Coffin Butte Fuel Cell Feasibility Study

(Chemistry & AP Physics)

Background

Currently, three diesel engines combust methane and other gases produced by the Coffin Butte Landfill.  These diesel engines convert some of the available chemical energy present in this gas into electrical energy managed and sold to the larger grid by a cooperative group known as the Pacific Northwest Generating Cooperative (PNGC Power), the owners of the gas at the Coffin Butte Landfill.  PNGC Power is a wholesale electric power cooperative, owned by 15 member cooperatives; our local utility cooperative, Consumers Power Inc, is presently one of these fifteen member cooperatives.

Presently, more gas is produced at Coffin Butte than the three diesel engines can convert to usable electricity.  Ultimately PNGC Power would like to convert more of this excess gas into electricity.  At present, the excess gas that is not burned within the existing diesel engines is simply flared – an energy source that is therefore not utilized.

Our two classes (D-block chemistry and AP Physics), along with the Chemical Engineering Department at OSU, will attempt to advise PNGC on what should be done with any excess gas generated but not convert by the landfill.  Should a fourth or fifth diesel engine and generator be installed?  Or should a cleaner, more efficient fuel cell system be installed?  If a fuel cell is utilized, can the gas coming off the landfill be reformed so that it does not damage fuel cell components?  Is there enough excess gas to justify the capital cost associated with additional equipment?

Your task is to come up with a proposal to PNGC Power.  In the real world, PNGC Power, faced with the dilemma of what to do with such an excess resource, might hire a consulting engineering firm to prepare what is called a feasibility study – a study highlighting various options and their respective costs for the situation at hand.  In this project, you will develop a proposal that will then be submitted to PNGC Power sometime in June.

Details

· Students from both classes will be assigned to one of four groups  Two groups will focus on developing a proposal that utilizes a Solid Oxide Fuel Cell (SOFC) while the other two groups will focus on developing a proposal utilizing a Molten Carbonate Fuel Cell (MCFC).

· Each of the four groups of students will be given time in class to organize themselves.  Very likely, students from each of the four large groups will form smaller sub-groups to deal with specific issues.

· All students are ultimately responsible for the final proposal.  However, Mr. Chambers and Mr. Kirsch expect chemistry students to be involved with some of the chemistry issues and physics students to be involved in physics issues.

· Chemistry students must focus on one or more of the following:

· Classification of gas constituents.

· Gas reformation (what must be done to modify the gas so that it is usable by a fuel cell.

· Fuel Cell Details

· Physics students must focus on one or more of the following:

· Balance of plant (heat balance, overall efficiency, mass flow balance).

· Means of getting DC currents produced by a fuel cell into the existing AC power grid.

· Structural issues.  How will your physical plant be housed?  How will equipment be supported?

· Physics students are encouraged to work on chemistry issues and vis versa.

· Early in April, the two classes will make a trip out to Coffin Butte and be given a tour of the present facility.

· Students will be allowed to work with students from OSU’s Chemical Engineering Department as needed.

· A portion of the time in class will be devoted to this project.  At this time, student groups will be allowed to work together.  However, some of the work associated with this project will need to be completed outside of class.

· Students will maintain a journal for this project listing all activities and pertinent information regarding this project.

· Students will be asked to self-assess both themselves and their peers on a regular basis.  A portion of a student’s grade will be based upon these reviews.

The Final Product

· Each of the four large groups of students is to submit a written proposal.  Each proposal is to include the following:

1. Justification for your proposal.  Is their enough gas generation at the land fill?  What about in the future?  How much potential energy can be generated?

2. A description of the gas composition.  What is it, and can it be used in your proposed application.

3. Specifications for all required equipment (i.e. item, model number, description).  This might include the fuel cell, cooling fans, piping, etc….).

4. What is known as a Class 20 cost estimate (an estimate cost that is +/- 20% of actual).  Include in this material costs (pipe), equipment costs (the fuel cell, fans, etc…), and labor costs.

5. An estimate as to the Rate of Return.  How long will the equipment need to operate in order to pay for itself?  What will be the annual operating costs.

6. What are the environmental issues associated with the group’s proposal?  For instance, how will waste products be handled?

7. A list of possible alternatives.  For instance, what would the cost, efficiency, and rate of return be if a 4th (or also a 5th) diesel engine is installed?  Be sure to consider the operating costs (including down time) associated with this option.

