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OWe need an engy bill that encourages consumption.O
President Bush, Sept. 23, 2002, Trenton, New Jersey, speech

Image from www.doonesbury.com

Money makes the world go around, but energy makes it go a whole lot more pleasantly. Imagine life

in the modern world without gasoline for transportation, natural gas to heat water and living space,

and electricity for countless conveniences of modern life. Unfortunately, we are using up nonrenew -
able energy resources at an alarming rate, with significant impacts on the global environment.

The present U.S. economy depends critically on the steady availability of high-quality fossil fuels.
Global identification of these sources has peaked and  global production will peak in this decade, if
it hasn't already. What does the future hold?

Some Questions

¥  What fraction of U.S. and world electricity is generated by renewable sources? How rapidly
is it increasing and what policies are likely to produce the most rapid growth in renewable
electricity production? Do geothermal sources hold significant promise, or should we con -
centrate on solar and wind? What about ocean currents or OTEC?

¥ How much of the American Southwest would need to be covered in solar cells to supply the
electrical needs of the country? When production costs are included, are solar cells a net
energy producer or consumer?

¥ Many scholars and entrepreneurs have argued that this century must see the petroleum
economy transform into the hydrogen economy. Is this realistic? Are fuel cells the answer
for transportation needs, or are there still significant technological challenges to their
widespread deployment? How are we going to produce all the hydrogen needed to power
that brave new economy?

¥ The United States has extensive deposits of coal, enough to last for hundreds of years. But
burning coal puts carbon dioxide and other pollutants into the atmosphere, contributing to
global warming. It is also impractical for transportation unless it can be processed to pro -
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duce liquid fuel. Are coal liquefaction and gasification promising technologies, or should we
focus on more sustainable alternatives?

We have long known that the deuterium in sea water could satisfy human needs for energy
for thousands of years if we can develop controlled fusion. How likely is it that we will har
ness fusion power in the next thirty years? Ever?

Gasoline hybrid engines have arrived on the market in the past several years and achieve
unprecedented fuel economy. Lexus has just introduced a hybrid SUV that gets the mileage
of a reasonably efficient passenger car and superior performance. Should the U.S. Govern
ment take a more active role in encouraging improved mileage standards? Alternative tech
nologies? Would improved electric vehicles using recent advances in battery technology suc
ceed in the American or foreign marketplaces? Should the U.S. adopt European and
Japanese-style fuel taxes to encourage conservation?

What is the current rate at which the U.S. Government subsidizes fossil fuels?

Course Outline

The course will address the sources and uses of energy in the US and world society, and how the
availability and side effects of energy consumption influence the human condition. In particular, the
course will examine

KK K K

K K

¥

world and domestic energy use trends and their relationship to standards of living;
per-capita energy use and population trends in under-developed and developed countries;
types of energy resources, their geopolitical distributions and expected lifetimes;

the technological and scientific basis of energy extraction from various resources, including
hydrocarbons, solar, hydro, wind, and nuclear;

the associated environmental impacts of such conversion and use;

the economic costs associated with each type of energy; and

political and safety concerns associated with each resource.

Assignments and Requirements

The course will require the synthesis of alternative perspectives and the prioritization of disparate
goals and competing values; e.g., economic development versus environmental degradation, energy
independence versus energy costs, conservation and increased efficiency versus development of
new resources.

¥ Consistent punctual attendance and participation

¥ One 70-minute interactive class presentation, to be done in pairs. The format of this pres
entation will perhaps evolve during the semester; see  the presentations page for details.

¥ Several short (1-page) essays, to be submitted electronically

¥ Preparation for and active participation in several debates on the social and ethical implica
tions of various technologies

. A longer paper (10-12 pages) analyzing the issues listed above as they pertain to a particu
lar energy technology or resource

Schedule
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Date

Topic

Reading

Assignment

Tuesday, 1/18

Togo & Energy Use

Thursday, 1/20

Historical energy use

Tuesday, 1/25

Population

Issue 13 from the course text;
Population Connection

Thursday, 1/27

Physics of thermal
conversion

First short essay, on
population

Tuesday, 2/1

Tragedy of the Com -
mons

Tragedy of the Commons; and Ex -
tensions

Thursday, 2/3

Fossil Fuels

Tuesday, 2/8

Off

Issue 11

Thursday, 2/10

Debate on issue 11:
Should existing power
plants be required to
install state-of-the-

art pollution controls?

Tuesday, 2/15

Global Warming

Rachel and Shannon's page

Thursday, 2/17

Debate on Issue 9:
Should society act now
to forestall global

March 2005 Scientific American
article on 8000 years of human-
induced warming

warming?

