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EXECUTIVE SUMMARY 

Lake Region State College hired EAPC Architects Engineers to study the 
feasibility of replacing existing natural gas-fired boilers with electric boilers and 
integrating a wind turbine on or near the campus to provide electricity to the 
College Campus. 

The College owns a parcel of land just north of the campus. The site is well 
suited for a wind turbine. It's in close proximity to the College's main electrical 
interconnection and the parcel is open farmland on a slight hill. 

A number of different turbines were considered to determine which had the best 
cost/benefit ratio for this application. The turbine that best matched the campus 
load was the Vestas V82, which is a 1.65 megawatt (MW) wind turbine. The 
estimated total cost for the project to replace two boilers and install and 
interconnect the V82 is approximately $2,937,600 and would take approximately 
1 O ~ years to pay back based on projected annual savings of $287 ,500 per 
year. 

INTRODUCTION 

Lake Region State College is interested in the possibility of connecting a wind 
turbine into the campus electrical grid for a number of reasons, including saving 
money on utilities, public relations, helping to stimulate the growth of North 
Dakota's wind industry, and the environmental benefits associated with clean, 
renewable wind energy. 

Single wind turbine applications require a favorable combination of three main 
factors; customer load, utility rates, and wind resource. If the customer load is 
substantial and the utility rates are high, then it may be financially feasible to 
supply electricity from a wind turbine owned and operated by the College. 

In this type of application, the electricity supplied by the wind turbine displaces 
power that would otherwise be provided by the local utility. The value of the wind 
energy is then equivalent to the retail rate of the displaced power. Any excess 
electricity produced by the wind turbine is fed back onto the local utility's system. 
The local utility credits the College for the excess electricity at a lower rate based 
on the utility's avoided cost. The avoided cost rate is usually in the range of 2.3 
cents per kilowatt-hour (kWh) in North Dakota. 

Because the value of the excess electricity is low, it doesn't make financial sense 
to produce more energy than will t>e consumed directly by the College. This 
makes it important to size the wind turbine according to the load that it serves. 



In this application, the College has four natural gas-fired boilers. By replacing 
two of the boilers with new, more efficient electric boilers, the College will be 
increasing the total electric load that can be served by the wind turbine, while at 
the same time qualifying for lower dual-fuel electric rates for the boilers. 

METHODOLOGY 

There are no standard methods for integrating a wind turbine on a campus. 
Each application is unique. Each campus has a different set of variables to work 
with including available land, utility provider, utility rates and rate structure, wind 
resource, and campus location relative to the surrounding city, roads, and 
airports. 

The process of determining how best to integrate a wind turbine is a matter of 
gathering all the appropriate puzzle pieces and determining how they best fit 
together to achieve the College's goals and objectives. 

Information gathered for this study included the following: 

• Industry-quality wind data 
• Local air density 
• Utility bills for each of the utilities that serve the campus 
• Background information on existing loads and future load growth or 

decrease. 
• Digital height information describing the topography within a 5-kilometer 

(km) radius of the wind monitoring station and the selected wind turbine 
site 

• Aerial photographs (1 m per pixel resolution) 
• Aerial photographs (8 m per pixel resolution) 
• Topographic maps (1 :24,000) 
• Topographic maps (1 :100,000) 
• Power curves and other technical specifications for the candidate wind 

turbines 
• Photographs from various locations where the wind turbine would be 

visible 
• FAA Airport Runway Classifications for nearest airports 
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WIND RESOURCE ASSESSMENT 

Methodology 

Wind measurements at the location and hub height of the wind turbine generator 
(WTG) are required to predict the annual energy production (AEP}. Typically, 
wind measurements are not available at the WTG site; however, data is available 
from a local meteorological (met) mast in the region. Computer programs 
(WindPRO and WAsP) were used to estimate the AEP of a WTG utilizing various 
modules to analyze the wind data and make corrections for the local site effects 
(topography, surface roughness and obstacles) incorporating vertical and 
horizontal extrapolation flow models. The procedure used to estimate the AEP is 
as follows: 

• Locate and acquire wind data from a local met mast. If less than three 
years of data is available, then locate and acquire longer-term coincidental 
data for long-term correlation. 

• Screen, clean, and analyze the wind data collected from the met mast. 
• Evaluate and describe the site effects surrounding the met masts including 

topography, surface roughness, and obstacles. 
• Correct the analyzed wind data for the met mast site effects to produce a 

site-independent characterization of the local wind climate known as a 
wind statistic. 

• Describe the site effects surrounding the proposed WTG site including 
topography, surface roughness, and obstacles. 

• Specify the location, air density and WTG parameters. 
• Use the wind statistic and engineering data for the WTG to estimate the 

AEP. 
• If less than three years of wind data is available, correct the AEP estimate 

based on a wind index developed from longer-term wind data. 

Wind Data 

Wind data from ALP0102 met mast was available from the Plains Organization 
for Wind Energy Resources (POWER) web site. ALP0102 is Site 2 of the 2001 
North Dakota Anemometer Loan Program performed in cooperation with the 
North Dakota Division of Community Services. The monitoring system was 
installed for the City of Devils Lake in Devils Lake, North Dakota, and is located 
in Ruger Park, which is shown relative to the wind turbine location in Figure 1. 
The wind speed and direction were measured at a 20 m level starting 11/23/01 
and stopping 7/8/03. 
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Figure 1 - Location of wind turbine and ALP0102 met mast 

The results of the analysis of the 20 m wind data is shown in Figure 2 and the 
Weibull data is shown in Table 1. The mean wind speed is 5.2 meters per 
second (m/s) and the wind energy is predominantly from the W to NNW 

Figure 2 - 20 m ALP0102 wind data analysis 
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Weibull Data 
Sector A- parameter Wind speed k- parameter Frequency 

[mis] [mis] [%] 
ON 6.14 5.45 1.892 6.0 
1 NNE 6.00 5.32 1.940 6.2 
2 ENE 6.28 5.58 1.839 6.0 
3E 5.17 4.58 2.013 4.7 
4 ESE 4.73 4.19 2.216 6.3 
5 SSE 5.90 5.23 2.392 15.5 
68 4.80 4.25 2.456 6.1 
7SSW 3.90 3.48 2.854 4.5 
swsw 5.16 4.60 2.817 9.6 
9W 6.49 5.75 2.137 12.0 
10WNW 6.80 6.03 1.942 11.3 
11 NNW 6.65 5.89 2.215 1'1.8 
All 5.88 5.21 2.039 100.0 

Table 1 - 20 m ALP0102 Weibull data 

Wind Resource Calculation 

Site conditions that can effect the spatial variation of the wind are input into the 
flow models as follows: 

1. Surface Roughness (shown in Figure 3). The digital map is generated by 
digitizing discrete surface roughness areas within a 20 km radius of the 
site. 

