PHYS 3150 — Energy and Sustainability
A global perspective

Miguel Mostafa*
Assistant Professor
Physics Department
University of Utah

May 30, 2007

Abstract

This course provides an overview of energy use around the world, in the
U.S., and in the home. We study global energy and environmental problems
from a wide range of perspectives, with emphasis on understanding contem-
porary issues in energy consumption and its environmental impact. It intro-
duces the physical principles and concepts in energy, the environment, and
sustainability through an examination of current and potential energy sys-
tems, covering extraction, conversion and end—use, with emphasis on meeting
regional and global energy needs in the 21%¢ century in a sustainable manner.
Examination of energy technologies in each fuel cycle stage for fossil (oil, gas,
synthetic), nuclear (fission and fusion) and renewable (solar, biomass, wind,
hydro, and geothermal) energy types, along with storage, transmission, dis-
posal and conservation issues. Focus on evaluation and analysis of energy
technology systems in the context of global environmental goals. An intro-
duction to the global issues of environment and sustainability for students in
science and engineering.

*mostafa@physics.utah.edu
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1 General Information

Course name: Energy and Sustainability: A global perspective

Course number: PHYS 3150

Number of credits: 3

Class times and location: Tuesdays and Thursdays, 9:10 am to 10:30 am, in JFB 103
Instructor: Prof. Miguel A. Mostafa; 224 INSCC; 581-4785; mostafa@physics.utah.edu
Office hours: Monday through Friday, 8:30 am to 5:30 pm (except during class hours)
Department: Physics

Recommended prerequisites

This course has two recommended prerequisites: one class in general physics (either
“General Physics I1,” or “General Physics with Calculus I,” or “Physics for Scientists
and Engineers 1), and one in calculus (“Calculus I”):

e PHYS 2020, or PHYS 2110, or PHYS 2210
e MATH 1210

PHYS 3150 is a 3 credit-hour course which counts toward a minor and major in
Physics.

2 Course Objectives

Overview

Few problems facing humankind today suggest more strongly the need for a global
perspective than the interrelated problems of energy, the environment, and sustain-
ability. Understanding the complex and intertwined set of issues surrounding the
energy—environment problem requires a high level of student motivation and matu-
rity. Students at the University of Utah are generally eager to learn and well-suited
for the give—and—take of a course in which they are expected to participate actively.

This course provides a unique integrated approach to the role that energy and
its environmental impact play in our modern world. We will explore the physics of
energy, learning to calculate the energy content of a wide variety of systems such as
speeding cars, toasty houses and hot tubs, wind, solar illumination, nuclear power
plants, particle-antiparticle collisions, gasoline, and hot dogs.
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We will apply these concepts to the various energy production schemes and usages
found in our lives. We will discuss today’s dominant energy sources, supply lifetimes,
alternatives sources, environmental impacts, and the future of energy in the world.

This course is meant to provide a scientific foundation for understanding the
energy issues facing our country and world so that students will be able to make
informed decisions regarding —and participate in— the ongoing debate surrounding
this important global issue.

Objectives

The course goals are for each student to learn how to understand and analyze issues
related to energy production and usage and its influence on the environment around
us (both local and global). Additionally, an appreciation of the scientific method and
the approach taken by researchers is a goal for the course, such that students can
read scientific articles, not be intimidated, and understand how the constant advance
of science influences our society.

By the end of the course, the student will be able to:

1. discuss the side—effects of energy production and use

2. estimate energy content and conversion

3. explain the physical concept of energy and identify it in the world around us
4. state her own opinion about the future of energy production

5. analyse the energy usage in our lives

6. be well informed on the topic of energy, its use in our society, and the impact
on our environment

7. participate in the ongoing global debate and make smart decisions
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3 Course Content

The class syllabus is divided into eight sections. Each one lasts two weeks approxi-
mately.

Chapter 1: Fundamental laws of Nature

In this first section we set the Rules of the game: what energy is and what the basic
laws of Nature that govern all energy transformations are. It includes: statistics
and data, the second law of thermodynamics, exponential grow, depletion time of a
non-renewable resource, principles of relativity and anti—-matter.

After the first two weeks of classes, students should be familiar with the basic
principles of the fundamental laws of Nature.