Tuesday, 2/22  |Coall Coal links on the sources page Second short essay, on
the cap-and-trade ap -
proach

Thursday, 2/24 |Automobiles References

Tuesday, 3/1

Debate on CAFE stan -
dards

See the background information and
debate question on the automobiles

page

Thursday, 3/3

Conservation

Megan and Joe's page

Tuesday, 3/8

Passive solar, archi -
tecture

Conrad and Katelyn's page

Thursday, 3/10

Solar photovoltaics
(Nicole and Jessica)

Nicole and Jessica's page

Tuesday, 3/15

Spring break

Thursday, 3/17

Spring break

Tuesday, 3/22

Biomass and agricul-
ture

David and Brian's page

Thursday, 3/24

Debate on Issue 2: Is
sustainable develop -
ment compatible with
human welfare?

Tuesday, 3/29

Hydrogen, fuel cells

Sara and John's page
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Thursday, 3/31

Debate on Issue 10:
\Will hydrogen end our
fossil-fuel addiction?

Third short essay, on
subsidies

Tuesday, 4/5

Hydro, geothermal,
OTEC

Meri and Todd's page

Thursday, 4/7

\Wind

Tuesday, 4/12

Fission, breeders

Meghan and Chad's page

Thursday, 4/14

Debate on Issue 12: Is
it time to revive nu -
clear power?

Tuesday, 4/19

Fusion (Brendan and
Eddie)

Brendan and Eddie's page

Thursday, 4/21

Field trip to the wind
farm!

Tuesday, 4/26

Debate on Issue 19:
Should the U.S. con -
tinue plans for perma -
nent nuclear waste
disposal exclusively at
'Yucca Mountain?

Thursday, 4/28

\Wrap up
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Guidelines for Preparing Presentations

You all will be doing most of the teaching in this course; each of us will play both teacher and stu -
dent roles. For this to work effectively, we must prepare presentations thoughtfully, carefully, and
with sufficient lead time, keeping the following points in mind.

the questions and discussions, as
well as final thoughts on the en -
tire presentation/discussion

Element Min Description Example
Background 15 Your talk should discuss the basic A talk on hydroelectric power should
Presentation physics of the technology, cur - discuss methods and efficiency of
rent and historical utilization and generation, current and historical
trends, and the advantages and use, potential for expansion, impact
disadvantages for various stake - on ecology and the business environ -
holders (industry, public, envi - ment
ronment)
Feedback 5 A quick evaluation of the quality I will provide a form for this feed -
and clarify of the presentation back. Questions to include choice of
materials, style of presentation, ef -
fective use of visuals, etc.
Break out 20 Groups of students will be as - ¥ What are the externalities of hy -
signed an open-ended question to droelectric power?
discuss. Different students will
serve as moderators, scribes, and ¥ |s the ecological cost of further
critics of the discussion, prepar - | hydro development in this country
ing to report out afterwards too great? What about overseas?
¥ Does hydropower encourage indus-
tries that are otherwise unsustain -
able, and if so which?
¥ Can/should hydro play a larger role
in energy storage and load-leveling?
Reporting out 25 Each team summarizes to the There may also be whole-group dis -
group their findings and conclu - cussion of the findings
sions
Feedback 5 An evaluation of the quality of
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How to Prepare Slides

First some general guidelines on preparing interesting and effective slides for your presentation:

¥ Sparse > busy N too much information on a slide is tiresome and distracting. It is better
to err on the side of simplicity

¥ Graphics > text N a picture is worth 1000 words. In some cases it is important to quote
verbatim on a slide; usually it is preferable to speak the words and show the pictures

¥ Avoid small fonts N try projecting your base slide and viewing it from the back of the
room. Is the text large enough? Does the background or the color of the text make it diffi
cult to read? Is that color decidedly different from its appearance on your screen? Note
that | will provide a Macintosh equiped with Keynote, PowerPoint, and Acrobat Reader 7. If
you prepare your talk with PowerPoint, avoid nonstandard fonts to avoid unpleasant sur -
prises!

¥ References N Make sure to indicate the sources of your graphics, data, and other content,
whether they be URLs or traditional.

¥ Label graphs N Graphs and plots should be clearly labeled in a legible font. Certain pro
grams (Matlab, GNUplot) use by default a very small font size. Override it!

¥ Clean and simple > complicated

¥ Color, backgrounds, fancy fonts N it is tempting to some of us to spend lots of time on
these, but try to keep such efforts modest. Random bright colorful text can diminish ef -
fectiveness N | have wasted time in presentations trying to figure out the meaning of a
presenter's color scheme, ultimately deciding that is was random. Bottomline: be consis -
tent.

Bringing the Presentation

There are two USB flash drives for the course. These use the DOS FAT16 format, which is read
able by PCs and Macs. No driver is required for Macs, or for Windows Me, 2000, or XP. Users of
Windows 98SE need to install a driver from the Memorex website and select the driver for your
flavor of Windows98.

Two Beasts to Avoid: Cow and Bull

Let me start by describing two unsuccessful strategies. We all know what B.S. is: a litany of unsub
stantiated opinions and conjectures, often of dubious validity. Some topics inspire great passion and
enthusiasm, leading one to form deeply held opinions. Indeed, | hope that we all find many such top
ics in this course. However, even a very enthusiastic presentation of your deep-seated convictions
will not be as informative, or ultimately as persuasive, as it could be when supported with appropri
ate neutral (factual) information. Avoid the bull!

