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Executive Summary 
 
The project helped tribal leaders, staff and community members on the Grand Portage, 
Leech Lake, and White Earth Reservations better understand their community’s energy 
usage, assess local resources that might be utilized to reduce energy consumption and 
begin to formulate appropriate development strategies.   The principal guiding interest 
was to assess energy usage and the potential for wind resource development on each of 
the three reservations.  Key tribal staff became familiar with wind energy technology and 
assessment methodologies that will be of continued use as each tribe moves forward with 
development projects. 
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The findings were that wind resources are available at each reservation with varying 
degrees of potential for development.  At White Earth moderate to excellent resources are 
present at White Earth village and along the U.S. 59 corridor sufficient to be tapped to 
serve several scattered tribal complexes.  At Grand Portage a former community 
television repeater tower site provides a viable elevated location for a wind turbine to 
serve the tribal community settlement.  At Leech Lake, while most constrained by tree 
cover, a site adjacent to a casino holds promise for the newer taller wind turbines now 
coming to market at ever-increasing taller rotor heights.  The project developed 
considerable data of importance regarding the potential for wind development on and 
near each reservation. 
 
Comparison of Actual Accomplishments with Goals and Objectives 
 
Goals: 
 
Grand Portage, Leech Lake and White Earth Reservations will seek to build a common 
foundation for strategic energy resource and utility planning capacity by banding 
together.  
 
Grand Portage, Leech Lake and White Earth (tribes) will develop strategic energy 
resource plans and model organizational documents for tribal institutions at each of the 
reservations. 
 
The goals were met. A strategic energy plan was developed for White Earth serving as a 
model for Leech Lake and Grand Portage.  During the course of the project 
implementation a knowledge foundation was laid at each tribe for implementation of 
specific projects to integrate renewable energy at tribe facilities.   
 
Objectives: 
 
Education:  Raising community awareness about energy issues through the distribution 
of basic educational materials and focused outreach activities aimed at facility 
managers. 
 
Assessment:  The identification and assessment of the basic on-reservation energy flow 
and consumption patterns, and the potential for energy policy development on issues of 
conservation, energy efficiency and application of renewable energy resources. 
 
Strategic Plan:  The development of an overall tribal energy vision and outlining long-
term strategic energy plans, including a statement, and goals and objectives, which may 
be tailored to the needs and resources of each reservation. 
 
Model Documents:  The development of model organizational documents, such as tribal 
codes and policies, to promote the formation of tribal utility institutions (offices, 
commissions, authorities) to better serve on-reservation loads and members.   
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These objectives were met.  The Education, Assessment and Strategic Plan objectives 
were completed as proposed.  The Model Documents objective was modified to include 
sessions with tribal leadership and recommendations in the strategic plan produced for 
White Earth as a template for the other two reservations.    
 
Project Activities 
 
The original approach was to conduct the educational activities concurrent with the 
baseline assessment activities.  With implementation of the project this was not found to 
be practical so this focus was moved to the final months of the project.  Also, originally 
the focus was upon facility manager involvement in the development of the project. 
This too was found to be impractical and designees from each tribe were utilized from 
planning and air quality management departments authorized to be involved in the 
project.  Also, originally the thought was that there would be interest in development of 
tribal institutions via discussion and review of model tribal code documents.  Tribal staff 
and administrators found that model ordinances were premature without near-term 
development projects.       
 
The Center for Sustainable Community Development, University of Minnesota Duluth, 
took the lead with much of the assessment activities and because of distance factors was 
the primary lead with Grand Portage tribal participation.  The White Earth Land 
Recovery Project staff and a staff member from the White Earth tribal planning 
department focused on the White Earth activities. From the accumulated research the 
White Earth Land Recovery Project staff prepared the strategic energy plan for White 
Earth and as a model for Leech Lake and Grand Portage.  They coordinated meetings, 
produced educational posters and distributed educational materials throughout the White 
Earth Reservation.  
 
Michael Rivard an experienced wind developer and financer assisted White Earth with 
evaluating tens of thousands of acres of tribal and nearby lands for targeted sites for 
potential wind development aided by EAPC Architects Engineers using WindPro for  
wind resource mapping.  Grand Portage, Leach Lake, and White Earth also utilized  
meteorological/anemometer towers on loan from NREL to begin to measure wind 
resources at selected sites. 
 
