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Kettering University, formerly GMI, is known for its specialty in the fields of 

various technical careers.  This is the reason why this project of implementing alternative 

energy sources on campus was proposed.  Being a technical institution, Kettering 

University consumes a tremendous amount of energy.  By utilizing alternative sources of 

energy such as those provided by wind and the sun, the university should be relieved of 

some expenses and at the same time, show the world why it is considered one of best 

schools for technical careers. 
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Wind energy can be put to use by utilizing wind turbines to generate electricity.  A major 

factor in this implementation is location as wind speeds vary.  Higher altitudes possess 

winds at greater speeds and are therefore more favorable.  Extended research revealed 

that wind turbines had been installed on rooftops to take advantage of higher wind 

speeds.  Furthermore, it was gathered that the perimeter of a building’s rooftop served as 

an ideal location for mounting several wind turbines facing outward.  The following 

figures shows an example of such a system. 

 

 
Figure 1.  AeroViroment wind turbines featured by Boston Logan Building. 

Source:  http://www.avinc.com/media_gallery2.asp?id=305 

 

 
Figure 2.  AeroViroment wind turbines shown with optional canopy 

Source:  http://www.greatlakesgreenenergysolutions.com/imagegallery.html 



 

 Wind speeds are greater at higher elevations because of the difference in pressure, 

better known as the pressure gradient.  The greater the pressure gradient is, the faster 

wind flows in an attempt to create a balance.  In addition, wind flows from high pressure 

to low pressure or in other words, low altitudes to high altitudes.  This explains why the 

perimeter of a rooftop is preferred rather that somewhere in the middle of the rooftop.  

Often referred to as the “chimney effect”, wind accelerates along the wall of a building to 

reach the area of lower pressure at the top of the wall.  Figure 2 below shows the different 

wind velocities that take place as a wall is encountered as wind flows by. 

 

 Research 

 

 
Figure 3.  Wind Velocity Variations. 

Source:  http://www.avinc.com/downloads/AVX1000_online.pdf 

 

 This figure resembles the aerodynamics of a moving object, similar to that of a 

ground vehicle.  Rather than wind traveling from left to right, Figure 2 above can also be 

regarded as car traveling from right to left.  The blue shades represent minimum 

velocities and can be considered as stationary air, whereas shades of red represent the 

maximum wind velocity present and everything in between represents the transition from 

the minimum wind speed to the maximum wind speed. 

 

Another factor affecting wind speed is friction.  At ground level, winds running 

parallel to the surfaces experience friction which makes them travel at lower velocities.  

At higher altitudes, winds do not have to overcome surface friction which serves as 

another reason why wind speeds are greater at higher heights, which is also shown by 

Figure 2. 

 

To prove that the velocity of wind is greater at from a rooftop than the ground we 

were granted access to the roof of Kettering University’s Academic Building to take 

some wind measurements using an anemometer.  Figure 4 shows wind speed data 

acquisition from the ground and Figure 4 shows wind speed data acquisition from the 

highest rooftop on the Academic Building. 

 



 
Figure 4.  Taking wind measurements  

in the field behind the Mott Building. 

 

 
Figure 5.  Taking wind measurements from  

Penthouse 1 on the Acedemic Building. 



The Penthouse roofline was approximately 46 feet from the ground.  It was not a 

particularly windy day, but the measurements shown in table 1 still prove the reasoning 

that the wind velocity is greater at higher elevations.  The wind is consistently coming 

from the south-west direction. 

 

3-Dec Temp (F) Wind Chill Wind direction (mph) 

40 37 for all measurements : SW

Time 2:35-2:45 AVG.

4 4.5 3.6 2.7 3.1 3.58

8 3.6 4 3.6 3.1 4.46

12 3.1 3.6 4.5 6.3 5.9

Time 3:06-3:15 AVG.

4 4.9 6.7 4.5 5.8 5.475

8 5.4 4 5.4 2.7 4.375

12 4 3.1 7.2 6.7 5.25
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FROM THE GROUND

FROM ROOF PENTHOUSE 1

 
Table 1.  Wind velocity data comparing different elevations. 

 

In a meeting with the faculty of Kettering University’s Physical Plant Department, 

we were informed that a former student, Dan Rasure, now working fulltime for 

Sunflower Wind, was interested in installing a wind turbine on the school’s campus.  

