at	
beginning	

Payment	of	each	
period	

Payoff	of	loan	 Profit	of	
each	year	

Total	profit	

Pay	all	the	money	at	
beginning	

$2395	 $0	 8.86	years	 $270.44	 $77886.72	

Loan	 100%	
profit	

$0	 $270.44	 11.98	years	 $0		
$270.44	

$0	
$77886.72	

20	years	 $0	 $192.18	 20	years	 $78.26	
$270.44	

$22538.88	
$77886.72	



Kestrel Wind (800) 
$2799 each      
2361.47 kWh/yr  
275 needed 

Payment	method	 Payment	at	
beginning	

Payment	of	each	
period	

Payoff	of	loan	 Profit	of	
each	year	

Total	profit	

Pay	all	the	money	at	
beginning	

$2799	 $0	 9.88	years	 $283.38	 $77929.5	

Loan	 100%	
profit	

$0	 $283.38	 13.96	years	 $0		
$283.38	

$0	
$77929.5	

20	years	 $0	 $224.60	 20	years	 $58.78	
$283.38	

$16164.5	
$77929.5	



Bornay (Incline 1500) 
$5130 each      
5935.78 kWh/yr  
110 needed 

Payment	method	 Payment	at	
beginning	

Payment	of	each	
period	

Payoff	of	loan	 Profit	of	
each	year	

Total	profit	

Pay	all	the	money	at	
beginning	

$5130	 $0	 7.20	years	 $712.29	 $78351.9	

Loan	 100%	
profit	

$0	 $712.29	 9.15	years	 $0		
$712.29	

$0	
$78351.9	

20	years	 $0	 $411.64	 20	years	 $300.65	
$712.29	

$33071.5	
$78351.9	



Conclusion 



Questions? 