Publications 
 
The following reports were produced during the course of the project: 
 
White Earth Anishinaabe Nation Energy Plan, 2006, White Earth Land Recovery Project 
 
Final Report, Tribal Energy Feasibility Study, 2005 and 2006 update, Center for 
Sustainable Community Development, University of Minnesota Duluth,  
 
White Earth Wind Power for 2006-2007, 2006, Michael Rivard 
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Energy Audit, White Earth Reservation RTC Building, 2004, Otter Tail Power Company 
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Grand Portage Wind Study 
  
 The Center for Sustainable Community Development (CSCD) has been working in 
conjunction with Grand Portage to conduct a feasibility study to determine the wind potential on 
the reservation.  The feasibility study was a four step process; 1) measuring the wind, 2) 
analyzing the wind, 3) selecting a turbine, and 4) performing an economic analysis.  Following 
are the results of our study.   
 
Step 1) Measuring the Wind: 
 
 Grand Portage received an anemometer on loan from the National Renewable Energy 
Laboratory.  The anemometer (an NRG Wind Explorer) was installed on Mount Maud in January 
of 2004, and remained in place for 13 months.  According to data gathered during that time 
period, the location has proven to be a viable wind site.  The anemometer was mounted on an 
existing lookout tower that will be removed once the turbine is implemented.  Grand Portage is 
in the process of re-measuring their wind on the WDIO tower on Mt. Maud to rule out any 
interference the original readings may have experienced due to tower shadowing.  They will use 
three anemometers, spaced 10 m apart, to get a more accurate reading.  Mt. Maud is located 
within the Flaming Maple Ridge and has an elevation of 1754 feet. To access Mt. Maud there are 
a few miles of unpaved gravel road.  The nearest power line is approximately three miles away.  
The originally measured average annual wind speed was 14.3 mph at 20 meters.   
 
Figure 1. Map of Grand Portage 

 
Source: www.nps.gov/applications/parks/grpo/ppmaps/GRPOmap1.pdf 
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Step 2) Analyzing the Wind: 
 
 The method we used to analyze the wind accounts for many different factors influencing 
the power in the wind.  Influential factors include air density, the area intercepting the wind 
(swept area), wind speed and terrain.   
 The first step is to group an annual set of wind data into wind ‘bins.’   Wind speeds are 
sorted into ‘bins’ of 0.5-1.5 mph, 1.5-2.5 mph, 2.5-3.5 mph, etc.  This tells us the number of days 
in each wind bin.  Graph 1 illustrates the distribution of the number of each days in each wind 
speed bin.   
 
Graph 1. Grand Portage Wind Speed Distribution 
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 We then take the percentage of the total days that fall into that particular wind bin and 
multiply it by the power density (the cube of the wind speed multiplied by air density) and sum 
these numbers for a total Power Density (W/m²).  Examples from three wind bins are shown 
below in Table 1.   
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Table 1 
Wind 
Speed Bin 

Number 
of Days 

Percentage 
of Year 

Power Density 
(PD) .5pV^3 

PD*Percentage 
of Year 

(mph)  (%) (W/m²)  
1.5 – 11.5 … … … …

12.5 28 0.076712329 117.1875 8.989726
13.5 33 0.090410959 147.6225 13.34669
14.5 27 0.073972603 182.9175 13.53088

15.5 - 28.5 … … … …
Sum   221.218

 
 Next, we must adjust the Summed Power Density by extrapolating from the original 
height at which the wind was measured (20 m) to the projected hub height of the wind turbine 
(60 m).  It is also necessary to adjust this number by the wind shear according to the surface 
roughness of the terrain.  The wind sheer exponent for Mt. Maud is approximately .2, given the 
area’s rolling forested terrain.  We then multiply the adjusted power density by the number of 
hours per year (8760) and divide by the number of watts in a kW (1000) to get our final 
electricity output number in units of kWh/yr/m².  This number tells us the annual electrical 
output we can expect from a turbine, depending on the swept area and efficiency of the turbine.  
The overall calculation is shown in Table 2. 
 
Table 2 

 
 
 
 
 

Summed 
PD 

Orig. Ht. 
 

Hub Ht. 
 

