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RENEWABLE ENERGY CURRICULUM DEVELOPMENT AND WIND 
ENERGY FEASIBILITY STUDY AT TURTLE MOUNTAIN COMMUNITY 

COLLEGE 
 
 
1.0 BACKGROUND AND INTRODUCTION 
 

1.1 North Dakota 
 

North Dakota has an outstanding resourceCproviding more available wind for 
development than any other state. According to U.S. Department of Energy (DOE) studies, 
North Dakota alone has enough energy from good wind areas, those of wind power Class 4 and 
higher, to supply 36% of the 1990 electricity consumption of the entire lower 48 states. At 
present, no more than a handful of wind turbines in the 60- to 100-kilowatt (kW) range are 
operating in the state. The first two utility-scale turbines were installed in North Dakota as part 
of a green pricing program, one in early 2002 and the second in July 2002. Both turbines are 900-
kW wind turbines. Two more wind turbines are scheduled for installation by another utility later 
in 2002. 
 

Several reasons are evident for the lack of wind development. One primary reason is that 
North Dakota has more lignite coal than any other state. A number of relatively new minemouth 
power plants are operating in the state, resulting in an abundance of low-cost electricity. In 1998, 
North Dakota generated approximately 8.2 million megawatt-hours (MWh) of electricity, largely 
from coal-fired plants. Sales to North Dakota consumers totaled only 4.5 million MWh. In 
addition, the average retail cost of electricity in North Dakota was 5.7 cents per kWh in 1998. 
As a result of this surplus and the relatively low retail cost of service, North Dakota is a net 
exporter of electricity, selling approximately 50% to 60% of the electricity produced in North 
Dakota to markets outside the state. 
 

Keeping in mind that new electrical generation will be considered an export commodity to 
be sold outside the state, the transmission grid that serves to export electricity from North 
Dakota is at or close to its ability to serve new capacity. The markets for these resources are 
outside the state, and transmission access to the markets is a necessary condition for any large 
project. At the present time, technical assessments of the transmission network indicate that the 
ability to add and carry wind capacity outside of the state is limited. Identifying markets, securing 
long-term contracts, and obtaining a transmission path to export the power are all major steps 
that must be taken to develop new projects in North Dakota. 
 

1.2 Turtle Mountain Chippewa Reservation 
 

The Turtle Mountain Indian Reservation, home to the Turtle Mountain Band of 
Chippewa Indians, is located in Rolette County in north central North Dakota and encompasses 
approximately 72 square miles. While approximately 29,000 members are enrolled in the tribe, 
only approximately 12,000 members actually reside on or near the reservation. With the largest 
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tribal enrollment in the nation and one of the nation=s smallest reservation areas, the Turtle 
Mountain Indian Reservation is the most densely populated Indian reservation in the country. 

 
These 12,000 residents on or near the reservation comprise approximately 89% of Rolette 
County=s population. 
 

The 1998 Bureau of Indian Affairs Labor Market Report placed Turtle Mountain Indian 
Reservation unemployment at 56%. The 1990 U.S. Census ranked Rolette County the 48th 
poorest county in the nation. 
 

1.3 Turtle Mountain Community College 
 

The Turtle Mountain Community College (TMCC) was established in 1972 and currently 
accommodates approximately 700 full- and part-time students. TMCC is one of the original 
charter members of the American Indian Higher Education Consortium. TMCC has had 
accreditation status with the North Central Association of Colleges and Schools Commission of 
Institutions of Higher Education since 1978 and in 1994 was recommended for 10-year 
continued full accreditation. 
 
 
2.0 RESOURCE POTENTIAL 
 

The renewable resource with the greatest potential for development in North Dakota is 
wind. Considerable monitoring and analysis work has been performed to determine the wind 
resource for the state, the reservation, and a specific site at TMCC to establish, with reasonable 
certainty, the potential for generation from a commercial wind turbine. Specifically, an adequate 
resource potential exists in both geographic areas proposed in Phase 2 to make it worthwhile to 
undertake further project work. 
 

2.1 Wind Resource 
 

As shown in Figure 1, the Turtle Mountain Indian Reservation possesses some of the best 
wind resources in the state, ranked as Class 5 and higher. The Turtle Mountain Chippewa Tribe 
has performed wind resource assessment activities in the past and is currently operating a  
100-kW wind turbine. 
 