2. Topography {shown in Figure 4}. The digital map is generated from digital 
elevation models (OEM's) containing height contour descriptions at 10-foot 
intervals within a 5 km radius of the site. 

3. Obstacles (shown in Figure 5). Obstacles are identified by specifying the 
shape and porosity of obstacles within a 500 m radius of the site. 
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Figure 3 - Surface roughness classifications 

Figure 4 - Digital height contours 
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Figure 5 - Obstacles at the WTG site 

Annual Energy Production Calculation 

Once a specific location is chosen for the wind turbine, a detailed energy 
production calculation is made using the WindPRO software for each candidate 
wind turbine. The location chosen for the wind turbine is shown in Figure 6. 
Production estimates are based on the following parameters: 

1. Wind turbine power curves corrected to site air density. 
2. 20 m ALP0103 wind statistics. 
3. Topography - digital map generated from digital elevation models (OEM's) 

containing height contour descriptions at 10-foot intervals within a 5 km radius 
of the site. 

4. Surface Roughness - digital map generated by digitizing discrete surface 
roughness areas within 20 km of the site. 

5. Obstacles - specify the shape and porosity of obstacles within 500 m radius 
of the site. 
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Figure 6 - Wind Turbine Generator location 

To compare the wind energy level of the APL0102 data collection period to a 
longer term average, 8.3 years of wind data was obtain from the North Dakota 
Agricultural Weather Network (NDAWN) McHenry site. The location of the 
McHenry met mast is approximately 31 miles SSW of the APL0102 met mast 
shown in Figure 7. 
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Figure 7 - Location of the McHenry and APL0102 met mast 

The average monthly wind speed and direction were compared for the two sites 
using 21 months of concurrent data. There is a good correlation between the two 
sites. The wind speed comparison shown in Figure 8, has a correlation 
coefficient of 0.91 and the wind direction comparison shown in Figure 9, has a 
correlation coefficient of 0.96. 
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Figure 8- Chart of average monthly wind speed for McHenry and APL0102 
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Average Monthly Wind Direction 
~~-: C!"-:·._ •: ·~·-;.~::"'."'.::·~· .... :.~~-::-:~·~··.-:-~·~:".';.;"'•.~~-:-:-.&:;--.~ '.7"'.""~::~~;-:--::.--:·~".~ O~M.~~.-~ ...... ~:-=·~':'.~".":~.:~~-:·~~ 360 

-.; 315 +-~'--.......,.....,,_,,,..,...,..,....,,...,,,.,..,..,,,...,.,.;,,,-,,,...,.,,,...,..-.,,,...,,.....,,,.,.,,.,..,..,....,,.,,..,.,.......,..,..,.·~-~··-··.,..,....,~·~· -·--.,.....,..,. .... 1 270 .....-~.,..,_~,,._.,....,_.,,..,_,.,,.,,..,._,.._..,_,,.,,.,.....,.......,.,._,.~~-.-,.-,.,,--,..,..,..,-....,...,....._,...,...,.._, 

~ !~~~~S1$i~~~~~~~f;!~~~~~~~~~ ~ 225 
.§ 180 
~ 135 +i~+s::.2~±~±~r""'7:.-.-:"~:7.::'"""f~±+.,~~~ 
~ 90 +;'I~~~ ........ ~....,........,~~_, 
~ 45 +:;:.:....;;,..;;.;.:;.;;:;.;;_~:,;,.;;.;;.~.;;,;;;;.;;.;.;;.;;~~~~~~~~;!.;..;;;.;;.,;.;..;;.;.;i~~~ 

0 +--'~--~""T"~~,-·-·--•~-,--,,--•r--•-··~·~•_,-•_.,.-~-,---.--.-~t-·--~~--~··-"T-'··-r--; 

Figure 9 - Chart of average monthly wind direction for McHenry and APL0102 

A monthly wind energy index shown in Figure 10 as developed using the 
McHenry data normalized over the 8.3 years. The chart shows how the monthly 
wind energy varies from the average of 100. The wind energy index was used to 
determine what the energy level was during the APL0102 data collection period 
and apply a correction factor to the energy calculations if required. The wind 
energy index was 101for this period indicating an average energy level therefore, 
the energy calculations were not corrected. 
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Figure 10 - Chart of the McHenry monthly wind energy index 
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RESULTS 

Wind Resource Map 

As can be seen from the wind resource map (Figure 11) the lowest level wind 
resource areas are those within the City of Devils Lake. The trees and buildings 
provide surface roughness, which tends to decrease wind speeds. As you move 
away from the city in any direction, you can see that the surface roughness 
effects diminish and the wind speeds increase. 

Moving the wind turbine further from the city to a higher-level wind resource zone 
would increase energy production, but would also increase the power cable 
costs. Also, in order to directly supply energy to the campus, it is necessary to 
interconnect directly at the campus. Interconnecting to a power line somewhere 
off-campus and delivering the energy to the campus would involve transmission 
and wheeling charges, which complicates the project contractually, and 
increases the costs due to the transmission fees. 

Figure 11 - 70 m wind resource map 
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Estimated Annual Energy Production 

The annual energy production was calculated for a number of different wind 
turbines. The wind turbines considered ranged in size from a 660 kW machine 
up to a 1.65 megawatt (MW) sized machine. With the exception of the GE 1.5, 
which is made by General Electric in the United States, the rest of the wind 
turbines considered are of Danish manufacture. Each machine considered is a 
current production model available for sale in the U.S. with production models 
installed and operating in the Midwest. Each is capable of operating in extreme 
cold weather. 