Wind 
Sheer 

Adj. PD 
(H/Ho)^(3*α)*Po  

Output/m² 
 

(W/m²) (m) (m) Exp (α) (W/m²) (kWh/yr/m²) 
221.218 20 60 0.2 442.4360137 3875.7395

 Finally, using an example of a turbine with a 60 meter blade diameter and a swept area of 
2826 m², we estimate the output.  To determine the turbine output, we multiply the swept area by 
the output/m².  In order to determine the Net Turbine Output, we multiply the turbine output by 
the efficiency of the turbine, in this case 25%.  The calculation is shown in Table 3.   
 
Table 3 
Turbine 
Diameter 

Swept Area 
Π(.5d)² 

Turbine 
Output 

Turbine 
Efficiency

Net Turbine 
Output 

(m) (m²) (kWh/yr) (%) (kWh/yr) 
60 2826 10,952,839.8 0.25 2,738,209.943

 
Step 3) Selecting a Turbine 
 
 When choosing a turbine, there are many different issues to consider.  How much of the 
total consumption does Grand Portage want to cover?  What size turbine is best suited for their 
project?  Do they need a turbine that operates best with low average wind speeds or high average 
wind speeds?  Once we get all these preliminary questions answered, we can focus on the 
specifications of potential turbines.  The most important feature to consider in a turbine is the 
rotor diameter, which in turn gives you the “swept area” or the area of the turbine intercepting 
the wind and capturing the power. (See Figure 2 below)  It is also important to know the 
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efficiency of the turbine, or what percentage of the total energy captured is processed into usable 
energy.  There are many other elements to look at when selecting a turbine, including generator 
size, number of blades, tower type, height and cost.  All of these different decisions can be 
confusing and overwhelming to a community looking at wind for the first time and it is here that 
the CSCD believes we can be of assistance in sorting through all of the information.   
 
Figure 2. Swept Area Diagram 

 
 
 The end goal at Grand Portage is energy production from wind up to the capacity of 2 
MW.  Whether this consists of the installation of one single large turbine (1 – 2 MW) or a few 
medium sized turbines (i.e. three 600 kW turbines) is still in debate.  There are costs and benefits 
to either solution.  The major barrier to installing one large turbine is that most manufacturers of 
large turbines are only interested in wind farm projects, and it will be difficult to get a project 
developer to consider installing only one.  Additionally, the cost of installation and necessary 
equipment is extremely high for a turbine of that size, and typically makes economic sense only 
when installing multiple generators at the same site.  We also must keep in mind the limited 
access to Mt. Maud and difficulties that might incur while attempting to bring large machinery 
and equipment up the steep and rough road.  The major barrier to installing several medium 
turbines is that many manufacturers have shifted away from producing medium-sized turbines.  
The turbine market has polarized to either small (< 100 kW) turbines or large (> 1 MW) turbines.  
Although there are some turbines in the medium range, the options are fewer.   
 
Issues of Further Consideration  

1) Site – Mount Maud is a ridgeline of solid rock.  Installing in bedrock raises another issue 
to be addressed.  Although it can be done, additional time and money are necessary for 
the intensity required.  Running a 3-phase power line from Mount Maud to the Casino is 
another issue to consider with the site.  There are two feasible routes the line could travel.  
One is three miles long with limited road access and would be difficult and timely to 
service, especially in the winter.  The estimated line cost for this route would be 
$200,000.  The other route is six miles long on existing roads with better accessibility.  
The estimated line cost would be $400,000.   

2) Maintenance – The issue of service and maintenance needs to be considered in respect to 
Grand Portage’s remote location.  Several manufacturers have local area service 
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providers in Minnesota; however, most of them are located in the Southwest region of the 
state.  Grand Portage will need to take into account the possible delay in service when 
turbine maintenance or repair is needed.   

3) Insurance – It is highly recommended that turbine owners purchase insurance to protect 
themselves from incidents like mechanical damage, lightening strikes, fire, and liability.   
Some utilities might even require the power producer to purchase liability insurance on 
their turbines in case of an accident.  This adds another substantial cost that must be 
considered.   