In addition, TMCC has been collecting wind resource data at a location adjacent to its 
campus building since October 1999. Detailed results of the TMCC wind resource assessment are 
included in Appendix A. The wind resource assessment indicated an average annual wind speed 
of approximately 13 miles per hour at the 40-meter monitoring height. 
 

The TMCC wind resource assessment indicated that the location adjacent to the campus 
building might not be the most optimal location for placement of a wind turbine for the sole 
purpose of converting wind into electricity. However, in TMCC=s case, the secondary goal of  
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Figure 1. North Dakota wind resource map. 
 
providing a working classroom for its wind energy students in close proximity to the campus 
building may be as important as offsetting retail electrical generation. 
 
 TMCC will continue to collect wind data at the current monitoring location to increase 
the reliability of wind characteristic interpretation and wind turbine production projections. 
 
 2.2 Access to Land  
 
 Land with good wind resource potential is available in two areas. A site at TMCC is 
already marked for a wind project, and most of the wind monitoring has been conducted at this 
site. In addition, reservation land and tribal trust land in the southeast corner of the reservation 
adjoin the transmission corridor for a new 230-kV line connecting Harvey, North Dakota, and 
Glenboro, Manitoba, Canada (Figures 2 and 3). 
 
 The next phase of commercial development for the TMCC project will be to establish the 
commercial potential for this second site and to begin the work necessary to establish a 
commercial wind farm to take advantage of the opportunity offered by transmission access. An 
estimate of the potential for development will be based on available and suitable land. Available 
land is land with some expression of interest on the part of the owners or relevant authorities. 
 
 The suitability of the land will depend upon factors such as wind load factor, accessibility 
to transmission, construction season, and other factors. 
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Figure 2. Proposed transmission corridor. 
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Figure 3. Detailed view of proposed transmission corridor. 
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3.0 PHASE 1 ACTIVITIES 
 
 Phase 1 proposed to investigate the feasibility of commercial wind energy development 
on the Turtle Mountain Indian Reservation and begin development of a college curriculum 
focusing on renewable energy, specifically wind energy. 
 
 3.1 Commercial Wind Energy Feasibility  
 
 The feasibility of commercial wind energy development on the Turtle Mountain 
Reservation was investigated using two types of projects. One project consisted of a single 1-
MW wind turbine located adjacent to the TMCC building in an area where wind-monitoring 
activities have already been performed. The other project considered was a larger 30- to 50-MW 
wind farm most likely located in the vicinity of the southeast corner of the reservation. 
 
  3.1.1 Single 1-MW Turbine  
 
 The 1-MW wind turbine project would serve two immediate needs. First, it would 
provide a commercial project that could be integrated with the TMCC curriculum and introduce 
TMCC students and the tribe to the potential for wind power. Second, the turbine could provide 
much of TMCC’s electrical requirements. 
 
 The TMCC campus currently consists of a single 105,000-square-foot building 
constructed in 1999. TMCC is planning to expand its existing campus building by 30,000 square 
feet in 2002 or 2003. A plot of TMCC’s electrical usage since March 1999 shows that the annual 
electrical consumption of the college is between 2600 and 2800 MWh. Also notable in Figure 4 
is the fact that the electrical consumption on a monthly basis follows a pattern similar to the 
production characteristics of typical wind turbines in this region of the country (i.e., increase 
during fall through spring). Based on the economic analysis performed during the Phase1 
project, the proposed 1-MW turbine has the ability to “back out,” or offset, approximately 90% 
of the electricity purchased on an annual basis from the private utilities that serve TMCC. On a 
monthly basis, a 1-MW turbine would most likely produce more electricity than required by the 
college during certain months of the year. These estimates were based on the existing campus 
building and do not include expansion plans. 
 
 Several assumptions were made to determine the economic feasibility of the 1-MW 
turbine project. Shown in Table 1 are the assumptions used for the “best-case” and “worst-case” 
scenarios. 
 
 The detailed economic analysis results are included in Appendix B. They show the 20-year 
project cash flow analysis performed as part of the Phase 1 feasibility study. The results of the 
economic analysis show that over a 20-year period, the 1-MW project will produce a net income 
with a present value of between $160,000 and $697,000. This positive cash flow will provide an 
incentive for TMCC to manage and maintain the project since the potential net income will only 
be realized if the turbine runs efficiently. The projected operation and maintenance expenses 
paid by the project will be income to either TMCC personnel or tribal members. As a result, the 
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Figure 4. TMCC electrical usage. 
 

