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This is a research-based case that has students doing research outside of the classroom in small groups. Each of the small groups has a different assigned task, and each small group is to report back to class at-large. The intention is to create a synthesis that is larger than any one piece that an individual group might have been working on.

In writing this case, I presumed that the students would be at least familiar with the fact that the burning of fossil fuels is contributing significantly to global warming and climate change. I presumed that students might have heard about peak oil, and that they were at least dimly aware that inexpensive petroleum products are largely a luxury of the past. These points make the case for renewable energy generation all the more compelling. 

The general goals of this case are to learn some of the scientific principles of renewable energy, including advantages and disadvantages of various types of renewable energy ; to learn what renewable energy potential on tribal lands; to examine what other tribes have already done with renewable energy; to explore the potential impact of tribal generation of renewable energy on local employment, and to investigate the type of training students might need if they wanted to pursue a career in some aspect of renewable energy work. 

Obviously, these broad-brush goals can take students in a variety of directions, but the point for the teacher would be to encourage students to make connections between the learning of the physical science, or biological science associated with the renewable energy source, and the larger economic impact on their own careers, and their own communities. 

Specific goals are organized and listed below according to the renewable energy type being explored. The specifics start with the scientific content, but expand to the potential on tribal lands to utilize renewable energies, and examine what tribes have already done, the potential renewable energies offer for local tribal employment, and the types of training an interested student might pursue. These goals are listed by the type of renewable energy: 

Solar Generation of Electricity with Photovoltaic Cells.     The student should be able to describe or explain: 
(1)
How photovoltaic cells work; what are their operating principles of photovoltaic cells; 

(2)
Which tribal areas in the United States have the greatest potential to use photovoltaic systems; 

(3)
Local installations of photovoltaic systems, and how are they performing; 

(4)
Describe the differences between a stand-alone photovoltaic system off the electrical grid, and a photovoltaic system that is connected to the electrical grid, and list the advantages and disadvantages of each; 

(5)
The arrangements a local utility has to purchase photovoltaic-generated electricity from customers; 

(6)
List those tribes that have installed photovoltaic systems, and how those systems are performing; 

(7)
List some sources of potential funding for solar hot water systems;

(8)
Describe the potential for employing local tribal members in the installation and maintenance processes; 

(9)
Describe the type of training is necessary to become an electrician who could deal with solar photovoltaic systems, as well as standard systems. 

Solar Hot Water Heating for Tribal Buildings and Residences    The student should be able to describe or explain: 
(1)
How solar hot water collectors work, and the operating principles for a hot water system for small buildings; 

(2)
The type of evacuated tube and flat plate collectors in use today; 

(3)
Which tribal areas in the United States have the greatest potential to use solar hot water systems; 

(4)
Local installations of solar hot water systems, and how they are performing; 

(5)
List those tribes that have already installed solar hot water systems, and how those systems are performing; 

(6)
List some sources of potential funding for solar hot water systems; 

(7)
Describe the potential for employing local tribal members in the installation and maintenance processes; 

(8)
Describe the type of training is necessary to become a plumber who could deal with solar hot water systems as well as standard water supply systems. 

Passive Solar Energy Principles for Local Construction      The student should be able to describe or explain: 
(1)
The basic principles of passive solar energy construction – how and why does it work; 

(2)
Describe the history of indigenous people’s use of passive solar energy principles in the southwestern region of the country; 

(3)
How an understanding the seasonal location of the sun in the sky influences the design of a building; 

(4)
How an understanding the hourly location of the sun in the sky each day influences the design of a building; 

(5)
How ones insures that south-facing windows don’t overheat a building in the summer; 

(6)
List a few passive solar construction options for low-cost housing in the local area; 

(7)
Describe the potential for employing local tribal members in the installation and maintenance processes; 

(8)
Describe the kind of training is necessary to become a designer or architect who could deal with passive solar systems applied to housing and small-scale buildings. 

Wind Generated Electricity    The student should be able to describe or explain: 
(1)
Describe a wind generator, and the principles of its operation; 

(2)
Describe the differences between a horizontal axis machine and a vertical axis machine, and the advantages and disadvantages of each; 

(3)
Describe the reason that commercial machines have three, rather than two, blades; 

(4)
Describe the effect the height above the ground of a wind generator as an influence on the power it can extract from the wind; 

(5)
Describe the kind of protective devices that must be built into a wind generator to protect it from winds that are too strong; 

(6)
Which tribal areas in the United States have the greatest potential to use wind generators; 

(7)
List a few tribes that have installed wind generators – describe how these systems are performing; 

(8)
Describe local wind generating systems, and their performance; 

(9)
The arrangements a local utility has to purchase photovoltaic-generated electricity from customers; 

(10)
Describe the potential for employing local tribal members in the installation and maintenance processes; 

(11)
Describe the kind of training necessary to work with wind generators as a design engineer, or as an electrician who could install and maintain wind generators. 

Geothermal Energy    The student should be able to describe or explain: 
(1)
Describe the basic principles of geothermal energy, and how such systems work; 

(2)
Describe ground-water heat pump systems and how they work; 

(3)
Which tribal areas in the United States have the greatest potential to use geothermal energy; 

(4)
List a few tribes that have installed geothermal energy systems, or are planning to install such systems – describe how these systems are performing; 

(5)
Describe the potential of using geothermal energy systems in this region – describe any local systems that have been installed and how they are performing; 

(6)
Describe the potential sources of funding for geothermal energy generating systems; 

(7)
Describe the potential for employing local tribal members in the installation and maintenance processes; 

(8)
Describe the kind of training necessary to work with geothermal energy systems as a design engineer, or as an electrician, or plumber, or as a pipefitter who could install and maintain geothermal systems. 

