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Course Proposal Submitted to the COS Curriculum Committee

Course number and title: PHYS 331 Physics of Renewable Energy I
Course Prerequisites: PHYS 262 or 266, or PHYS 245 with a C or better in MATH 113

Catalog Description: (3:3:0) The course introduces the physical principles for a range of renewable energies, including, solar, wind, hydropower, and geothermal. The course demonstrates how the application of methods and principles of physics allow us to understand the basic operation, advantages, limitations, and relative merits of various renewable energy sources.  The course is mainly designed for students majoring in the sciences or engineering, but it should also be useful for students interested in science policy, business, global change, and sustainable development.  Although physics majors may elect to take this course, and it does count towards the required 45 upper division hours, it does not satisfy the requirement for a minimum of 12 upper-level credits counting towards the physics major.

Justification: Physics plays a pivotal role in solving societal problems, energy being one of the most pressing. The feasibility, desirability, and optimal design of various renewable energy sources depends a careful analysis based in part on physics.  Therefore, it is important to provide students with a broad perspective on the physics of renewable energy sources, including their advantages and limitations.  The knowledge gained from this course will prepare students for work in industry or academia in the renewable energy field, or in other fields such as law, business, and energy and environmental policy. 

Course Objectives: This course introduces students to the physical principles of renewable energy.  Students will be exposed to a broad survey of various types of renewable energy and energy conservation, The course assumes an understanding of basic physics, and it strives to address energy problems on a mathematical level that relies on first year calculus.  Its goal is to allow students to make more informed decisions about various energy options, to understand the essential features of each technology, and to lay the foundation for possible career paths in which such knowledge is important.
Course Necessity: Currently, George Mason University does not offer undergraduate course in renewable or nuclear energy from a physics perspective, and the current proposal is designed to fill this gap. 

Course Relationship to Existing Programs: The course will be taken by the students majoring in any major, provided they fulfill the prerequisites. 

Course Relationship to Existing Courses: Currently, there are no undergraduate or graduate courses in the physics of renewable energy sources, although one course in New Century College deals with energy and the environment, and the topics of nuclear fission and fusion are touched on in several physics courses.

Approval history: None
Semester of Initial Offering: Spring 2010

Proposed Instructor: Robert Ehrlich

Tentative Syllabus: See attached.

Syllabus

PHYS 331: Physics of Renewable Energy
Prerequisites: PHYS 262 or 266, or PHYS 245 with a C or better in MATH 113

Credits: (3:3:0)
Instructor: Robert Ehrlich
Course objective: This course introduces students to the physical principles of renewable energy sources.  Students will be exposed to a broad survey of various types of renewable energy.   The objective is to give students enough information to allow them to understand the imperative for moving to renewable sources, to assess the relative merits of various renewable sources, to do calculations involving them, and to understand the factors in optimizing their design, application and locations.
Course description: Following a review of the basic physics needed for the subject (largely thermodynamics), the course consists of an overview of the entire field of renewable energy, presented with attention to the quantitative (mathematical) and physical principles needed to assess the feasibility and desirability of each source.  It will also go into more detail with respect to solar, bioenergy, hydropower, wind, geothermal, wave, and tidal energy.  The course assumes an understanding of basic physics, and it strives to address energy problems on a mathematical level; which relies on first year calculus, and a good working knowledge of spreadsheets.  There are no labs, but there are field trips.  The exact dates will be announced at the first class meeting so as to minimize conflicts.  Students will have the option of doing a term project in lieu of attending the field trips.  Those who do opt for the field trips rather than a term project are expected to attend three out of five.

Grading policy: The students will be graded on the following basis: Homework – 20%, Midterm Exam - 30%, Term Project (or attendance at 3 field trips) – 20%, Final Exam - 30% 

Textbooks: Renewable Energy Resources – Tidell & Weir, Taylor & Francis, 2007

Sample weekly homework assignment (to illustrate difficulty level).  Note, all the missing numbers needed can be found on the internet.  All parts of this problem assume that calculations are done for the shortest day of the year. 