Table 1. 1-MW Project Economic Analysis Assumptions  
Assumption  Best-Case Scenario Worst-Case Scenario 
Installed Turbine Cost $1,000,000 $1,000,000 
Principal Financed by TMCC $500,000 $500,000 
Interest Rate 5% 5% 
Term of Loan 20 years 20 years 
Annual O&M and Administrative Costs $100,000 $100,000 
Production Tax Credit $0.15/kWh $0.15/kWh 

Annual Turbine Production 3,500,000 kWh 2,600,000 kWh 
Turbine Load Factor 40% 30% 
Price of Offset Electricity $0.05/kWh $0.04/kWh 
 
 
net positive impact of the project on the economy of the area will be even more pronounced than 
the net present value the net income suggests. 
 
 Since overgeneration of electricity by the TMCC wind turbine may not in fact be 
economically beneficial, installation of a 660-kW wind turbine was also investigated. Results 
from the TMCC wind resource assessment between October 1999 and December 2000 were used 
to forecast wind turbine production numbers and characteristics. A Vestas Model V47-660 wind 
turbine would produce an estimated 1500 to 1700 MWh annually at the proposed location. 
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 Using these data and the TMCC electrical usage profile, the Vestas V47-660 wind 
turbine could supply between 37% and 81% of the college’s electrical needs on a monthly basis 
and approximately 62% on an annual basis. TMCC electrical usage versus net wind turbine 
production (October 1999 to December 2000) is displayed in Figure 5. 
 
  3.1.2 30- to 50-MW Wind Farm  
 
 As stated previously in this report, TMCC plans to investigate the feasibility of a 
commercial-scale wind farm. This conceptual project will have a generation capacity between 30 
and 50 MW, and the turbines will be located in the vicinity of the southeast corner of the 
reservation. For this project to become a reality, all facets of the feasibility study will be 
thoroughly evaluated. Factors to be considered include electrical generation potential, 
transmission access requirements and costs, regulatory and permitting requirements, 
identification of potential markets for the sale of the electrical generation, and financing options. 
Some of the factors presented above have been, in some measure, investigated during Phase 1 
work. 
 
  3.1.2.1 Electrical Generation Potential  
 
 Based on wind resource activities performed by the National Renewable Energy 
Laboratory, the Turtle Mountain Chippewa Tribe, and TMCC, an area of the Turtle Mountain 
Chippewa Reservation has been determined to be of a Class 5 or better wind resource. Site-
specific wind monitoring will be required to establish actual wind speed parameters, but the area 
under consideration appears to be favorable for wind energy development. 
 

 
 
Figure 5. TMCC electrical usage versus net turbine production October 1999–December 2000). 
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  3.1.2.2 Transmission Access and Cost  
 
 As stated previously, in general, the existing transmission system throughout North 
Dakota is constrained and may be the leading reason for the lack of wind energy development. A 
unique opportunity may exist for TMCC and the Turtle Mountain Chippewa Tribe in the new 
230-kV transmission line being constructed from Harvey, North Dakota, to Glenboro, Manitoba, 
Canada. 
 
 Based on initial research, this new 230-kV transmission line will have between 30 and 
50 MW of available capacity. Otter Tail Power Company (Otter Tail) and Xcel Energy (Xcel) 
are constructing the line on the U.S. side. Manitoba Hydro will be responsible for the portion of 
the line within Canada. Based on information released by Otter Tail and Xcel, the line is being 
constructed to improve the reliability and capacity of the transmission system in North Dakota 
and Manitoba and enhance the capability to transfer power into Manitoba to meet existing 
contractual obligations. Figures 1 and 2 display the proposed transmission corridor in relation to 
the Turtle Mountain Chippewa Reservation. As can be seen in the figures presented, the corridor 
for this transmission line is adjacent to the Turtle Mountain Chippewa Reservation along its 
eastern boundary. The close proximity of the transmission line to the proposed wind 
development site greatly decreases the transmission interconnection costs of the conceptual 
project. 
 
