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Introduction:

As a high school science teacher instructing mostly juniors and seniors, one of my biggest goals is to help my students prepare for their future and find a college or university that will provide them with the opportunity to achieve and excel.  Along with Biology and Chemistry classes, I also teach a course at Ponaganset High entitled Fuel Cell Systems, where students learn about fuel cells, their applications, the science involved, and other forms of energy, both traditional and renewable.  This is a very exciting time for fuel cells; while the science behind them has been around for over one hundred years, the industry itself is still in its infancy but gaining momentum at a tremendous rate.  Fuel cells may very well be the cornerstone of an upcoming energy revolution and many corporations, ranging from automakers to computer manufacturers, are making considerable investments in this emerging technology.

The students passionate about fuel cells often ask how they can pursue a career in this exciting field.  Enrolling in a college program that provides the courses and curriculum relevant to the particular area of fuel cell technology that the student is interested is the key.  One very exciting opportunity for students interested in a fuel cell career is the Fuel Cell Technician Program offered at the Texas State Technical College (TSTC) in Waco, Texas.


The goal of this report is to provide information to high school students, teachers, and anyone interested in pursuing a career in fuel cells about TSTC’s Fuel Cell Technician Program.  This report includes a course sequence for the TSTC program as well as a curriculum outline of the Fuel Cell Systems class offered at Ponaganset High School, which has been revised and aligned to help prepare students for the TSTC Fuel Cell Technician Program.  A PowerPoint presentation including high resolution photos of the TSTC Fuel Cell Lab that is designed to accompany this report can be found at: 



http://protium.us/fc_class/fc_class_other.htm

To the students embarking on the path to a career in fuel cells I wish you all the best for an exciting and prosperous future.  It is you who will be playing a major role in helping to meet the energy needs of the next generation. 
 
Sincerely, 

Ross McCurdy

Director, Fuel Cell Education Initiative

Ponaganset High School

137 Anan Wade Rd.

N. Scituate, RI 02857

Texas State Technical College, Waco Fuel Cell Technician Program

The TSTC Fuel Cell Technician Program was designed to train individuals for entry level positions as fuel cell technicians.  Industry technicians routinely work on fuel cells that include small and medium systems ranging from 1-5 kilowatts all the way up to 250 kilowatt systems the size of small buses and even larger megawatt systems.  This is a two-year college program and upon completion students earn an Associates of Applied Science Degree as Fuel Cell Maintenance and Repair Technician.



The near-future job outlook for fuel cell technicians is expected to be significant.  Starting salary for entry-level fuel cell technicians is estimated to be in the $32,000 range and possibly higher depending on the geographic location.  The pay is quite good for starting out with a two year degree!  Fuel cell technicians are involved with many aspects of fuel cell operations including installation and commissioning, routine maintenance, and trouble shooting and repair.  As fuel cells are being installed all around the world, fuel cell technicians can expect plenty of opportunities to travel.  

An excellent resource for anyone interested in a career as a fuel cell technician can also be found at www.loganenergy.com.  LOGANEnergy is the global leader in fuel cell services, specializing in designing, installing, commissioning, and maintaining fuel cells from 1 kilowatt to megawatt systems.  Sam Logan, president of LOGANEnergy was among the key individuals involved with planning the TSTC Fuel Cell Technician Program.   
 Fuel Cell Equipment at Texas State Technical College, Waco 


TSTC, Waco is very well equipped with a state of the art fuel cell lab and some of the latest fuel cells designed for critical power applications including:

3- 5 kilowatt Plug Power GenSys fuel Cells

1- 5 kilowatt Plug Power Gencor fuel cell

1- Relion Independence 1000 1 kW fuel cell

1- 200 Watt U.S. Fuel Cell 
1- Solar hydrogen fuel cell lab system

In-lab hydrogen distribution system 


The Plug Power Gencor and GenSys fuel cells produce 5 kilowatts each and are a major focus of the TSTC program.  These Plug Power fuel cells have been installed for backup power and power generation applications at sites all over the world.  Relion is another major fuel cell manufacturer whose fuel cells are used in telecommunications and other industries worldwide.  Students learn all aspects of these state of the art fuel cells including how to operate, trouble shoot and repair.  These fuel cells also incorporate the latest in Ethernet technology enabling technicians to monitor and collect data from remote locations.  Of course, when it comes to repairs there will be ample opportunities for travel for fuel cell technicians.
TSTC Fuel Cell Program Course Sequence 

(from http://www.waco.tstc.edu/ecr/ecr_fuelcell/curriculum.php)
	Fuel Cell Technology

	... A specialization of Electrical/Computerized Control Systems & Robotics

	 