The estimated annual energy production is listed in Table 2 fot each of the 
candidate wind turbines. The predicted energy production for each turbine. less 
10% to account for losses and uncertainties, was input into the utility analysis to 
determine the amount of electricity the College would need to purchase, and how 
much would be provided by the wind turbine. 
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Table 2 - Estimated annual energy production 
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SITING ISSUES 

Land Availability 

It was preferable to locate the wind turbine on state property 1n order to minimize 
costs and potential permitting issues. The best available site for consideration 
was the parcel just north of the campus. This site had adequate setbacks and 
was close to the main point of interconnection for the campus. which helps to 
minimize power cable costs. 

Setbacks 

Typical setback requirements usually pertain to the fall distance of the structure. 
Local zoning ordinances were not checked in this case. Because of the actual 
location selected, the turbine would be well beyond typical minimum setback 
requirements dealing with fall distance. If the project were to go forward, it would 
be necessary to confirm compliance with any local zoning ordinances. 

Icing 

Under certain atmospheric conditions, the rotor blades can develop a buildup of 
ice. If the rotor is turning while the blades are ice-laden, the ice can be thrown 
some distance from the turbine as it breaks free. In most cases, the turbine will 
automatically shut down during an icing event due to the rotor imbalance caused 
by the ice buildup. The ice will then fall directly at the base of the turbine, as it 
breaks free. Even when the rotor is turning, most ice will fall relatively close to 
the turbine base. It should be noted that there are no recorded incidents of ice 
thrown from a wind turbine striking a human being. 

While there are no uniform standards regarding the safe setback distance for ice 
throws, the most conservative recommendations found in the public domain 
come from a European study suggesting a setback distance equal to 1.5 times 
the sum of the hub height plus the rotor diameter. For the V82 wind turbine 
selected for this project, which has an 80 m hub height and a 82 m rotor 
diameter, this equates to a setback of 800 feet. The 800-foot setback is shown in 
Figure 12. There are a number of single wind turbine applications with a setback 
that is less than this recommendation. Far example, there is a wind turbine 
installed at a grade school in Spirit Lake, Iowa with a 300-foot setback from the 
school playground. 
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Figure 12 - 800 foot setback for ice tflrows 

Shadow Flicker 

As the blades rotate, they cast a moving shadow on the ground and on nearby 
buildings. This moving shadow creates a flickering phenomenon that can be 
annoying to some people. The zone where shadow flicker will occur has been 
calculated and the actual amount of time and time of occurrence has been 
calculated as well for four key locations near the wind turbine (shown in Figure 
13). The different colored isolines indicate the number of hours per year that 
shadow flicker occur in the respective areas. 
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Figure 13- Shadow flicker zones 

Noise 

Today's modem wind turbines are relatively quite. In most cases, the wind 
rushing past a person's ears will prevent them from actually hearing the wind 
turbine. Noise standards vary across the country, but a maximum level of 45 
decibels in a residential area at night is a typical limit enforced by ordinance. 
Figure 14 shows what the expected noise level will be at various distances from 
the wind turbine. 
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Figure 14 - Noise level isolines 

FAA Considerations 

The Federal Aviation Administration maintains restricted airspace in the vicinity of 
public airports. The allowable structure height depends on the type of runway 
and the distance from the runway. The zone of restricted airspace and the wind 
turbine location can be seen in Figure 15. In order to find out if the wind turbine 
is considered a hazard to air traffic, it would be necessary to submit an 
application to the FAA for a determination. Because the overall height of the 
wind turbine is greater than 200 feet, the FAA requires that the structure be 
lighted. Although the FAA has not adopted nationwide uniform lighting standards 
for wind turbines yet, red flashing beacons are usually considered to be 
acceptable. 
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Figure 15 -Airport approach zone 
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Aesthetics 

Photomontage 

Digital photographs were taken at a number of locations from which the wind 
turbine would be visible. The exact coordinates where each photograph was 
taken are recorded. Using a sophisticated computer program, the wind turbine is 
artificially rendered into the photographs to provide a realistic representation of 
what the wind turbine will look like from the various vantage points. The 
computer model uses manufacturer's information about the wind turbine to 
ensure that the wind turbine is properly represented in terms of size, shape, 
color, logo, etc. 

In order to ensure that the turbine is accurately rendered into the photographs in 
terms of size and location, a number of known points such as radio towers, water 
towers, comers of buildings, and trees in the photographs are marked and the 
coordinates are entered into the computer model. By using these control points, 
we are able to calibrate each photograph by adjusting the focal length, camera 
position and tilt angles, so that the wind turbine is accurately positioned and 
sized in each photograph. 

In addition, the exact time and date of each photograph is recorded and entered 
into the computer model as well. Using this information in combination with the 
sky conditions at the time of the photograph, the lighting on the wind turbine is 
also rendered accurately. 
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Figure 16 - Photomontage view from Strong's Hill 

Permitting 

Determining actual compliance with local zoning and ordinances was not within 
the scope of this study. In the event that this project should move forward, it will 
be necessary to investigate municipal, township, county, state and federal 
regulatory requirements during the permitting phase of the project. 
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UTILITY ANALYSIS 

Overview 

Otter Tail Power Company supplies Lake Region State College's electricity. 
Most of the campus load is supplied through the same meter. 

In order to determine the financial feasibility of this project, it is necessary to 
compare a ubusiness-as-usual" case where nothing is changed, to the case 
where the wind turbine supplies some portion of the campus's electricity. The 
campus's usage of electricity, as well as the amount of electricity generated by 
the wind turbine, will vary from month to month. 

In order to make an accurate comparison. the two cases must be compared on a 
monthly basis. Based on monthly utility bills, an average usage is projected for 
each month of the year. Based on detailed wind data and the specific power 
curve for the candidate wind turbine, the wind energy production is estimated for 
each month of the year. 

Since the monthly wind turbine output is always greater than the campus load for 
appliances and lights, an assumption is made that the wind turbine serves 80% 
of the campus load for appllances and lights. The remaining campus load is 
assumed to be served by the local utility. The remaining wind energy is assumed 
to be consumed by the electric boilers_ 

If there is excess wind energy after the total campus load has been served, then 
the excess energy is sold back to the local utility at a rate of $0.02361/kWh. 