 For any project attempting to sell output off-site, transmission interconnection is critical. 
Transmission connections are a function of two major variables: the cost for project 
interconnection and the assessment of transmission paths to potential markets. The 
interconnection must be assessed in terms of investment cost and the likely impact of that cost on 
overall project economic attractiveness. Transmission paths must be ascertained from the likely 
project site to all market areas. In addition, in rural areas, transmission system stability and 
reliability must also be established as part of the overall assessment. 
 
  3.1.2.3 Regulatory and Permitting Requirements  
 
 To be viable, a project should demonstrate the ability to identify and negotiate the 
regulatory approval process, especially including environmental approvals. Thus far, we have 
made initial contact with the North Dakota Public Service Commission (Appendix C). We have 
also taken steps to determine the process for securing an Open Access Transmission Tariff. 
 
  3.1.2.4  Potential Market  
 
 For a commercial wind farm, the market opportunities for the sale of energy produced 
fall into two broad categories: selling to off-site purchasers under long-term power purchase 
agreements and selling to off-site purchasers under merchant plant conditions. 
 
 Power purchase agreements are becoming more difficult to obtain as the electric industry 
moves towards restructuring. Selling off-site under merchant plant conditions can provide the 
broadest market but is difficult to finance owing to the uncertainty attached to future revenues. 
For each of the market opportunities that involve selling the output of the project, it has to be 



 
 10 

demonstrated that the project satisfies financing conditions. Selling power off-site under a power 
purchase agreement is the most desirable way to secure project financing for the larger 30- to 50-
MW wind farm. Transmission contracts to wheel the generation out of North Dakota to markets 
in Canada or potentially through Canada and back into upper Midwest markets are necessary to 
larger commercial development. 
 
 TMCC and the tribe are uniquely able to do this because the transmission line under 
construction is in a corridor that touches the eastern boundary of the reservation. As a result, a 
wind farm can be sited that greatly reduces the cost of access to transmission capacity to wheel 
power out to markets and does not destroy the potential of the project to be economically viable. 
In addition, as presented in Section 3.1.2.2, Otter Tail and Xcel have stated that the new 
transmission line is needed, in part, to enhance the capability to transfer power into Manitoba to 
meet existing contractual obligations. 
 
  3.1.2.5  Financing Options  
 
 Over the past few years, the conditions for financing electric generation projects have 
changed dramatically. Despite the positive interest in green pricing, in many ways project 
financing is now more difficult to obtain than in the recent past. As a result of the move to more 
open, less fully regulated electric markets, the general consensus is that long-term contracts for 
power purchases will decrease and electric generation will have to rely on “merchant financing.” 
Independent power project financing has relied upon firm long-term contracts to support revenue 
that, in turn, made project financing feasible. While there are still some long-term contracts 
available, and they are incredibly valuable if they can be obtained, more and more new plants 
will have to obtain merchant plant financing if they are going to be developed. 
 
 A merchant plant is one that proposes to obtain revenue by selling all or some significant 
portion of its output on the spot market, that is, without a contract. The electricity spot markets 
are new and very volatile. Basing project revenue on sales to these markets makes the project 
risky. To obtain merchant plant financing, investors have to be convinced that even with the 
volatility in the spot market, project revenues are sufficient to pay off expenses and debt and 
provide some profit. 
 
 Fixed-price contracts will “fix” revenue relative to spot market sales, make projects less 
risky, and improve the chances for financing. While it is always best to get long-term contracts, 
it is imprudent to assume they will come for a project. For that reason, it is important to explore 
what is needed to meet merchant plant requirements. If those conditions can be met, then 
projects can be built on a much more speculative basis. Since the conditions for merchant plant 
financing are more stringent than for “normal” financing under long-term contracts, it is useful 
for the assessment of project feasibility to at least attempt to meet the most stringent 
requirements. 
 
 First, the basic qualifications of the project must be established in a due diligence process 
and provided the project funding sources. That information includes the following: 
 

C Evidence that the project itself is fully considered in terms of wind data, permitting, etc. 
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C Size of wind farm 
C Location of wind farm 
C Turbines to be used 
C Deal sponsors and experience 
C Proposed method of marketing 

 
 For a North Dakota project, this would involve assessing transmission interconnections to 
determine the relevant geographic market, determining within that market the best opportunity 
for marketing power, and then determining a strategy for selling the power from the project. 
 
 A pure merchant plant would sell all power on the spot market. A strong marketing plan 
would combine firm sales such as a contract with Otter Tail or Xcel, preferred sale to green 
power marketers, and spot sales. Project financing is made easier if a substantial portion of the 
project generation output can be sold under some form of contract. 
 