	Fuel Cell Technology
Associate of Applied Science Degree
    Total Credits: 72
 

First Semester
Credits
ENGL

1301

Composition I 

3

FCEL

1304

Mechanical Aspects of Fuel Cell Systems 

3

MATH

1316

Plane Trigonometry 

3

CETT

1409

DC/AC Circuits 

4

ELPT

2215

Electrical Calculations 

2

Semester Total 15
 

Second Semester
Credits
PSYC

2301

General Psychology 

3

CHEM

1305

Introductory Chemistry I 

3

CHEM

1105

Introductory Chemistry Lab I 

1

PHYS

1310

Elementary Physics 

3

INTC

1343

Application of Industrial Automatic Control 

3

ELPT

1341

Motor Control 

3

Semester Total 16
 

Third Semester
Credits
HART

1307

Refrigeration Principles 

3

FCEL

1305

Introduction to Fuel Cells and Alternative/Renewable Energy 

3

ELPT

2319

Programmable Logic Controllers I 

3

ELPT

2335

Electrical Theory and Devices 

3

Semester Total 12
 

Fourth Semester
Credits
ELPT

1351

Electrical Machines 

3

ELPT

2323

Transformers 

3

INTC

1341

Principles of Automatic Control 

3

FCEL

2301

Fuel Cell Principles, Components and Controls 

3

CNBT

1342

Building Codes and Inspections 

3

Semester Total 15
 

Fifth Semester
Credits
ELPT

1331

National Electrical Code I 

3

ELPT

2231

AC/DC Drives 

2

ELPT

2347

Electrical Testing and Maintenance 

3

FCEL

2330

Fuel Cell Installation, Commissioning, Troubleshooting and Repair 

3

HUMA

1301

Introduction to Humanities 

3

Semester Total 14
 

 

 

 Capstone course: A required learning experience which results in a consolidation and synthesis of a student's educational experience. The capstone experience certifies mastery of entry-level work place competencies. 




 The vast majority of the required courses for the program are very relevant to fuel cell systems (psychology is a stretch but can be quite useful).  It is important to have an understanding of chemistry, programmable logic controllers, DC and AC circuits, etc. to be able to work on fuel cells.  Most of these courses will also be useful in just about any other technical field as well.  There are also courses that are entirely fuel cell specific.  These are:   

FCEL 1304 Mechanical Aspects of Fuel Cell Systems
FCEL 1305 Introduction to Fuel Cells and Alternative/Renewable Energy
FCEL 2301 Fuel Cell Principles, Components, and Controls

FCEL 2330 Fuel Cell Installation, Commissioning, Troubleshooting and Repair

Curriculum Alignment:

Visiting TSTC’s Fuel Cell Technician Program has provided the opportunity to experience firsthand the materials, resources, expectations, and goals of the program.  The experience also enabled me to share with my students another opportunity for their post-high school education.  Several of my students have expressed a lot of interest in the TSTC program, although the 1,822 mile distance from Ponaganset High School in Rhode Island to Waco, Texas does present more of a challenge than attending the community college just two towns away.

After the visit the curriculum outline for our high school Fuel Cell class was revised to help better prepare students for the Fuel Cell Technician Program.  Perhaps the biggest additions were made in the fundamentals of electricity, use of voltmeters and ammeters, and basic electrical calculations.  Coverage of fuel cell history, principles, and operations also received some refinements.  Our high school is fortunate in that our fuel cell resources are quite good and include some fuel cells that are similar or identical to those at TSTC.  These include small fuel cells and electrolysis lab kits and an Avista Labs (renamed to ReliOn) Independence 1000 fuel cell.  Don’t despair if your school’s fuel cell inventory is lacking.  Inexpensive fuel cells such as the Heliocentris Solar Fuel Cell Lab kits (available from www.fuelcellstore.com and costing around $311) can provide students with a solid understanding of fuel cell functions.  Simple homebuilt models, although not operational, can also be good teaching tools.

Perhaps the biggest fuel cell acquisition that will help students be ahead of the curve for the TSTC program is the Plug Power Gencor or Gensys 5 kilowatt fuel cells.  The TSTC program has four Plug Power 5 kilowatt fuel cells and the installation, operation, and service of these is a major component of the program.  The Plug Power Gencor uses hydrogen to produce 5 kW of DC power.  The Plug Power Gensys connects up to the natural gas line and reforms the natural gas to produce the hydrogen that is used by the fuel cells.  The Gensys also produces DC power, which is then inverted to produce AC electricity.  At approximately $15,000, the Plug Power Gencor fuel cell is one of the great deals in an expensive industry.  Unfortunately this is still outside the budget of most high schools.  Fuel cells, like virtually all machinery, have a certain expected lifespan of operation and it may be possible to acquire a non-working, decommissioned fuel cell that will still be a valuable teaching tool for students.    