Further investigation led to more specific details regarding what Sunflower Wind had to 

offer.  The wind turbine manufacturer proposed the implementation of their 100 kW 

turbine SFW 100.  This product stands at a height of 100 ft, and features three blades 

each of a length of 25 ft.  According to Sunflower Wind, Kettering University would save 

approximately $1,500 to $2,000 per year.  This cost analysis also takes into account the 

energy produced by the turbine being purchased at a rate of about 7 cents per kW-hr.  

Sunflower Wind also made the suggestion of installing the turbine somewhere nearby 

Kettering’s athletic field because of the open area.  The following figure shows a 

rendition done by one of their A-section co-ops, Joe Ploetz, how the turbine would look 

like after being installed on campus.  Its appearance is quite unique in that it shows how 

clean energy sources can be utilized in an efficient manner.  The color palette is custom 

reflecting our school colors. 

 



 
Figure 6.  Kettering University featuring Sunflower Wind Turbine 

 

 The wind cut in speed is 10 mph.  From researching the average wind speed of 

Flint throughout the years, data collected by the National Climatic Data Center (NCDC) 

was used and is shown in table 2.  The average annual wind speed is just over 10 mph.  

Peak gusts (PGU) are shown to reach up to 76 mph. 

 
http://www.ncdc.noaa.gov/oa/climate/online/ccd/wndspd.txt

Data through 2007 YRS JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC ANN

FLINT, MI 66 11.8 11.1 11.8 11.5 10.1 9 8.1 7.8 8.8 9.8 11.1 11.3 10.2 (mph)

http://www5.ncdc.noaa.gov/documentlibrary/pdf/wind1996.pdf

FLINT JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC ANN

DIR W W WNW WSW WSW SSW SW SSW SSW S SW SW WSW

SPD 11 11 11 11 10 9 8 8 9 10 11 11 10 (mph)

PGU 52 54 69 68 54 76 69 71 53 67 55 52 76 (mph)  
Table 2.  Average monthly and annual wind speed for Flint. 

 

The wind turbine might not be generating electricity constantly, but it is an 

opportunity to set the example about implementing renewable energy.  Jill Strnad, Small 

Wind and Leasing Director of Sunflower Winds, came to Kettering University for the co-

op employment fair and had the chance to meet up with our group.  She went in depth 

regarding the innovative design and technology behind their two wind turbine models.  

Sunflower Wind’s turbines use a hydraulic configuration instead of gears to translate 

wind into energy. 

 

To answer any questions that the Kettering Physical Plant may have, a phone 

conference was scheduled with Dan Rasure.  Installation details were discussed in depth.  

The Physical Plant has experience the installation procedure of the stealth cell phone 

tower in the Academic Fields.  Various topics included location, installation, and 

maintenance.  Location has to be at least 100 feet away from building.  A trench needs to 



be dug for wiring to the meter.  The first 50 feet of wiring is part of the contract.  No 

“safe zone” is needed.  Posts surrounding the turbine should suffice as protection as 

possible vandalism from vehicles.  Maintenance is done from the base (also referred to as 

the “dog house”).  The technician does not necessarily need to be from Sunflower.  An 

Eaton certified hydraulic technician can perform the required checkups and maintenance. 

 

In addition to informing us of Sunflower Wind, the physical plant department also 

made us aware of the fact that another company AeroViroment Inc. (AV Inc.) was 

currently installing wind turbines atop buildings in downtown Flint, similar to the ones 

seen previously in Figures 1 and 2.  They directed us to one of their local distributors 

Great Lakes Green Energy Solutions (GLGES) from Grand Rapids.  John Frederick was 

our contact from GLGES, and was very knowledgeable about green energy in Michigan.  

He made us aware of federal incentives for wind turbine systems up to $4,000 and how 

such incentives will be more prevalent in the near future.  John F. offered a full 

mathematical and on site structural analysis for $500, but this was out of our budget.  He 

did however supply a wind analysis done by AV Inc.  From the analysis, they 

recommended the location of possible roof top wind turbines as shown in Figure 6. 

 

 
Figure 7.  Suggested Installation location on the Mott Building. 

 

The following are specifications of AVX1000 from AV Inc. 