Biofuels    The student should be able to describe or explain: 

(1)
Describe what biofuels are, where they come from, and why are they different from fossil fuels;  

(2)
Describe which tribal areas in the United States have the greatest potential to use biofuels; 

(3)
List a few tribes are currently producing biofuels, or are planning to produce biofuels; 

(4)
Describe how these tribal operations working at present, or how the planners hope that they will work when they are completed; 

(5)
Describe which crops make sense for this local region in terms of biofuel production;

(6)
List local utilities, businesses or companies are already producing biofuels, and the performance of their systems; 

(7)
Describe the potential for employing local tribal members in the installation and maintenance processes; 

(8)
Describe the kind of training necessary to work with a biofuel production system. 

Biomass    The student should be able to describe or explain: 

(1)
Describe how biomass differs from biofuels, and from fossil fuels; 

(2)
Describe which tribal areas in the United States have the greatest potential to use biomass; 

(3)
List a few tribes are currently producing biomass, or are planning to produce biomass; 

(4)
Describe how these tribal operations working at present, or how the planners hope that they will work when they are completed; 

(5)
Describe which crops make sense for this local region in terms of biomass production;

(6)
List local utilities, businesses or companies are already producing biomass, and the performance of their systems; 

(7)
Describe the potential for employing local tribal members in the installation and maintenance processes; 

(8)
Describe the kind of training necessary to work with a biomass production system. 

Timber as Biomass     The student should be able to describe or explain: 

(1)
Describe local timber resources, and describe how much carbon is sequestered in these lands over time; 

(2)
In terms of local timber resources, how much land is necessary to sustainably produce a thousand tons of dry wood chips for energy utilization; 

(3)
Describe the trade-offs between dedicating some land to wood chip generation, rather than dedicating it to long-term rotation timber stands; 

(4)
Describe what the Nexterra Company ( http://www.nexterra.ca ) has found regarding the number of tons per day of wood chips necessary to produce on megawatt of electricity; 

(5)
Describe how the carbon dioxide reduction from substituting wood chips for natural gas for the electricity produced compares to the carbon sequestering foregone by cutting the trees for wood chips; 

(6)
Describe how many tribal jobs might a local wood chip plant might generate; 

(7)
Describe the kind of training necessary to work with a wood chip biomass production system. 
While thousands of resources exist for solar, wind geothermal and biomass energies, the instructor might want to make clear to students the distinction between energy and power. Power is just the time rate of generating (or consuming) energy, but the two terms are often confusing to those who haven’t studied energy closely.  I tend to have students convert all energies to the units associated with electrical usage: energy in kilowatt-hours, and power in kilowatts (obviously, megawatt-hours and megawatts could also be used).   

One of the great advantages of having students investigate renewable energies, like those in this case, is that they are in a position to assess their own personal energy consumption. Having students be aware of how much electricity they use per day, or even how much they use for certain specific processes, is a powerful incentive for them to use less. Connecting those ideas to trying to compute the amount of energy a tribal building might need is superb design training. For this reason, I think this case might serve as a springboard for students to delve more deeply into the energy field, and perhaps to pursue a career in some area of energy conservation, or renewable energy generation. 

Assessment Strategies 

Here are a few types of assessment instruments that one might want to consider using with this case in order to assess student learning:

1.
Choose one type of renewable energy from the list:



Solar photovoltaic electricity generation;



Solar hot water systems; 



Passive solar energy in building construction; 



Wind generated electricity;



Geothermal energy;



Biomfuel energy;



Biomass energy. 

Describe in detail how your chosen type of energy works – describe the principles at work to convert the renewable source to useful energy (electricity or heat). Describe which tribal areas in the United States have the best potential to use your chosen energy. Describe with some tribes have already done to use your chosen energy, and describe how those systems are working. Explain the potential for your chose renewable energy to create local tribal jobs. Describe what further training you might need to undertake to work with the renewable energy you chose to write about. 

2.
As a class, prepare a report for the tribal council that lists local potential to use one or more of: solar photovoltaic electricity generation, solar hot water systems, passive solar energy in building construction, wind generated electricity, geothermal energy, biomfuel energy, and biomass energy. List the advantages and disadvantages of each. Describe the employment potential of each. Make suggestions for further implementation of one or more of these renewable energies on a local basis. 

3.
Write a short paragraph explaining how the following renewable energy systems work: 



Solar photovoltaic electricity generation;



Solar hot water systems; 



Passive solar energy in building construction; 



Wind generated electricity;



Geothermal energy;



Biomfuel energy;



Biomass energy. 

4.
Obviously, one could take any subset of the specific learning goals listed on pages two through five of these Teaching Notes, and make short answer, or even multiple-choice questions for an assessment. For example, from learning goal (2) under 
Geothermal Energy (page 3 of these Teaching Notes), a short-answer question might read: “Describe how a ground water heat pump works to heat a building.” In this fashion the instructor could fashion an assessment specific to the instructor’s own goals. 
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