Although there are certainly differences between the two-year TSTC Fuel Cell Technician program and Ponaganset High School’s one-year Fuel Cell course, there is definitely a high degree of alignment that will ensure students are very well prepared to achieve in such a program.  Some of the differences are due to the types of fuel cells and fuel cell equipment, duration and scope of the courses, and class projects, all of which provide valuable learning experiences.  Teachers who want to help prepare students for the TSTC program can select particular fuel cell topics  that are suitable for them, their students, and their schools.  While a full year or semester Fuel Cell course is great to offer students, beneficial instruction in fuel cell technology can take place in small steps lasting from a single class period, to a few days, a week, or longer.   


The current course outline for Ponaganset High School’s Fuel Cell System course is listed in the Appendix.
Preparing for TSTC’s Fuel Cell Technician Program:


TSTC is a two year technical college.  As with most two year technical and community colleges there are some requirements for enrollment, but these are not excessively demanding.  Probably the biggest requirement is to have the will, ambition, and positive attitude to learn, achieve, and succeed. To enroll in the TSTC Fuel Cell Technician program students are required to have a high school diploma or equivalent.  It is preferred that students have taken math courses in trigonometry and beyond, but if they are prepared to take the required trigonometry in the program that is acceptable.  Students need to have solid English communications skills including reading, writing, and comprehension.  It is possible for students with little background knowledge of fuel cells to achieve in this program through motivation and effort.  Of course, prior knowledge on fuel cells and the principles behind their operation will certainly be a major benefit for the incoming student.

A good percentage of university fuel cell programs can be found at fairly expensive institutions with highly competitive admissions.  If you weren’t in at least the top ten percent of your class many of these universities can be pretty much crossed off the list of immediate possibilities.  TSTC is quite a different organization; what they are looking for in a student is reasonable ability and the determination and motivation required for success.  Another good factor with TSTC is the affordable tuition.  Tuition (not counting room and board) is approximately $58/credit hour for in-state and $162/credit hour for out-of-state.  The entire Fuel Cell Technician Program is 72 credit hours, so the total in-state tuition is about $4,176 and total out-of-state tuition is about $11,664.  Compared with some schools where a student could buy a yacht for the amount of student loans it will take to get a degree, this is an awesome deal!
You can get there from here. 
Articulation Programs:


So, you think you may want to be a Fuel Cell Technician but you don’t feel like running off for Texas just yet.  You might also be thinking about a four year college and just aren’t sure.  One of TSTC’s articulation programs may be just the thing for you.  With a 1+1 articulation agreement a student can take a year’s worth of the non-specialized courses at just about any college in hometown, USA.  The student can then take the specialized fuel cell courses for a year at TSTC and earn their two-year Associates of Applied Science Degree as Fuel Cell Maintenance and Repair Technician.  TSTC has further articulation potential with a 2+2 agreement, where students can get their associates at TSTC and go from there to a cooperating four-year college to earn a Bachelors degree.  Variations in this plan also include a 1+1+2 articulation agreement.  So a year in the hometown community college and a year at TSTC Waco and a student can earn their fuel cell associates and either enter the workforce as a fuel cell technician or continue with their education.  It is important to note that these articulation agreements need to be worked out beforehand, so if you are interested contact TSTC Waco.
Conclusion:

The TSTC Fuel Cell Technician program is a great opportunity for students interested in the technical and operational aspects of fuel cell systems.  In this affordable program students can learn the skills to earn a good living in a rapidly emerging career field.  The TSTC program is ideal for students who want to work with their hands and minds, are advocates of clean and sustainable energy, and want to get in on a major developing area of energy technology.  This is a technical college program where students learn how to install, commission, operate, monitor, and repair fuel cell systems.  This is not a research institution and students won’t be doing fuel cell membrane research or testing different elements in search of an improved, low cost catalyst material.  Many students may not be focused on research, for those who are interested in research a four year university program may be more suitable.  It is important to remember that the TSTC program can be a great foundation from which to enter a university program.  TSTC has been referred to as “The best kept secret in Texas.”  As word spreads about their exciting Fuel Cell Technician Program it won’t be a big surprise if that secret gets a little harder to keep.


Students, teachers, and others interested in learning more about fuel cells, post-high school fuel cell programs, lesson plans, and other areas of fuel cell education can find a wealth of information on readily available on the World Wide Web.  The fuel cell links listed below should provide a helpful start.  Best of luck with your fuel cell endeavors!

Links:

http://www.waco.tstc.edu/
Texas State Technical College, Waco Fuel Cell Program:  

http://www.waco.tstc.edu/ecr/ecr_fuelcell/dept.php
http://en.wikipedia.org/wiki/Texas_State_Technical_College
http://www.relion-inc.com/default.asp
 
http://www.plugpower.com
http://www.loganenergy.com/aboutlogan.html
Heliocentris Educational Fuel Cell Kits

http://www.fuelcellmarkets.com//home.fcm?subsite=1102&language=1
http://www.fuelcellstore.com 

http://www.fuelcells.org/
Appendix 
Fuel Cell Systems  

Curriculum Outline

August 2006 
The Fuel Cell Systems  course will be 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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