Chapter 2: Electricity and the generation of power

In this section we provide a general overview of electricity demand, supply, industry
structure, interconnected system operations and state of technology. We will cover
power transmission, power loss, and suggested developments (eg. high—temperature
superconductors).

Students learn the structure of competitive electric energy systems. They should
be able to undertake a study on how the widespread adoption of clean, renewable
energy sources will affect the electricity distribution grid. They are encouraged to
take into consideration studies done in other countries. For example, studies in
Europe for feeding electricity from renewable sources into the European super grid
system as well as taking it out in distribution to end users. They are also encouraged
to research the status and current developments in third—world countries. Power
systems may be more or less complex because the requirements (voltage, frequency,
geography, natural resources, technologies, etc.) for different countries are not all
the same.

Chapter 3: Fossil fuels

In this section we cover formation of coal, oil, and natural gas, extraction/purification
methods, world reserves and global demand, and environmental advantages and dis-
advantages of sources.

Fossil fuels are the primary commercial energy source in the world today, and
America is the world’s largest consumer of energy. In this section we explore fossil
fuels (coal, oil, natural gas, and other alternatives) from the global perspective of
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energy and its relationship to science and technology, and the environment. Topics
include fossil fuel use and depletion, oil and the energy crisis, climate change, and
possible paths for the future. Discussions on subjects such as the global impact of
the U.S. actions or the world main oil producers are examined through a scientific
point of view, comparing, for example, the different technologies being used, and
research and development programs of different countries.

Fossil fuel technology is not standing still and the fossil fuel industry continues
to innovate. We will also examine a number of current initiatives and ideas such as
clean coal, coal gasification, and others; and evaluate their sustainability attributes.

Chapter 4: Nuclear energy

Students will learn the basic concepts on nuclear fission process, nuclear fuel, elec-
tricity production, nuclear reactor types, environmental advantages/disadvantages,
safety issues, radiation and human health, radioactive wastes, and nuclear fusion.

Discussion topics include: history and future and nuclear power technologies,
global distribution of nuclear power generation, nuclear fuel resources, processing,
use, and disposal, fission vs. fusion power, trajectories of nuclear technologies, and
sustainability attributes.

With over 400 nuclear reactors operating worldwide today, the problem of nuclear
waste has become an international dilemma. The issue of nuclear waste storage
and disposal is complex and fraught with controversy. We will concentrate on the
technological issues associated with nuclear wastes. We will address specifically three
key issues: reprocessing, storage and disposal. Through a brief, but quantitative,
overview of the nuclear fuel cycle, we will illustrate which wastes arise from the
activities involved therein. We will give an overview of the status of technologies
for storage, reprocessing, and disposal, and will address key issues associated with
each of these technologies. The technical maturity and development potential differ
strongly between the three fields, as do the regional issues currently being debated
in each case.

Chapter 5: Renewable Energy

In this section we concentrate on solar and wind energy, and their environmental
advantages/disadvantages.

We will discuss general characteristics, passive and active solar thermal energy,
power generation with thermal solar energy, solar photovoltaic systems (solar cells),
global wind resources, wind energy technologies, wind tower and turbine design, and
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their sustainability attributes.

Chapter 6: Other renewable alternatives

The topics of this section include: hydrogen, fuel cells, biomass and biofuels, small—
scale hydroelectric, ocean waves and tidal energy, geothermal, and their environmen-
tal advantages/disadvantages.

We will give an overview of the “hydrogen economy” and of fuel cells, trajectory
of fuel cell technology, infrastructure requirements for a hydrogen economy, biomass
energy resources, conversion of biomass to thermal energy, conversion of biomass to
intermediate energy resources (e.g., ethanol), and their sustainability attributes.

Chapter 7: Conservation and sustainability

In this section we concentrate on world energy needs and resources.

Topics include: understanding energy use in our homes and reducing the energy
consumption to minimize the impact on the environment. Students will research
and lead discussions on subjects such as: how does my house use energy?, how much
energy do my appliances use?, what is “leaking energy”?, how does my heating system
work?, what exactly does the thermostat do?, how does my refrigerator work?, and
how do I save energy in my house? This section also includes an introduction to
recycling.