Business-as-Usual Case 

Electricity 

In the "business-as-usual" case, a simplifying assumption is made to combine 
service charges, demand charges, and energy charges into a single "blended 
rate". This is done by taking the total utility charges for the year and dividing by 
the total energy usage to arrive at an average annual price per kWh. The 
blended rate for this project is $0.071 per kWh. 

The estimated monthly electric load is based on 4 years of historical data with a 
20% in crease. 
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Natural Gas 

The blended rate for natural gas for this study is estimated to be $9 per 
decatherm (Dkt}. This estimate is based on historical utility billing data as well as 
attempting to guess at what may happen to the price in the near future. 

The estimated monthly load is based on 4 years of historical data with a 20% 
increase. 

Wind Energy Case with New Electric Boilers 

Electricity 

In the case where some of the electricity is supplied by the wind turbine, actual 
utility service charges, demand charges, and energy charges are calculated on a 
monthly basis. Wind energy consumed by the campus is valued at the utilities 
retail rate. Excess wind energy that is fed back onto the local distribution grid is 
valued at the utilities avoided cost. Campus energy usage and wind generation 
are summed up on a monthly basis. 

The amount of electricity consumed by the new electric boilers Is based on 4 
years of historical data with a 20% increase. The gas boilers were assumed to 
be 65% efficient in converting energy to heat. The resulting actual heat energy 
used was then converted to equivalent kWh of electricity at 100% efficiency. The 
electricity consumed by the electric boilers that is purchased from the local utility 
is at the dual-fuel rate of $0.0253/kWh. 

Natural Gas 

Two existing gas boilers will be kept in service as backup to the new electric 
boilers. This allows the College to qualify for the dual-fuel rate of $0.0253/kWh 
as compared to the standard blended rate of $0.071/kWh. This rate only applies 
to electricity consumed by the electric boilers (not appliances, lights, etc.). Under 
the dual-fuel rate, the utility can ask the College to go off-line and use the backup 
gas boilers for a total of 400 hours per year during the winter months from 
November through April. During this time, the fuel cost for operating the boilers 
is assumed to be at the rate of $9/Dkt. 

Estimated Annual Savings 

The estimated annual savings is derived by comparing the estimated monthly 
utility bill from the "business-as-usual" case, to the wind energy case. The 
monthly savings are summed up to determine the annual savings. The detailed 
utility analysis can be found in Appendix C. 
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CASH FLOW ANALYSIS 

Once the annual saving have been estimated, a cash flow analysis is periormed, 
which incorporates the annual savings along with associated annual expenses to 
arrive at a net annual cash flow. 

Project costs have been estimated based on current prices. Actual project costs 
will vary based on current exchange rates, interest rates, the price of steel, and 
permitting costs. Cost assumptions can be found in Appendix A. 

The annual expenses taken into account are property and liability insurance, 
extended warranty costs, landowner lease payments, debt service, and operating 
and maintenance costs. For this particular application, landowner lease 
payments and debt service were assumed to be $0. 

The cost assumptions used for annual operations and maintenance (O&M) costs, 
insurance and extended warranties are shown in Appendix 8. The first two years 
of O&M and warranty are included in the initial cost. An extended warranty is 
assumed far years three through five. Beyond year five, the factory warranty is 
dropped. 

The detailed cash flow analysis can be found in Appendix D. 

CONCLUSIONS AND RECOMMENDATIONS 

This project appears to be feasible with a reasonable payback period that is 
considerably shorter than the expected operating life of the equipment. 

If the College decides to go forward with this project, it would be advisable to 
initiate discussions with the local utility in the earliest stages. 

It would also be advisable to start the permitting process as soon as possible. 
Particular attention should be given to the FAA permit, due to the close proximity 
to the airport. The FAA permit should be considered as a potential fatal flaw, and 
it would be wise to get clearance before purchasing equipment. 

Because of the short world supply of wind turbines, it is also important to secure 
the purchase of the turbine as soon as possible due to long delivery dates. 
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APPENDIX A 

PROJECT COST 
ESTIMATE 



Lake Region State College 
Wind Energy Study 

Costs 

Description Qty Unit Total Comment& 
Wind Turbine& 

Turbl11esi'Towers 
FAA Ligh11ng 

Balanc.e of Plant 
Foundation 
Transfom1er 
Turbine Erection Cranes 
Turbine Erection Labor 
Turb:ne Electrical LaDor 
Access Roads 
Colection System (buried) 
Colection System (overhead) 

Interconnection 
Facilities Study 
Transformc~ 
Interconnection 
Substation 
Transmissio:i Upgrade& 

Other 
Maintenance Building 
Land Acquisition Costs 
Construction Insurance 
Professional Fees 

Subtotal 

(feet) 
{feet) 
(miles) 

Subtotal 

Subtot.il 

Subtotal 

Subtotal 

1.65 
1 
1 

1 
1 
1 

1,000 
2,!iOO 

0.00 

Contingency 5% 
Total Installed Wind Turbine Cost 

Total Cost per Turbine 
Cost per MW 

Using 1.65 MW size tt.:rbinc MW 
$2,200,000 

$5.000 
S2 ,200,000 Vestas VB2 - 80 m tower, includes 2-yr warran:y 

$5,000 
$2,205,000 

S120,000 $120,000 Assuming spread footing, includes labor 
$20,000 $20,000 

$100,000 $100,000 
$35,000 $35,000 
$30,000 $30,000 

$11 $11,000 Geotech cloth & ~2" gravel. in~udes labor 
$12 $30,00C Includes labor 

SJJ,000 $0 Includes labor 

S3J,OOO 
510,000 
S3il,OOO 

$0 
$0 

S346,000 

$30,000 
$10,000 
$30,000 Switch gear, protection, etc. 