 After establishing that a project meets the threshold requirements, financing then looks at 
project economics. For the portion that is purely merchant, the price for output will be 
determined by sales on the spot or wholesale market. Project revenue will, as a result, be much 
more uncertain. One of the unanswered questions at this time is how the financial community 
expects the projected performance of spot markets to be established and what it will accept for 
an adequate forecast of revenues. Lending requirements are intended to protect loans from that 
revenue fluctuation to the extent deemed prudent. 
 
 Based on discussions held thus far with potential lenders for a commercial wind farm, it 
would seem that the bottom line focus of banks is on free cash flow to cover annual interest and 
principal payments. The requirements are that the annual interest and principal payment for any 
debt undertaken on a purely merchant basis be covered with free cash flow by at least 2 times. 
As a benchmark, a regulated utility loan for generation usually requires a coverage of 1.25 times 
principal and interest. The greater coverage ratio is based on the greater risk associated with 
future spot prices as opposed to the more certain prices in associated long-run power purchase 
agreements. The higher coverage ratio means that project revenues have to be high enough to 
cover debt expenses by a factor of two. Because of the high coverage ratio, a merchant plant will 
have to receive a higher price per kWh than an equivalent project that obtains a long-term 
contract and can, therefore, access more traditional financing. 
 
 The higher coverage ratio means that the project must have an outstanding marketing plan 
in order to convincingly present very high project revenues. As an alternative, the project could 
be financed with substantial equity investment since these investments do not carry along 
coverage ratios. However, there is some circular reasoning here since equity investors demand a 
higher return which could counteract the lack of a coverage ratio for equity investments. 
 
 Besides using greater equity, there are a number of ways to give a project some fixed 
income, reducing the amount of merchant financing required, and thereby improving the 
performance of the project economics. Project assistance can come from state and or federal 
energy and regulatory policy, integrating the project with other forms of assistance, and many 
other factors. For any particular project, the final determination of feasibility could come down 
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to assembling as many ways to give a project fixed income in order to reduce the need for 
merchant financing. The experience to map out all possible forms of project assistance and 
assemble them in a way so that they become part of successful project financing is lacking in 
large part because of the newness of merchant plant financing. It could prove to be a critical part 
of commercial wind energy development. The following lists the initial determination factors: 
 

C Identification of green tag sales to assist project financing – if possible, monetize the 
green tag revenues to assist project financing 

 
C Special payments such as the California AB 1890 or system benefit funds from other 

states 
 

C Other state-specific benefits such as renewable portfolio standards 
 

C Price hedges obtained from power marketers 
 

C Power purchase agreements with retail suppliers of electricity 
 

C The monetization of the tax credits available to the project 
 
 3.2 Wind Energy Curriculum Development  
 
 Tasks 1 and 2, installation of a 1-MW turbine on the TMCC campus and evaluation of the 
feasibility of a commercial wind farm, proposed in Phase 2, will provide invaluable educational 
opportunities for TMCC students and the tribe as a whole. These projects would serve as hands-
on projects and working classrooms as the wind energy program is used to instruct students. 
 
 The project has resulted in the development a wind energy curriculum.  This curriculum 
process is leading the college to seek information from other institutions outside of the state; 
Texas, California, Minnesota.  As a result, Turtle Mountain Community College has resigned 
itself to develop the curricula one course at a time.  Beginning in the spring semester of 2003 an 
introductory wind energy course, Energy and the Environment is scheduled.  The course will 
introduce students to the science, technology, economics and political atmosphere associated 
with the subject of energy.  The Energy and the Environment class is the beginning in a proposed 
two-year curriculum leading to a certificate in energy technology with emphasis on the 
renewable sources of energy.  The courses will include renewable energy technology, Theory 
and application and wind smith application. 
 