Chapter 8: Environmental impacts of energy use

In order to get usable energy from fuels, the fuels have to be mined or extracted,
they have to be transported and processed, and they have to be consumed. At each
step, heat and wastes are produced. In general, the fewer the steps and the lower the
amount of processing, the smaller is the environmental impact of the fuel handling.
How does energy use affect the environment? This section includes the following
topics: a brief history of energy and the environment, what are CO,, NO,, SO,,
and acid rain?, what is the greenhouse effect and global climate change?, and what
are environmentally friendly technologies?
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4 University Requirements

4.1 International Baccalaureate Requirement

The goal of this course is to ensure that students from the University of Utah have
an informed perspective in the global issue of energy and sustainability. It will allow
them to understand topics of global relevance and local impact in a comparative,
broader, and scientific context. The environmental impact of energy use is arguably
the number one problem facing the world in the 21% century. The purpose of this
course is to add breadth and perspective to the students’ understanding of this global
problem, to raise the level of public awareness of our limits and opportunities, and
what we should be doing to move us toward a sustainable future. PHY'S 3150 satisfies
the University of Utah upper—division International course requirement.

4.2 Students’ choice: Interdisciplinary

This course also offers the possibility of reaching to other departments, especially
outside the College of Science. There are a large number of issues that cannot be
addressed in a purely physics course. Some examples of these are:

e Deregulation of electricity companies in many countries that has led to renewed
interest in reliable economic design of transmission networks.

Separation of transmission and generation functions. (This is one of the factors
that contributed to the 2003 North America blackout.)

Economic and regulatory policy aspects of electricity and electricity markets.

Cost “fundamentals” of emerging sustainable energy technologies.

Which sustainable energy technologies show the greatest long-term economic
promise? Which ones are closest to commercialization?

It is therefore foreseen that this course might evolve to cover these issues together
with faculty from other Departments and Colleges such as the College of Law, the
Political Science Department, and the Department of Economics. In such an inter-
disciplinary course we would study the global energy and environmental problems
from an even wider range of perspectives, with emphasis on understanding how the
different disciplinary approaches are interrelated.
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5 Evaluation Methods

In addition to the regular homework assignments, students are required to write two
scientific articles during the semester on topics of their own choosing and to lead
class discussions based on their research. In addition, they are encouraged to read
news clippings each week on current events. Students are expected to come to class
each week prepared to contribute something to the topics of discussion for that week.
There are two exams (midterm and final). Grades are based on the scientific articles,
assignments, and tests, as well as general participation in all class discussions.

Reading and Assignments

Assigned readings will be an essential part of 3150. They will be announced in
class and appear on the web page, and include: articles from newspapers, published
scientific papers, web logs, and articles from different books and magazines.

Homework

There will be weekly homework assignments. They will be posted each week on the
web page. Although students can work in groups, they must solve the problems
individually and write up not only the final answer but also show the work involved
to get full credit.

Scientific Articles

There will be two scientific articles assigned for this course. The due dates for these
papers will be posted on the web page. The articles will be on assigned topics
(with different topics for each student). The topic must be researched and then
certain questions answered in detail with quantitative analysis. All references must
be included and all written work in the article must be their own or properly cited!.
Any example of plagiarism will result in a failing score.

The scientific articles are to be four typed pages long (12 point font, double
spaced). All references and possible figures or tables should be included at the end
and are not counted as part of the four pages. Not conforming to this format will
result in a returned paper.

LA good example of style preferences is the Physical Review Style and Notation Guide,
available on the web site of the American Physical Society at hitp://authors.aps.org/STYLE/.
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Suggested subjects

The following titles are suggestions for the scientific articles. (Note that the subjects
you choose for your articles are not limited to the ones in this list.)

Physics of fuel oil

Technicalities of hybrid cars

Oil and the Middle East

Innovations in crude oil production

Drilling for oil in the Alaskan National Wildlife Reserve
Oil spills

Clean coal in the future

Pros and cons of nuclear power

France and nuclear power

Nuclear fusion: the journey to ITER

Should the U.S. develop wind energy further?
Solar power over the world

Energy and agriculture

Renewable energies in Africa

Growth of economy and consumption in China
The world and its ability to provide

Allure of the Rainforest

Global warming

The Ozone layer and Antarctica

Energy use in the U.S.
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e Personal energy consumption

e What’s going on in your own backyard: Yucca Mountain
e Kyoto and the effect on world energy use

e Energy in third world countries

e Danish wind power

e The future of SUVs

e Trends in nuclear power

Extra Credit

Periodically through out the semester there will be short extra credit assignments an-
nounced in class and posted on the web page. There is no penalty for not completing
those assignments.