$0 
$0 

$70,000 

$0 $0 
$1,000 $1,00G 

$1{),000 $10,00C 
$40,000 $40,000 Legal, Engineering, Permitting 

$51,000 

$2,672,000 

$133,600 
$2,BOS,600 

1500 kW Electric Boll11rs 2 $66,000 

$2,805,600 
$1,700,364 

$132,000 

Prepared By Jay Haley, ::i .E. 
EAPC Architects Engineers 
Grand Forks, ND 
9/8!2006 

Total Installed Project Cost $2,937,600 



APPENDIX B 

PRIMARY INPUTS 



DESCRIPTION 
Financial 
Total Cost (from Costs Work.sheet) 
% Down Payment 
Down Payment 
Amount Financed 
Loan Rate 
Loan Term 
Project Life 

Revenue 
Ann·.1al Energy Output (AEO) 
Capa::.ity Factor 

Interest on Replacement Reserve 

Expenses 
Landowner Payment 
Sta:idard Warranty Period 
Additional Warranty Years 
Additional Warranty Cost per Year 
Annual Service & Maintenance 
Business lriterruptton lnsuram:e 
Property Insurance 
Liability Insurance 
Replacement Reserve 

Escalation 
Energy Sales Rate Escalation 
General lnnation Rate 

Prepared By: Jay Haley, P.E. 
l:APC Architects Engineers 
Grand Forks, ND 
9/812006 

Lake Region State College 
Wind Energy Study 

Primary Inputs 

INPUT 

$2,937 600 
100.0% 

$2,937.600 
$0 

5.0% 
10 
25 

5,673,000 
39.2% 
3.0% 

0.0% 
2 
3 

$15,000 
$15,000 
$2,000 

$15,000 
$3,000 
$3,000 

3.0% 
3.0% 

UNITS 

SS 
% 
SS 
SS 
o,'<. 

years 
years 

kWh/yr 
% 
% 

% 
years 
years 

$/turbine/year 
$/turbine/year 
$/turb inefyea r 
$/turbine/year 

S/year 
$/year 

%/year 
%/year 

COMMENTS 

Vestas VB2 - BO m tower & 2 - Electric Boilers 

See WindPRO reports 

Percent of gross revenue from sale of energy 
First two years typically included in pu'chase price 
Maximum of 5 years typically 

Based on turbine cost 
$2 Million Coverage 

No rule of thumb. What can you afford? Shouldn t need before year 1 O. 



APPENDIX C 

UTILITY ANALYSIS 



BualnNS As Usual 
f!l.:on<'!:11ftRah:c ($/lc\Atl) 
A\;cr11ur: Enerov U!i.~d ik\'\,1'· 
Tot'!lllElec1rK.81I 
Nll.(;U~lllo!;lSIWl<t 

Total Utility Bill wkhout Turbirie 

JOA 

$0.071C 
IA~.A11 

J'l.193 
•:112ti 

$44.91 I 

Fob 
$<:,0710 
1QS,!!$3 
$13,8'5 
$23.llM 

$41,&&9 

::·~::::!'.:,::~~w~r~~~1;:;En:ff::'.1;:::::~~:;::_:;::;;:~:,;.:·;;,:'.'::::., 
.a. ... ·er1ciel..;Hge{kWh) 
'-.IK\nti::j;o1~u1 (ki/V1) 
Gu &oltl"lDkn 

Tot1t EierQYT.1:1.r.d (Will~ 

To\111 Wir"d [l\tr!l'{ Oc1'11:ra".(d ~k\l\'li) 

Jolo·.c;:,;inl ol '/J1111i triorRY JtiCJ.j fc;r App~3:lCai (~'l 

Tc.1alW.·ld !r.erg'.' U~Qd I« App~rC.t$ <kl.\~) 

Tot~ \\,"tj 2:nl"·g1 Ui.r:l1 for Ao1 l~c:. C.k\.\tl) 

TQ:al Wrid E'l'eraY !...nd \kWh) 

Teitn' Err.'Cv Pu·c:hnM'!'I br A.~•t.n~!I. •k'hh; 

"ot• E;.l11doc Enlfly .P1.-ch&edbr B:>.IQrs tlW.,i 

UIS.at:! 
1520.&?J 

21ie 
308.47t: 

:;~J.~)l 

8Cl/t 

·;.a,6~ 

:'\64.~57 

513,:il.2 

37.15l 

255,!11 

1S~.~G) 

544,CDt 
Zl51) 

7~.-563 

St"4.Ci7:~ 

eD1.-. 

1515.450 

347.~7~ 

SC'4,07~ 

39.1"'-

19'6.376 

lhr 
S·l,071~ 

17'.l.M 
512.647 
$24.93!> 

07,581 

178.125 
HS,9l!l 

il65 
6~S.»& 

5~.236 

~o·,; 

1'2,500 

l!\5,736 

5:la,2:le 

l5.S25 

111,:..n 

Lake Region State College 
Wind Energy Study 

Utility Analysis 
Vestas V82 1.65 MW Wind T1Jrbint 

ao meter hub height 

...... 
$0,071G 
1n.ln 
$12.2~ 
514.56& 

$2&,802 

172.313 
257,570 

26& 
•79,88~ 

.t8],895 

!C~,"-

U'.l!J 

'~7'.573 

39.H2'> 

:1<4,46~ 

lb~ 

•0.0110 
14U7, 
UO,STO 

$11.'UI 

$19,371 

14U7S 
91.1'3 

?.4H9l 

•H.024 

e o ~, 

119.100 

Al, I'~ 

212.2·1 

~9.i75 

11,..,.go-r..r 
Juft Jul 
~0.071C $0.o710 
1'111.~I! 171.'M 
St1.27E S1i:.54 
$1,~3'! $U41 

$12,912 

158.'13 
0 
0 

15013 

431.:>1!6 

tO'-', 

121.J!O 

12).,,0 

31.763 

$U,4H 

171.1138 
0 
0 

'71.Hl8 

n~.too 

SQ~~ 

'16,930 

'36,900 

34.218 

A:1111 
l0.0710 
11!L.r.3t 
Sl3,C66 
1· .eso 

\14,726 

l!J.1.031 
D 
0 

1e;.,011 

419,351 

SOh 

14';'.z;n 

147,22:i 

~6.&06 

Tola I Wtt-0 erwwg·, sot..~ t.k\'Yh1 92,VD 28006 1;)4.:m .. -- iS.(030 ·-· ··-- 212.126 

