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The Fuel Cell Systems  course is fully aligned with the National Center for Education and the Economy (NCEE) Standards, Integrating Science, Applied Learning (see Electrohawk 1, page 112, NCEE Standards book), English, and Mathematics.  Specific Standards met will include, but not be limited to S1a-f, S2d, S3a,e, S4a-d, A1-5, E1c, E2a, and M1-5.  Meaningful, real-world problems will be presented to the students, with solutions requiring higher-level critical thinking skills congruent with the Standards. 

Course Description:


This course will focus upon the science and applied use of fuel cells and will involve the hands-on operation of fuel cell systems from 1 watt to 2 kilowatts and beyond.  The course will be project-based with an emphasis on research, writing, and presenting.  Students will utilize digital technology to gather research, give presentations, and document with video/still and audio artifacts the work undertaken in class.  Students will be expected to present their work to peers and external audiences in support of the program, and to take a leadership role in Ponaganset’s Fuel Cell Education Initiative.  Students are required to enter a minimum of two pieces of work from Fuel Cell class into their digital portfolio.

Introduction to Fuel Cells


Advantages

Zero Pollution


Very High Efficiency


No combustion


Disadvantages


Cost and Availability


Temperature ranges of operation

Lab Safety

Electricity


Fuels


Lab procedures and conduct


Safety systems:  eye protection, emergency shutoff, eyewash, shower, etc.

How Fuel Cells Work:  The Chemistry and Physics of Fuel Cells


Atomic Theory


Properties of subatomic particles


Chemical Equations


Stoichiometry of reactants


Catalysts

Fuel Cell Systems Labs

Lab Safety

Electrolysis of Water

Photovoltaic Panel Operation

Single Membrane Fuel Cell Operation

Multi-Membrane Fuel Cell Operation

1-2 kW Fuel Cell Operation

12 kW Fuel Cell Operation

Large Fuel Cell Operation:

Hydrogenics HyPM 12 kW Fuel Cell


Programmable Logic Controllers


CAN Bus systems

Load Banks


Fuel Cell Coolants:  Deionized water


Initial Testing and Operations
Fuel Cell Projects


Protium Fuel Cell-Powered Band


Fuel Cell Quadracycle (Rhode Island’s first fuel cell vehicle!)


Fuel Cell Model T


Ponaganset’s Fuel Cell Education Initiative Website

Who is using Fuel Cells


NASA


DOD/DOE


Banks


Hospitals


Government: Post Offices, Police Departments


Homes

History of Fuel Cells


Sir William Grove


Francis Thomas Bacon


Fuel Cell Development Timeline

Current Developments in Fuel Cell Technology

Mobile



Cars



SUV’s



Buses


Boats, Trains, and Submarines

Stationary


PC25 200kW system


5kW residential/commercial

Portable



Airgen



Relion Labs (formerly Avista Labs)


Small-Scale applications:  laptops and cell phones

Fuel Cells and the Future


Timeline for Implementation

Types of Fuel Cells

Alkaline

PEM

Solid Oxide

Phosphoric Acid

Molten Carbonate


Methanol

Fueling the Fuel Cells


Properties of Hydrogen



Using the Material Safety Data Sheets (MSDS)

Sources of Hydrogen



Electrolysis of Water



Steam Reformation

Fuel Cell Hydrogen Infrastructure

Hydrogen Refueling Stations

Storing Hydrogen


Pressurized gas


Cooled liquid


Metal Hydrides


Carbon nanotubes

Other Fuel Cell Fuels


Methanol

Natural Gas


Propane


Sodium Borohydride
Millennium Cell Hydrogen on Demandtm system


Sodium Hydride

Fuel Cell Legislation  


California Fuel Cell Partnership

National Fuel Cell Programs


President Bush’s projected $1.8 Billion and Freedom Car Projects 


Fuel Cell funding

The Fuel Cell and Hydrogen Industry:  Who makes what and what it costs.


United Technologies Fuel Cells


Fuel Cell Energy


Relion

Millennium Cell


Ballard Power


Plug Power

Hydrogenics

Anuvu

Nuvera


Stuart Technologies


Proton Energy Systems

Principles of Electricity

Volts

Amps

Watts

Ohm’s Law V=IR

Electrical systems measurements

AC/DC systems 

Power step-down, step up, and inversion

Storing electricity: 



Batteries, Lead Acid, Nickel Metal Hydride, Lithium Ion



Capacitors and Ultracapacitors



Lab fun:  make your own capacitors



Making electricity:  power generation fundamentals

Electricity’s Great Scientists


Benjamin Franklin


Thomas Alva Edison


Nikola Tesla


Alessandro Volta:  Inventor of the battery


More electro-scientists http://chem.ch.huji.ac.il/~eugeniik/history/electrochemists4.htm

History of Energy:  Problems and Solutions


Non-Sustainable vs. Sustainable


Wood


Coal


Oil/gas


Natural Gas

Propane


Nuclear

Hydroelectric

Tide


Solar


Wind, Cape Wind Project, local wind projects


Geothermal

Renewable fuels



Biodiesel:  what it is and how to make it



Biomass



Ethanol

Traditional Vehicles


Fundamentals of internal combustion


Four stroke, gasoline, diesel

Hybrid Vehicles


Principles of hybrid technology


Advantages of hybrids

Electric Vehicles


Types and applications


Manufacturers


Drive and energy storage systems

Local, National, and Global Energy Issues


Producers and Consumers


OPEC


World Oil Reserves and projected supply


Hubbert’s Peak


Drilling the Wild: Arctic National Wildlife Refuge


Iceland’s vision of a hydrogen economy

Legacy of Present Energy Infrastructure


Land, Sea and Air Pollution



Smog: NY, LA, Mexico City, etc.



Oil Spills: local and global



Pascoag: gasoline contamination of water supply



Gasoline: the hidden costs



Three Mile Island, Chernobyl, and nuclear waste

 Steps to a Sustainable Future


Economic Feasibility


Tax Incentives
 
Government and Grassroots advocates


Implementing the Hydrogen Economy


Your vote, your voice.
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