1. Given your latitude and longitude, determine what the angle A of the sun is above the horizon for each hour of the day from sunrise to sunset.
2. Write a formula that will enable you to find the amount of electricity E (in kw-hr) that a one meter square area of solar cells with typical efficiency placed on a flat roof will produce each hour of the day on the shortest day of the year, assuming that the sun is out continuously.
3. Enter your formula into an EXCEL spread sheet, and tabulate the numbers for each hour of the day, make a graph of E versus time, and numerically integrate the results, so as to find the total number of kw-hrs produced during the entire day.
4. For a realistic estimate, assume that only half that amount of electricity is produced (to take into account overcast skies), and find out the area of solar cells you would need to satisfy the average daily electrical needs of a family of four.
5. How would the minimum area change if the cells were placed on a sloped roof facing south?  Explain.  
6. Estimate the optimum slope angle of the roof so that the area of solar cells needed is a minimum.  (Hint: One easy way to get this estimate would be to assume that when the sun is half-way to its highest position in the sky the suns rays are normally incident on the roof.)

Course schedule

Week 1:  Setting the stage: why renewable energy is urgently needed

Global warming (and other environmental effects) due to fossil fuels), economics, resource scarcity, trade imbalance, national (& global) security, etc

Weeks 2-3: Introducing renewable energy sources: Overview of renewable & non-renewable energy sources. What constitutes an energy “source?” what exactly does “renewable” actually mean?  Brief review of the laws of thermodynamics, and their implications.  Overview of energy usage, energy policies & energy production by source in the U.S. and other countries

Week 4 Water: hydroelectricity, wave energy, thermal gradients & tidal power
Week 5 Solar: thermal & photovoltaics
Week 6 geothermal energy & biomass

Week 7 wind energy

Week 8 Energy storage: batteries, fuel cells, gravity storage, the “hydrogen economy” --  storage and production

Week 9 the electric grid and base and peak loads

Weeks 10-11 energy conservation: Conservation as an energy “source” and the potential (and actuality) in the transportation, residential and industrial sectors

Week 12 environmental and health effects:  Impacts of various renewable energies, and the trade-offs and wise & unwise ideas in the renewable energy field

Week 13 employment opportunities in renewable energy 

Week 14-15 Student project presentations

Field trips.  Students opting to do 3 out of 5 field trips (in lieu of a term project) must sign up at the first class – dates to be announced then:

Renewable energy research facility at National Institute of Standards & Technology (Gaithersburg, MD), hydroelectric power station (Cheat Lake, WV), BP Solar Energy fabrication plant (Frederick, MD), Mountaineer Wind Energy Center (Tucker, WV), 

Mason-Dixon Farm, (Emmitsburg, MD)

Some information on 

Renewable energy jobs
Electricity generated from renewable sources is one of the fastest growing segments of the electric power industry. Renewable energy is derived from sources that cannot be exhausted, such as the sun or wind. Generally, renewable energy is less harmful to the environment than energy cre​ated in traditional ways, such as burning coal and natural gas.  Renewable energy sources are becoming a larger part of U.S. energy generation. As of 2006, according to the Energy Information Administration, about 7 percent of U.S. energy was produced by renewables, but that portion is growing. In 2007, electric production from nonhydro renewables grew by 7 percent. Subsidies and incentives from the Federal, State, and local governments are expected to create more growth. And data from the American Solar Energy Society show that there were about 106,600 jobs in renewable energy industries in 2006.
Wind energy alone is expected to account for over a million jobs by 2020 in areas including design, installation, repair & maintenance, environmental impact, operations, sales, management, consulting, 
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Source: EWEA Wind Force 12

Some job titles of current job posting on greenjobs.com, with numbers by category:

Finance (12)

Conservation (9)

Customer Service

Engineering (55)

Installation (12)

Legal (2)

Manufacturing & Prod (2)

Marketing (12)

Management, gen (14)

Management, ops (28)

Research & Dev (7)

Sales (37)

Software (3)

Operations (37)

Other (19)