 

• Each module weighs 130 lbs (60 kg) 

• Roughly 4’ by 4’ 

• Canopy is optional 



• 50 decibels 

• Inverter needed for every 6 

• 5 mph (2.2 m/s) minimum operating speed 

• withstand wind gusts of 120 mph (54 m/s) 

 

Power of a wind turbine is increased dramatically with its size.  These wind turbines are 

some of the smallest on the market, but they do not require extensive installation.  The 

current structural integrity of Kettering University campus’s buildings should exceed the 

minimum requirements. Placing these wind turbines right after a parapet wall takes 

advantage of the “chimney effect” described earlier.  The end result is a 15% increase in 

the wind's velocity results in 50% more available power.  Figure 7 shows detail of a 

single wind turbine unit.  The canopy is optional and does not affect efficiency.  It merely 

provides some protection from nature’s elements. 

 

 
Figure 8.  Detail of single AVX1000 unit. 

Source:  http://www.avinc.com/images/userPub/CleanEnergy_AVX1000web_2.jpg 

 



Solar Panel Research 
 

There are two types of solar panels that our group researched: photovoltaic solar panels 

and solar thermal collectors.  Both sets of solar panels have different uses, and are 

divided into different categories as well. 

 

Photovoltaic Solar Panels 
Photovoltaics work by converting solar radiation into electric current to be used for 

immediate or future use. Power is directed through a charge controller, which prevents 

overcharging of batteries.  Batteries will convert the power to Direct Current loads, or an 

inverter is used to convert the electricity into Alternating Current for use in households. 

Uses include: home power generation and grid-connected electricity generation, which 

allows selling excess electricity back to the grid.  

 

 
Figure 9.Flowchart of the photovoltaic Process 

Source: www.gammasolar.com 

 

There are two main types of photovoltaic solar panels: Crystalline silicon solar panels, 

and amorphous silicon solar panels.  In both types of photovoltaic solar cells, the primary 

element is silicon, however there are some key differences.  Amorphous silicon solar 

panels aren’t as effective as the panels output less power, but are cheaper to manufacture 

and purchase.  Also, while amorphous silicon solar panels are less susceptible to 

breakage, they deteriorate more quickly, which causes power output to fail over time. 

 



 
Figure 10.  Insolation chart for Flint, MI. 

[x-value represents months of the year, y-values represent time of the day] 

Source: http://www.gaisma.com/en/location/flint-michigan.html 

 

The key source to photovoltaics’ power is the radiation given off by sunlight.  Solar 

insolation, which is a measure of how much solar radiation a given surface receives, 

means how much energy can be converted to electricity by the solar panel.  There are 

other factors that affect the output of solar panels, such as: weather conditions, shade 

caused by any obstruction to direct sunlight, and the angle and position at which the solar 

panel is installed. 

 

 

http://www.gaisma.com/en/location/flint-michigan.html


 
Figure 11.  Insolation data for Flint, MI. 

Source: http://www.gaisma.com/en/location/flint-michigan.html 

 

The information found in this figure illustrates the amount of measured insolation values, 

for Flint, MI.  This gives an idea of how much insolation that the Flint area receives in 

order to perform an analysis of the effectiveness that solar panels would obtain in Flint. 

 

Solar Panel Inverters 
There are two types of solar panel inverters, which can convert Direct Current loads to 

Alternating Current loads.  Stand-alone solar panel inverters, change direct current from a 

battery to an alternating current, so that it can be used for other uses.  Synchronous solar 

panel inverters, allow the generated power to be stored in a battery. Power can then be 

sold back to the utility company, if there is an excess, and utility companies may still be 

used to supply electricity.  Also, there are combination solar panel inverters, which are 

recommended in order to have more flexibility, but come at a cost. 

 

Cost analysis of solar panels: 

Attached, you will find a cost analysis of a solar panel system, in order to compare the 

effectiveness of solar panels to the effectiveness of the Sunflower wind turbine that our 

group had investigated earlier.  We used a rated wattage of 100kW and with the total cost 

of the system, we found that the amount of energy produced would be comparable to that 

of the turbine system; however, the initial cost of the solar panel system outweighs the 

cost of the wind turbine system.  Solar panels may be more efficient for small households 

and businesses; however, we determined that they would not be appropriate for Kettering 

University’s campus. 

http://www.gaisma.com/en/location/flint-michigan.html


 

Also, another issue that we found with solar panels is the amount of carbon emissions 

necessary to produce solar panels when compared to other technologies.  According to 

Figure 10, the parliament office of science and technology found that photovoltaics 

require at least 30grams of CO2 per kWh, while wind turbines only require 5 grams of 

CO2 per kWh.  This indicates that the price of using solar panels is much more than just 

the monetary cost, but also includes the environmental impact that they have. 