Exams and Grading

There will be two (2) in—class exams evenly spaced through the semester. The exact
dates will be announced in class and on the web page.
The final grades will be determined as follows:

45% - Two in—class exams (20% the mid—term, and 25% the final)
20% - Two scientific articles (10% each)
20% - Weekly homework assignments

15% - Class participation/response system (Clickers can be purchased at the
bookstore. See below.)

6 Texts and references

No textbook is required for this course as this field is changing so rapidly, any text-
book becomes quickly out of date. We will therefore make heavy use of network re-
sources (e.g., the Internet) for providing documentation and guides to various forms
of sustainable energy technology.

The student response system (clickers) will be mandatory. They can be purchased
at the bookstore for approximately $15.
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Related textbooks

There are, for example, over 100 titles in the Marriott Library under the subject Re-
newable energy sources. This list covers most subjects, but is certainly not complete.
Awailable in the Marriott Library:

e “Renewable Energy,” Godfrey Boyle, Oxford University Press
TJ808.R42 2004

o “World energy outlook to the year 2010,” International Energy Agency, Orga-
nization for Economic Cooperation & Development
HD9502.A2 W66943 1993

e “FEnergy Systems and Sustainability,” Godfrey Boyle, Bob Everett, and Janet
Ramage, Oxford University Press
TJ163.2.E4925 2003

o “Sustainable Energy: Choosing Among Options,” Jefferson W. Tester, Elisa-
beth M. Drake, Michael J. Driscoll, Michael W. Golay, and William A. Peters,
MIT Press
TJ808.585 2005

o “Enuvironmental Physics,” Egbert Boeker and Rienk van Grondelle, John Wiley
and Sons

GE105.B64 1995

o “Energy at the Crossroads: Global Perspectives and Uncertainties,” Vaclav
Smil, MIT Press
HD9502.A2 S543 2003

e “Energy and the Environment,” James A. Fay and Dan S. Golomb, Oxford
University Press
TD195.E49 F39 2002

e “Energy and the Environment,” Jack J. Kraushaar and Robert A. Ristinen,
John Wiley and Sons
TJ163.25 U6 R57 1999

e “Energy: Science, Policy, and the Pursuit of Sustainability,” Edited by Robert
Bent, Lloyd Orr, and Randall Baker, Island Press
Electronic book available at: http://site.ebrary.com/lib/utah/Doc?id=10064667
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o “Alternative Energy: Facts, Statistics, and Issues,” Paula Berinstein, Oryx
Press
TJ808.B467 2001

e “Renewable Energy,” Bent Sgrenson, Academic Press
TJ163.2.566

e “FEnergy Revolution: Policies For A Sustainable Future,” Howard Geller, Island
Press
Electronic book available at: http://site.ebrary.com/lib/utah/Doc?id=10079995

e “Renewable Energy in Furope: Building Markets and Capacity,” European Re-
newable Energy Council, Earthscan Publications Ltd.
TJ807.9.E85 R47 2004

e “Sustainable Energy in China: The Closing Window of Opportunity,” Noured-
dine Berrah, Fei Feng, Roland Priddle, and Leiping Wang, World Bank Publi-
cations
HD9502.C62 S868 2007

o “A sustainable fiscal policy for India: an international perspective,” Anne O.
Krueger, Peter S. Heller, and M. Govinda Rao, Oxford University Press
HJ1334.S87 2006

e “Handbook of energy and the environment in India,” Bani P. Banerjee, Oxford
University Press
HD9502.14 B36 2005

o “Ffficient electricity use: a development strategy for Brazil,” Howard Geller,
American Council for an Energy-Efficient Economy
TK1.G43 1991

Other titles:

e “Energy Technology and Directions for the Future,” John R. Fanchi, Academic
Press

o “Fundamentals of Renewable Energy Processes,” Aldo V. da Rosa, Academic
Press

o “Enuvironmental Physics,” Clare Smith, Routledge

o “Energy: A beginner’s guide,” Vaclav Smil, Oneworld Publications
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Other experiences