Do>r'l\or.:Cfto<g< 
A.\'cnge Demand (t.w) JS1 J.81 37..c. 374 330 3,ee 
Dtm•'l<l ~h•rQ• ~ SfQ~••W SU4 UU4 $SC< $8l4 $&04 ~~·' 
n1:1niiii·•i Chl'r • $6511\V'I $1.827 $' ti"6 .. 17~ Sl ta5 $1.49~ iii.~~ 

To!•1DotmanLICh111i;• &2.631 $2,680 $2,S&i S2,590 S.?,lOl ·----s~:-47-l 

le.nergwCh•rgflsft:rAppllances 
Fir.I lOU.~UU(? $U.l'31!Hl<l\ll 
Dual Relit Ct't~'{tlt fi.>r Bi.>ilMli. ~ SD.D'2~3/~l 

jN.iurolG••@$g.ml 

Tot.!IU!ll;tyC'6rga• 

Ulll ~Credit& for EnN£1Y Sille\@ $0.023ilrl'.Wl 

Total Ut•lty BDI will-i T\J1'9irt1 

S1,4'.lti 
56.•7' 

'2.194 

s·a~• 

v. 

$12,t·>' 

$' .•80 
$4.~6S 

~-.~94 

$1'.523 

so 

S1t,5n 

~113.48 

S.Z,!1J 

.,.31W 
SS.HO 

:iO 

$0,1411 

Sl~.~1.31 
sg.m.99 

$21,441 

Sl.3'4 
SC 

$,.l~4 

S6.2t5 

52.1aJ 

"·1~5 

~20802.31 

S..105.2-J 
UU97 

51.12T 
$0 

sn 

S!.•3D 

~.1i1 

-U.~U 

SUl,3,.1.00 
·S3.:1<41.54 

nun 

S1,:X:2 
to 

$0 

SJ.57S 

•7.17& 

.$1,!!Cl 

.,.,o:;; ... c-: e, J,,,u.~, P.r: 
!:l.lllC ,._,d'>i:te& Fntl'IHJ~ 

~.~~IWY.~,ND 

375 
$B'l4 

51.7ae 
U,592 

51.296 
so 

50 

suas 

SS,t!lll 

.. u.110 

•5~ 
$&04 

$2,319 
U,143 

$'.3~3 

SD 

so 

54.~lG 

$6.•i~ 

-$1,Ht 

••ii• 
S0.0710 
19U~S 

SIUS5 
$4.~98 

$18,464 

I ~f.JG3 
>1,828 

0 
:74i'.!Je9 

•37,4:31 

EO'.'• 

a2,S!!il 

~'.~'~ 

n ... 576 

36,213 

232,775 

429 
UO• 

i2,14L 
52.~B 

Sl,44" 
$0 

$0 

!.',39• 

ob.'liiU 

.$1.102 

Oct 
so.or1;, 
1A •. 1', 
SU,073 
S14,t!i12 

$27,165 

184,125 
311.DHJ 

0 
'97,141 

.t8:i.917 

ac•.4 

14"1,3:)0 

11\,015 

•60,315 

JS.825 

25,651 

·~l 
~)4 

SU14 
52.77! 

Sl.J93 
so 

so 

S4.t72 

$601:1 

U,556 

:! ·~=· 

No• 
$C.W'O 
1~8.,~l 

$14,093 
¥<4;1•l 

$3!,141 

198.503 
412.886 

571.tJ4S 

477.Bj• 

•o~·, 

!!USO 

11~.nn• 

'17.l\S.. 

39.713 

isua2 

395 
$1104 

Sl.S11M 
$l.723 

S1~03 

Sl.8113 

S2.l94 

~1D.51l 

~·J 

$10,513 

ll<I• 
so.0110 
1~~.1M 

511,720 
SZ'il,723 

$41,451 

ia~.1es 
578.2~5 

2"E 
?4'J,4t'5 

517,57~ 

e1w~ 

112,150 

l\'.4'~ 

517.57~ 

l~.'135 

tll:<.S~3 

~71 

UC4 

>1.tGJ 
~.!Ci7 

i1.25C 
1"4,a1a 

$.;,JS4 

S11,0!IO 

•u 
$11,0IO 

To1111111I 

'111.~,e 

$151.490 
s1ee.e21 

$338.416 

' ... ~. 

:i.1~3.~f>(l 

J,4C8.28l 
•• ~96 

5,S41,9l9 

5,$13,tH 

1,7Cli,S25 

,,4U,1H 

4,2Cl,1H 

4H.7J1 

•10.1ts 

1,~U.196 

U.'-1& 
UZ,:K~ 

$l2,0i4 

J11,141 
sn.on 

$1C,lU 

M&,652 

$34,6$1 

no.•ss 



APPENDIX D 

CASH FLOW 
ANALYSIS 



'iefil 0 I 1 
Savings 

savngs From V82 - BO m Hub Heighl S287,5~2 
Interest Famed on RR $0 

Subtotal $287,522 

Operatinll Ellpensei; 
i_a1downer J'ayme~ts $0 
Additionill Waranty $0 
Service & MairleMr<.e ($15 020) 
Li~bilily li18Uf~r1Ce 1so,l>:a1 
Propert~ lns•iance ($15,0:01 
Buso1as• lnl~ru~tion Insurance (~.2.0·:01 

Sublntal (S3!'.-..o;:o, 

Replacement Reserve (RR) l~;:~.U~O} 

Net Savings $2411,5~2 

Accumulated Saving• S24S,522 

Accumula1ad Replacement Reserve S3.0CO 

Otlbt Service Amortlzatk>n (Annual) 
Total PrOj~ci Cost $2,937,SCO 
Down oayment S2,937,6CO 
Amount rinance·~ $0 
Term(yrs; ·o 

5~k 

lntere~t on Debt $0 
Less l'rtnapal l'aym~nt~ en rJP-h'. $0 

Subtotal so 

Net Saving• L&ss Debt Service $2"48,522 

Accumul1l&d Savings Leu nehl SP.t'Vlr.e s24;,s22 

($2,9:>T,500J $24S,522 

Prepared By: Jay Haley, P .E. IRR 10<J'. 