4) Interconnection – Grand Portage was faced with two options when connecting their 
turbine.  The first option is to tie in to the grid, and buy and sell all their electricity 
through the utility.  This would require a power purchase agreement with the utility to set 
the rate at which they will buy the power (lower than retail).  The second option would be 
to connect the turbine directly to the end user, in Grand Portage’s case, the casino.  This 
type of interconnection is called ‘behind the meter.’  After research and conversations 
with the utility, we have found the second option to be the most efficient and beneficial 
way of interconnecting.  The casino will use all the available electricity (saving their 
retail rate) and then sell any excess to the utility (typically at a rate much lower than 
retail).  This is a viable option due to the fact that the casino is using electricity almost 24 
hours/day.  The casino does not experience the usual “down time” during the overnight 
hours, therefore probably won’t produce much excess power.  We are currently looking 
into the option of aggregating loads.  If it is possible, Grand Portage could aggregate their 
casino, community center, tribal office, and trading post loads into one and power them 
all with the turbine.  This would allow for the installation of a larger turbine.    

5) MISO – According to Don Stead of Arrowhead Electric, Grand Portage will not need to 
apply to the Midwest Independent Transmission System Operator (MISO).   A study 
done by MISO is required when entities want to transmit large loads of electricity 
through the grid.  Due to the fact that Grand Portage will be connecting ‘behind the 
meter’, they will not have to go through the timely and costly process of applying for a 
MISO study.   

 
Step 4) Economic Analysis 
 
Cost 
  Using the Suzlon 1.25 MW turbine as an example, we divided the costs into Upfront 
Costs and Annual Costs.  The Upfront costs are one-time payments to cover equipment, 
shipping, infrastructure, labor, and legal fees.  The Annual Costs are figured over 20 years and 
include insurance, operation and maintenance, utility charges, and finance.   
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Table 5. Upfront Costs 
 Suzlon 1.25 MW 
Turbine & Tower  $1,100,000 
Shipping $50,000
Transformer $17,500
New Power Line ($13/ft x 3 mi. – 6 mi.) $200,000 - $400,000*
Electrical Labor $15,000
Concrete & Rebar $30,000
Foundation Labor $15,000
Tower Imbeds/Bolts $15,000
Crane $100,000 – $200,000*
Labor - Erection $30,000
Legal $10,000
Total Cost $1,582,500 - $1,882,500
*cost will be determined by location of site 
 
Table 6. Annual Costs 
Insurance $12,000
Operation & Maintenance $40,000
Standby charge ($1.39/kW/mo) $20,850
Finance ($1.5 million, 6%, 20yrs) $129,241
Total $202,091
 
Revenue 
 To calculate the annual revenue, we multiply the net output of each turbine by the cost 
per kWh.  To determine the Net Turbine Output, we used the method described in the Step 2) 
Analyzing the Wind.  We multiplied the output/m² by the swept area of the turbine and by the 
efficiency of the turbine.  Below is an example of the equation used for the Suzlon 1.25 MW. 
 

⇒ 3875.7395 kWh/yr/m² (Output/m²) x 3421 m² (Swept Area) x .30 (Efficiency) = 
 3,977,671 kWh/yr 

  
 In order to determine the annual revenue, we first had to estimate a savings per kWh.  
This number is dependent on many factors, including the wind data, the size and availability of 
the turbine, the pattern of Grand Portage’s energy use versus their wind pattern, and the 
agreement with the utility.  Grand Portage’s savings will be $0.07/kWh when they are 
consuming electricity directly from the turbine and $0.03/kWh when they are selling their excess 
electricity back to the utility.  Therefore, at any given point in time, the savings will be in the 
range of $.0.03-$0.07.  For the purpose of this example, we assumed a revenue of $0.05/kWh or 
$0.06/kWh to calculate two different scenarios for the Annual Revenue.  Table 7 illustrates these 
calculations, with the annual kWh’s rounded up to 4 million.   
Table 6. Annual Costs 
Insurance $12,000
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Operation & Maintenance $40,000
Standby charge ($1.39/kW/mo) $20,850
Finance ($1.5 million, 6%, 20yrs) $129,241
Total $202,091
 
 
 
 
 
Table 5. Upfront Costs - Suzlon 1.25 MW 
Turbine & Tower 
Shipping 
Transformer 
New Power Line ($13/ft x 3 mi. – 6 mi.) 
Electrical Labor 
Concrete & Rebar 
Foundation Labor 
Tower Imbeds/Bolts 
Crane  
Labor - Erection 
Legal 

$1,100,000
$50,000
$17,500

$200,000 - $400,000*
$15,000
$30,000
$15,000
$15,000

$100,000 – $200,000*
$30,000
$10,000

Total Cost $1,582,500 - $1,882,500
*cost will be determined by location of site 
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