 During the fall semester of 2003, a follow up course entitled Wind Energy and Wind 
Turbines will be offered.  The course encapsulates the following: 
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1.  Introduction 
1.1 Dutch Windmill  
1.2 Farm Windmill  
1.3 Wind Chargers  
1.4 Generation of Electricity for Utilities  
References  
 
2.  Energy 
2.1 Philosophy  
2.1.1 Advantages/Disadvantages of Renewable 
Energy  
2.1.2 Economics  
2.2 Definition of Energy and Power  
2.3 Fundamentals Concerning Energy  
2.4 Energy Dilemma in Light of Laws of 
Thermodynamics  
2.4.1 Conservation  
2.4.2 Efficiency  
2.5 Exponential Growth  
2.6 Use of Fossil Fuels  
2.7 Nuclear energy  
2.8 Mathematics of Exponential Growth  
2.9 Lifetime of a Finite Resource  
2.10 Summary  
References  
Problems  
 
3.  Wind Characteristics 
3.1 Global Circulation  
3.2 Extractable Limits of Wind Power  
3.3 Power in the Wind  
3.4 Change in Wind speed with Height  
3.5 Wind Direction  
3.6 Wind Power Potential  
3.7 Wind Maps  
3.8 Variations in Power  
3.9 Wind speed Histograms  
3.10 Duration Curve  
3.11 Wind speed Distributions  
3.12 General Comments  
References  
Problems  
 
4.  Instrumentation and Measurement 
4.1 Instrumentation  
4.2 Characteristics of Instruments  
4.3 Measurements  
4.4 Vegetation Indicators  
4.5 Data Loggers  
References  
Problems  
 

5.  Wind Turbines 
5.1 Drag Device  
5.2 Lift Device  
5.3 Orientation of Rotor Axis  
5.4 Description of System  
5.5 Aerodynamics  
5.6 Control  
5.7 Energy Production  
5.8 Calculated Annual Energy  
5.9 Innovative Wind Systems  
5.10 Applications  
5.11 Storage  
References  
 
6.  Design of Wind Turbines 
6.1 Introduction  
6.2 Aerodynamics  
6.3 Mathematical Terms  
6.4 Analysis of Extractable Power  
6.5 Drag Device  
6.6 Lift Device  
6.6.1 Maximum Theoretical Power  
6.6.2 Rotation  
6.7 Aerodynamic Performance Prediction  
6.8 Measured Power and Power Coefficient  
References  
Problems  
 
7.  Electrical Aspects 
7.1 Fundamentals  
7.1.1 Faraday's Law of Electromagnetic Induction  
7.1.2 Phase Angle and Power Factor  
7.2 Generators  
7.3 Induction Generators  
7.4 Examples  
References  
Problems  
 
8.  System Performance 
8.1 Performance  
8.2 Measures of Performance  
8.3 Performance Reports  
8.3.1 California  
8.3.2 Wind stats  
8.4 Performance of Enertech 44  
8.5 Performance of Bergey Excel  
8.6 Water Pumping  
8.6.1 Farm Windmill  
8.6.2 Electric-to-Electric System  
8.7 Hybrid  
8.7.1 Village Systems  
8.7.2 Wind Diesel  
8.8 Comments  
References  
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Problems  
 
9. Siting 
9.1 Introduction  
9.2 Long Term Reference Stations  
9.3 Site Evaluation For Wind Farms  
9.4 Wake and Array Losses  
9.5 Digital Maps  
9.6 Geographic Information Systems  
9.7 Wind Resource Screening  
9.8 Wind Power Production  
9.8.1 Wind Power for Texas Panhandle  
9.8.2 Wind Power for Texas  
9.9 Numerical Models  
9.10 Micro-site  
9.11 Summary  
References  
Geographic Information Systems  
Problems  
 
10.  Wind Industry 
10.1 Introduction  
10.2 New Wind Industry  
10.2.1 Wind Industry 1970 - 1980  
10.2.2 Wind Industry 1980 - 1990  
10.2.3 Wind Industry 1990 - 2000  
10.2.4 Wind Industry 2000 - 2010  
10.2.5 Comments  
10.3 Large Wind Turbines  
10.4 Small Wind Turbines  
References  
Problems  
 
11. Institutional Issues 

11.1 Introduction  
11.2 Avoided Costs  
11.3 Utility Concerns  
11.3.1 Safety  
11.3.2 Quality Of Power  
11.3.3 Connection To The Utility  
11.4 Regulations On Installation And Operation  
11.5 Environmental  
11.6 Politics  
11.7 Incentives  
11.7.1 United States  
11.7.2 Other Countries   
References  
Problems  
 