Perhaps less familiar is cow. Cow is the opposite of bull: a litany of disconnected facts and data. Cow
is often less informative and almost always less engaging than bull. You can spot cow presentations
by their great number of slides, and by the modest time spent on each slide. | once attended a
presentation at a Gordon conference in which the speaker slapped transparencies showing graphical
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data on different types of glass at the rate of about 3 per minute. Rest assured that about the only
thing communicated was boredom.

People need time to absorb the information on a slide, whether it involves graphics, text, or both.
Remind yourself that your audience is seeing the slide for the first time. Help us get oriented to
the visual information, but with your oral presentation supplement the visual information. A presen
tation in which the speaker reads the text of PowerPoint slides is deathly!

Pace

It can be tough to get the pacing of a presentation right; too fast and people quickly get lost and
tune out; too slow and they get bored. Watch the audience and listen to yourself speak. Many of us
speak faster when we're nervous. Take a deep breath from time to time and watch the audience for
signs that they are following. Drop in a question from time to time.
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Questions

(Q01) The human population thatttheaB suppmust v@ an upper bound.yAcwde estimate
could be made by computing thieemagseofl0 crearth's land surface atdirdj by the mass
of an adult humaant &is saly owestimatesuth's caying capachale a better estimétesof
maximum futunuman populatidrat\i¢ the critical, limiting facterpl&laédassumptions to
justifyour choice.

(Q02) Some peopjeeaathat a cap-and-trade schemesipasiiEden the aese in acid rain in

the ntineast. In such a sahenaal amourgwfur (for example) that can be emitted into the atmos
pher thoughout the nation is cappediatieeteand licenses to emiteudlistributed among the
existing pducers in a fashion teatimdd account the emissmat plageimeiofposition thfe

capA marlkt for emission atioas is thenlestad to allow clean installations to sell emission allow
ances they don't needtyaindtdifations tcpase emissioraatte® so they can pobuteamor

they arentitled foschedule is ksialol to lemthe caprirgar toearthus gradually solving the
pollution pilem. Other peoglesathadgulation is ma@kectie.

What a@ the sahtages and desddges $feking educe or eliminate a pollutant such as sulfur or
carbon-gide using a cap-and-trao@chp@iid gu adocate using such aaeppn carbon emis
sions in the United Statgsor\iW not?

(Q03) Since the oil crisiedf970the L& govement has sulesidike @aduction ethanoloim

con to educe consumpt{onpded) oil and togiuce a cleaneifguogenated fuel. The State of
Califania launched the Ga#féneging Reraddgs By Down &ram in gril 0f1998. This @r
gram pwrides a subsidypdd 50% dlfie installed cost foeneside engr generation, including
photovoltagmsall wind, and fuel cells fustedabthspuesBiefly discuss the@ppateness and
usefulnesdoth subsidggpmgabout a pageild be fine)

Final Paper

A term paper of 10-12 pages is due in class on April 28. It is worth 40% of your course grade. The
paper should treat in depth a topic different from the one you explored for your in-class presenta -
tion.

Modification of above (26 April 2005): papers should be 10-20 pages in length; they are due by
05:05:05 pm on Thursday, 5 May 2005 in my office. | put the original page limit so as not to
frighten you; on the other hand, you may find that it is difficult to develop an extended argument in
only 12 pages, or you may find that by inserting some figures you quickly run past the page limit.

First, be sure to provide appropriate source information for such graphics. Second, you may sub -
tract the space allocated for the figures from the page count. See the second major bullet point

below for how papers will be evaluated.

¥ The paper should explore a topic pertinent to the themes of the course, treating technological,
environmental, and social aspects of the topic. Examples:

¥ Coal gasification: technology, economics, and environmental consequences

¥ Renewable production of hydrogen for the hydrogen economy of the 21st century
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¥ Nuclear power in the 21st century: prospects for the revival of the American nuclear power in -
dustry

¥ Nuclear waste disposal: present perils and future pitfalls in the U.S., Russia, and France
¥ Lovins' soft energy path: prospects and problems
¥ Papers will be judged on

¥ the careful, fair, and honest treatment of the various sides of the issue;

¥ the quality of the sources on which they draw, as well as their careful evaluation within the
paper;

¥ the depth and balance of the treatment of both technical and social issues;
¥ and the quality of written expression.
Timeline

¥ 3/29 N Topic identified. Submit a paragraph description outlining the topic and issues you intend
to explore.

¥ 4/7 N Three sources of high quality identified. These include books, articles published in refe
reed journals, and government reports.

¥ 4/28 N Paper due. Please submit electronically — on the WIKI . Acceptable formats: LaTeX, Word-
readable, PDF.

Physics 80 N Energy and the Environment