It is important to mention that similar courses regarding energy, the environment,
sustainability, and/or energy policy are being taught in other campuses across the
country. Some examples of these are:

e “Energy: Science, Policy, and the Pursuit of Sustainability,” seminar course at
an advanced undergraduate level (L330), College of Arts and Science, Indiana
University

e “Environmental Physics,” Physics course at an advanced undergraduate level
(P310, which requires P201 or P221 and M211), Department of Physics, Indi-
ana University

e “Sustainable Energy Systems,” graduate/master level course, School of Public
Policy, University of Michigan

e “Energy and Modern Society,” Interdisciplinary (College of Earth and Mineral
Sciences; Science, Technology & Society; and Sociology) course at an advanced
undergraduate level (420), Penn State University

e “Renewable Energy Systems,” Engineering course at an advanced undergrad-
uate level (ECE 398, which requires ECE 210 or ECE 205), Electrical and
Computer Engineering, University of Illinois at Urbana-Champaign

e “Physics of Energy and The Environment,” Physics course at an undergraduate
level (161), Department of Physics, University of Oregon

e “Energy and the Environment,” Physics course at an advanced undergraduate
level (PHY'S 3070, but no background in physics is required. Approved for Arts
and Science core curriculum.), Department of Physics, University of Colorado

e “Sustainable Energy,” interdisciplinary graduate level course, Eng. Systems
Division, Nuclear Science and Eng., Urban Studies and Planning, Mechanical
Eng., Civil & Environmental Eng., and Chemical Eng., MIT
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7 Students with Disabilities

The University of Utah seeks to provide equal access to its programs, services and
activities for people with disabilities. If you will need accommodations in the class,
reasonable prior notice needs to be given to the Center for Disability Services, 162
Union Building, 581-5020 (V/TDD). CDS will work with you and the instructor to
make arrangements for accommodations.

All written information in this course can be made available in alternative format
with prior notification to the Center for Disability Services.

8 Accommodations Policy

Some of the writings, lectures, films, or presentations in this course may include
material that conflicts with the core believes of some students. Please review the
syllabus carefully to see if the course is one that you are committed to taking. If you
have a concern, please discuss it with me at your earliest convenience.

For more information, please consult the University of Utah’s Accommodations
Policy, which appears at www.admin.utah.edu/facdev/accommodations-policy.pdf.

9 Rights and responsibilities

Faculty

Responsibilities of faculty are spelled out in Rights and Responsibilities, which can
be found on the web at: http://www.admin.utah.edu/ppmanual /8/8-12-4.html. The
instructor’s responsibilities include the following:

e Convene classes unless valid reason and notice given.
e Perform and return evaluations in a timely manner.
e Inform students at beginning of class of:

1. General content and course activities
2. Evaluation methods and grade scale

3. Schedule of meetings, topics, due dates.

Ensure environment conducive to learning.

Enforce student code.
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Students

The mission of the University of Utah is to educate the individual and to discover, re-
fine, and disseminate knowledge. The University supports the intellectual, personal,
social, and ethical development of members of the University community. These
goals can best be achieved in an open and supportive environment that encourages
reasoned discourse, honesty, and respect for the rights of all individuals. Students
at the University of Utah are encouraged to exercise personal responsibility and
self-discipline and engage in the rigors of discovery and scholarship.

The Code of Student Rights and Responsibilities has seven parts. The full text
is available on the web at http://www.admin.utah.edu/ppmanual/8/8-10.html, and
also in Student Affairs.

All students are expected to maintain professional behavior in the classroom set-
ting, according to the Student Code, spelled out in the Student Handbook. Students
have specific rights in the classroom as detailed in Article III of the Code. The
Code also specifies proscribed conduct (Article XI) that involves cheating on tests,
plagiarism, and/or collusion, as well as fraud, theft, etc. Students should read the
Code carefully and know they are responsible for the content. According to Faculty
Rules and Regulations, it is the faculty responsibility to enforce responsible class-
room behaviors, and I will do so, beginning with verbal warnings and progressing to
dismissal from the class and a failing grade. Students have the right to appeal such
action to the Student Behavior Committee.