EAPC Archilects [nglneers 
Grand Fmks, ND 
e12312006 

Lake Region State College 
Wind Energy Study 
Cash Flow Model 

2 I 3 I " I s 6 

$296.11.7 t:l~S.032 $314,103 S32.'.\,608 $331,316 
590 $183 $27'8 $3T7 $476 

$296.237 $3~5.214 $314,461 $323,905 $333,79" 

$0 so SD $0 ~o 

so ($1~.UO\l) ($1!>,0(11.l) :s·s.0001 $0 
($1!i.o45(l) (Sl~.914) 1-s1u.3911 !$Hl,fJ83) (317.:>.891 

.'i;3 D30) (£:i, 111:j) ($3,l7~j ($:l,'.$f/) iS:.!,4/!I) 
{$1".4~\li (~1~/i.4) 1S16.391) :s10,8B?.) (~17.:IS91 

·.$2 0501 (~2. 1<~:0) \$2 HI~) (:02.2~1.' (S<!,:119) 
($38.050> ($~>2, 132) ($53 245) :S54,3D3'.• (i4C_:>7;,) 

ij;3 UJllj (~3.00 1>) c~:i :;oo) (S3,ooci~ (53.0001 

$257.187 $250.083 $259,215 $266,592 S29C,220 

$506.709 $756.792 $1 ,015,007 $1,281,599 $1,571,819 

$6 090 $9,273 $12,551 $15,1177 $19,405 

so $0 $0 so $0 
$0 $0 so so $0 
so $0 $0 so $0 

S2fi7.1B7 $250,083 $258,2' 5 $266,592 $290,220 

$506,709 $756.792 $1.015,007 s- ,281,599 $1,!571,819 

S2S7:87 $250.083 $258,2~5 s2ss.01J2 $290,220 

I --·-· 7 ! B . I 9 I 10 

$343,:lit. $35:1.~1:i $:1fi4,224 $375,151 
$582 $69() seo:· $914 

$3'3,A911 $354.305 $365,024 $37G.OG5 

$0 $0 SC $0 
$0 so SC $0 

($17.911) il'18 .-\4-~i (SHl,C02; iS19.572) 
($:1,!>021 \$36!10) (~·~am; ($:1.>rl41 

iS17J•11) (\;18 448) (S19,.J02: (519.~n, 

1S£.3HR) (~:< 4Gll) ($? f:l4) ($?,61f11 
(S4L'92.) ($43 MD) ($1·1.~:<7; ($45,66?) 

(S~.OJ01 (S3 QO!)) ($1.00~i \S3.Ci001 

$299.106 $308,2.59 $317,687 $327.398 

$1,670.925 s2: 79.1es $2496,872 $2,824,270 

$22,987 $2G.G77 SJ0,477 $34,392 

so so so so 
so $0 so $0 
~o $0 so so 

S299,106 $308,259 $317,687 $327,398 

$1,B70.925 $2.179.18!5 $2.496,872 $2,824,270 

$;2g9,106 $308,259 $317.687 $327,398 



I Vea~ 11 l 12 I 13 I 
Savings 
Savings ~rom VB2 • 8() Ill Hub Height $38!\.4~~ $397.997 S4G9,937 
lriterast E1nr1eu on ~R $1.032 $1,153 $1,277 

Subtotal $387.437 $399,150 $411,214 

Operating Expenses 
Laodowr.er Payments ;o $0 $0 
Addltronal Wananty ~Q $0 $0 
Seiv'ce & Mainte11<1n~-.. ($20, 159) ($20.7641 ($21.396) 
liabN~~ Insurance 1t'-.u:m 1,S4.1!\;{) 1S4./'7! 
Properly Insurance ($20 159) ($20,764) (S2U961 
Business 1n1e·uptio1 lrs'Jra1ce 1.S~.6U!H ;,~2 768) CS2,8~:.>l 

Subto!al ($47 037) (54~.4"-~l ($4('.!!~i) 

Replltement R.enrv1 (RR) 4~~·-'K;o, i$3.00Q) 1SS,O~Ol 

Net S1ving1 $337 400 $347,702 $358.313 

Ar.cumYll\led SAvings S3, 161 e10 $3,5·J9,371 $3,867,684 

Accumulated Replacement Reserve $311,A?:I $4?,576 $46,053 

Debt service Amortization (Annual) 
Total Projed. Cost 
Uownpayment 
AmoL11lFiria·1t."'Eltf 
lerm (yrs) 

Interest oo Uebt $0 $0 so 
L&ss Principal Payme11s o" D"t.>I $0 so so 

Subtotal $0 $0 $0 

Net Snings Leu llebt Service $337.400 $347,702 $358.313 

Accumulated Savings L~H Oebt Service $3,161,670 $3,509,371 $3,867,684 

$337,4~0 S34/.f02 $308,313 

Prepar<?d 5y: Jay Haley, P.E. IRR 

EAPC ArctMecls Eng neen1 
GrandF~. NC 
fl/23120-JO 

Lake Region State College 
Wind Energy Study 
Cash Flow Model 

14 L_ _____ 1s_ L 16 . J. 
$4n.ns $4~4.9o? $447,949 

51,406 $1,536 $' ,674 
$423,64" $43fo,440 $449,623 

$0 so SD 
f,-0 so $0 

($.22.02!>"1 ($22,Ea>•) ($23.370) 
(S~.40fi) (S4 ~32) (f.4.1'74) 

·:$22,0281 ($22.ESGJ ($23,310) 
(52,!J'.l7,i ($3,r.?f·J ($:1,l'f.) 