 

 
Figure 12. Graph indicating range of carbon footprints for  

UK & European ‘low carbon’ technologies 

Source: www.parliament.uk 

 

There is of course a trade-off between the carbon foot print of the coal power plant 

electricity currently in use by the school, verses the much less harmful energy from either 

wind or solar sources.  The amount of carbon emitted into the atmosphere from a modern 

coal power plant is approximately 0.93 kg/kWh.  This is in stark contrast to the 0.035 

kg/kWh for wind power, and 0.005 kg/kWh for PV solar panels.  This environmental 

impact must be weighed against the monetary costs of implementing a clean energy 

system. 

 

 

 

 

 

 

 



Solar Thermal Collectors 

There are two main types of solar thermal collectors:  evacuated tubes and flat plates.   

 

Evacuated Tubes 

Evacuated tubes feature glass tubes that are used to heat a working fluid, such as water or 

antifreeze.  These tubes are described as being evacuated because they contain vacuums 

which are intended to reduce the loss of heat from conduction.  This allows evacuated 

tube solar collectors to reach higher temperatures that those of flat plate solar collectors.  

Another advantage that evacuated tubes have over flat plates is their circular cross section 

which allows rays from the sun to be absorbed perpendicularly.  The following figure 

depicts the layers contained a single evacuated tube. 

 
Figure 13.  Single Evacuated Tube 

Source:   http://www.solarone.co.nz/ 

 

Flat Plates 
Like Evacuated tubes, flat plate solar thermal collectors consist of layers.  But rather than 

being circular, the layers are rolled out in a flat orientation and include:  an absorber 

layer, a transparent cover that reduces heat loss, a set of channels containing a heat 

transport fluid such as water or coolant. In the case of Kettering University, it is 

advantageous to utilize flat plate solar collectors that feature fluid channels made of 

polymers which are more resistant the crack propagation when exposed to extremely low 

temperatures.  The following figure shows a detailed cross section of a typical flat plate 

collector. 



 
Figure 14.  Flat Plate Solar Collector 

Source:  http://visual.merriam-webster.com/ 

Their simple design requires flat plates to be installed at a particular angle where an 

optimum amount of the sun’s heat can be absorbed on a regular basis.  Furthermore, the 

angle upon which flat plate collectors are mounted is dependent on the geographic 

location, mainly the distance from the desired location to Earth’s equator; in other words, 

the latitudinal coordinate.  Flint’s location is designated at roughly 43° north; therefore 

mounting flat plate collectors on campus at an angle of about 53° towards the southbound 

direction would be sufficient. 

 

By comparison, the conclusion was made that flat plate solar collectors are more 

beneficial because they are offered at lower costs than evacuate tube collectors, which are 

also much heavier.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Conclusion 
 

Based on the systems presented in this report, the group would conclude that the most 

attractive option for clean energy at Kettering University would certainly be a wind 

powered system.  Implementing a wind powered system would have a lower up-front cost 

than a solar power generation system while yielding a similar power output.  It is difficult 

to project the total cost over the life of a system, but based on our research it appears that 

a PV solar system would not be substantially less cost for maintenance, repair, etc.   

 

Although the options for micro-wind turbines mounted on roof-tops was not fully 

discussed here, it would be worth while to investigate (with approved funding), as an 

alternative to Sunflower Wind’s proposed system.  Sunflower Wind’s offer is attractive 

because of the low start-up costs and the warranty and support throughout the life of the 

system.  A more in-depth study of AeroVironment micro-wind turbines is worth while 

because of their lower operating wind speed, which may be more suitable for Kettering 

University’s site, as opposed to a large turbine as proposed by Sunflower Wind. 

 

Recommendations: 

 

 Pursue the contract details of Sunflower Wind’s proposal for a Wind Turbine 

 Allocate $500 to facilitate a full analysis by Great Lakes Energy Solutions 

 Compare projected system annual system outputs to implementation costs and 

annual maintenance costs of system (supplied by experts - GLES and Sunflower) 

 Calculate ultimate cost benefit/time to system payoff 

 



 

 
 

To compare to Sunflower Wind Turbine with 100 kW of power produced 