12.  Economics 
12.1 Introduction   
12.2 Factors Affecting Economics   
12.3 General Comments   
12.4 Economic Analysis   
12.4.1 Simple Payback   
12.4.2 Cost of Energy   
12.4.3 Value of Energy   
12.5 Life Cycle Costs   
12.6 Present Worth and Leveled Costs   
12.7 Externalities   
12.8 Wind Project Development   
12.8.1 Land Owner Considerations   
12.8.2 COE Estimation for a Wind Farm   
12.9 Summary   
References   
Problems  
 

  
 Development of this curriculum will be ongoing as new information and development of 
wind energy on the Turtle Mountain Chippewa Reservation is realized.  It is the intent of the 
college to develop an academic (two-year transferable, articulation agreement with a four-year 
institution) and a vocational (wind smithing) curriculum.  
  
 Continued input will be sought regarding the exact format and content of the renewable 
energy curriculum, but a preliminary curriculum has been outlined below in Table 2.  In spite of 
the abundance of wind energy on the plains of North Dakota, there are no state institutions, 
which offer either an academic or vocational curricula in wind energy. 
 
 TMCC is accredited through the North Central Association of Colleges and Schools 
Commission of Institutions of Higher Education and is currently accredited through 2004. The 
incorporation of wind energy at TMCC could take on several forms but most likely will be either 
a 2-year Associate of Science degree program or a 9-month vocational training program. The 
accreditation process for each program is summarized below. 
 
  3.2.1 Associate of Science Degree Program  
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 The Associate of Science degree program offered at TMCC would be a 2-year program 
instructing students on the broad subject of renewable energy and environmental topics. 
 

Table 2. Preliminary Renewable Energy Curriculum Outline at TMCC  
1. Renewable Energy Technologies Overview 
• Wind Energy 
• Biomass 
• Photovoltaic 
2. Wind Energy Systems (see below for further wind curriculum items) 
• Small-Scale Systems 
• Large-Scale Systems 

3. Large-Scale Wind Project  
•  Siting Issues 
•  Wind Resource Assessment 

o Environmental Issues 
o Permitting  
o Power Purchase Agreement 

•   Turbine Installation 
o Permitting 
o Foundation 
o Electrical Infrastructure 
o Turbine Construction 
o Start-Up/Shakedown 

•  Operation and Maintenance 

   
 
  Program accreditation would consist of preparing a course outline and presenting the 
outline to TMCC’s academic standards committee. The academic standards committee would 
comment and be responsible for final course curriculum approval. Once approved, the program 
would be added to the college catalog. 
 

3.2.2 Vocational Training Program  
 

  This 9-month program would target individuals interested in pursuing a career as a wind 
turbine technician, and graduates would receive a certification of completion. In addition, the 
college could offer annual certification programs. 
 
  Accreditation of this program would require submittal of the program curriculum to the 
North Dakota State Board of Vocational Education (State Board). The State Board is the body 
charged with granting accreditational approval. Upon State Board approval, the college would 
incorporate the program into its educational offerings. 
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4.0 PHASE 1 RECOMMENDATIONS 
 
  Based on the initial Phase 1 analysis, TMCC plans to proceed with the development of a 1-
MW commercial-scale wind project on the campus grounds, to link this project with a training 
program, and to pursue a much larger 30- to 50-MW commercial wind farm either on tribal land 
or on tribal trust land in the vicinity of the southeast corner of the reservation.  
 
  These three efforts will proceed simultaneously. Pursuing all three increases the interest, 
understanding, and support for wind generation and greatly increases the likelihood of a 
successful program. Our analysis thus far convinces us that each of these parts provides 
substantial benefits alone and also provides support for the other components. For example, full 
development of the wind resource on tribal lands will have much more support as a result of the 
initial commercial-scale project on the TMCC campus site and the curriculum that trains TMCC 
students and tribal members to appreciate the wind resource available and demonstrates the 
processes of wind energy development. 
 
  The 1-MW wind turbine project would serve two purposes: self-generation of electricity to 
offset retail purchase and to provide a working classroom for students enrolled in the wind 
energy program at TMCC. 
 
 The 30- to 50-MW commercial-scale wind facility would provide the opportunity for 
TMCC to provide students enrolled in the wind energy program access to training facilities not 
available anywhere else in the state. In addition, this project would afford TMCC and the tribe a 
chance to work together on large commercial ventures toward the common goals of increased 
energy independence for the tribe and economic development for the reservation and its 
residents. 