:ss1,:i99J 1s~2.;;11: (551,529) 

(33.<JOOi (S3,coo: (ii3.00·:ii 

$36Q,242 $380,499 $392,094 

17 I 
$461,388 

$1,814 
$463,202 

SJ 
so 

iS2•1,071i 
{$4,1114) 

1S24,07!i 
(o;<:l,?Of•) 

\S56. 165) 

(53.0'JOi 

HC4,037 

$4.23e,t126 $<'.617,426 $5.009,SZJ $5,413,558 

$51,259 $5!o,797 SG0.471 $05,205 

$0 so so $0 
$0 so so so 
$0 sr. so so 

$369,242 $380,49w $392,091 $404,037 

$4.236,92(1 $4 617,426 S5,0D9,520 SM13,55B 

$369,242 $3110.499 $392,094 $404,037 

18 l 19 
1 ____ 2_0_ I 

$475,230 $499,486 $504, 171 
$1,959 $2.107 $2,261 

$4i7, 188 $4~1.594 $500,432 

$0 $J S:J 
so s~ $0 

iS2•1.7'°3J ($25,536) (S25.303) 
(~;4,95fJ) (~5,107j ($5.261) 

1S24.nl3l 1s::ssw, \S,(i.30:!0 

(S:l.30ti) n:i.4nsj ($3/·0lj 
[S57.::150; 1S59,5S~i 1S6\,;:.73) 

(53.000j ($3,.:00:· ($3.~00' 

$416,33B $~29,000 $~1.2,059 

$5,829.8\la S6 258,905 $6,700,964 

$70,243 $75,351 $80,611 

$0 s::i $~ 

so $:• $~· 
so so $~ 

$416,338 $429,009 $442,059 

SM29,896 $6,258,S·OC> $6,700.064 

$416.336 $429,009 $442,059 



Lake Region State College 
Wind Energy Study 
Cash Flow Model 

I ----'fear! 21 I 22 I ~3 -] -24 I 25- J TOTAlr=l 
Savings 

.SavinQS ~rom Vll2 - 80 n Hub HeiOht 
;11L0resl !::arned on RR 

Subtotal 

Operating Expenses 
_ardowner Payrrenls 
Add1tlcnal '.Narranty 
Service & Mainl.-1ance 
~lolllllty Insurance 
~rnperty lnsJrance 
:Jusln<:!ss lntcrup11cn !llSYrance 

Subto1al 

R•plac•ment Reserv .. (R.Rl 

Nat Savings 

Accumlllaled Saving• 

Accurm.lla1ed Replacem1tnt Reserve 

Debt Service Amortization {Annual) 
Tol•I Pruject Cost 
)Ownpaymen·. 
Amount Financed 
Tem(yrs) 

111tcrcst en Debt 
_ess Pri icipal Payments on Debt 

Subtotal 

Net Savings LHs Debt Service 

Accumul•lecl Savings Len Otbl Service 

Prep3red By. Jay Ha:c·~. P.E. IRR 

EAPC Archi:ecis Engineers 
Grand Forks. NO 
R/?3i2C06 

$519,296 
$2.418 

$521,714 

so 
so 

tf>27,Cll2~ 

lf·fl.418; 
($2'f,C92'; 

($3.G12) 
1t.CJ,214; 

($3,GOC) 

S455,501 

$7.156,464 

- ·-·· 

$A6,C29 

so 
so 
so 

$455,501 

$7,156,464 

$455,SU! 

$5~4.975 
$2:,581 

$5'.\7,456 

SC 
so 

{S27,<04~ 

($!>.~Ht~ 

(S27.!iN' 
l.~:S.fl1; 

(SG5,1 IO:. 

1n:oo; 

$469,346 

$7,625,810 

$91,610 

s~ 

SC 
SC 

$469,34E 

$7 625,81C 

$469,346 

$5.t;n,921 
$2,H9 

$553,670 

$:l 
5:; 

($28,742) 
(S5,i.4t!} 

(:~~8,142] 

(S3.~J2i 

i$6/,Di;4) 

\S3,00:l; 

$483,606 

$8,109,418 

$97.~159 

S~· 
SG 
Sv 

$4S3,505 

$8,109,415 

$483,603 

$567,449 
$2,921 

$570,370 

so 
$0 

(S~9,f)U&) 

\5::>,!i21i 
1sn,1So-.) 

{S:J.il4'i1 
\$(lg,Q7f;1 

i$3,000) 

$41113,294 

$8,607,710 

$103,?.79 

$0 
$0 
$0 

$-498,294 

$8,607,710 

$498,294 

$58.4,472 
$3,096 

$587,571 
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Wind Energy Technician Program Final Report and Project Summary 

The Lake Region State College Wind Energy Project had two major objectives: (I) To site and erect an 
operating 1.65 MW wind turbine with step up and down transformers, interconnection facilities, standby 
capacity, retrofit boilers, and education/training use capacity. (2) To design and implement a wind turbine 
technician training program. Lake Region State College successfully completed both of these objectives. 

Objective 1 

As the Wind Turbine project was developed through the NDUS budgeting process and submitted to the 
Legislative Assembly in 2009, the total cost of the Turbine portion of the project was increased to 6.3 
million dollars. The increased in total cost was due to several factors: 1) increased costs of turbine 
components and construction costs (2 ) the need to enter into an energy performance management 
contract to pay the costs of the purchase and installation of the turbine that exceeded the appropriation (3) 
costs to convert LRSC's boiler system to high efficiency operation to increase energy savings in order to 

make the energy performance contract cash flow ( 4)inclusion of an existing energy performance contract. 
Turbine construction began in October 2012 and was completed in February 2013. The LRSC turbine 
began commercial operation on February 15th 2013. Native Energy provided $200,000 cash match in 

exchange for the Renewable Energy Credits. Received 12/16/13, documentation attached. 

Objective 2 

Lake Region State College completed development of the Wind Energy Technician Program certificate in 
July 2009. In July 2009, 18 students were accepted into the I st class of the Wind Energy Technician 
Program. The first students completed the certificate program in May 20 I 0. Students then have the option 
of continuing in the program to receive and Associate in Arts degree or seeking employment. During fall 
semester of 20 I 0, the program will began to serve the first cohort of AAS degree seeking students. 
Placement for graduates the first two years was outstanding, but has slowed due to the slow-down in the 
Wind Industry related to the stability of the PTC (Production Tax Credit). Placement reports attached. 

Private Matching Funds Summary 

Forward DL 50000 Received 

Nordic Fiberglass 29500 Received 

Cavalier County JOA 20000 Received 

Curriculum Develop 3300 Received 

Native Energy 200000 Received 

Nextera (Florida Power and Light} 187200 Received 

eCollege 10000 Received 

500000 



Lake Region received $500,000 of private matching funds. Native Energy only provided $200,000 based 

on current market for RECs, but an additional contribution of $50,000 was received from Forward Devils 
Lake. Lake Region State College has only received $104,000 in grant payments ($25,000 on 1-6-09 and 
$79,000 on 11-30-10) and requests that the balance of $346,000 paid upon receipt of this report. 
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