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Welcome to “Power to the People: A University Dialogue on Energy.” Now in its second 

year, the University Dialogue is an ongoing effort to engage the UNH community in a series of 

discussions and activities that explore a common theme. With continued support from the Provost’s 

office, a dedicated group of faculty, students, and staff worked closely with the Discovery Program 

to develop this year’s topic and to select our distinguished authors. We are pleased to present the 

results of our collaborative work, and we are especially grateful to the authors themselves, whose 

commitment of time and expertise makes this endeavor possible. 

This collection of short papers, written by our colleagues on UNH’s Durham and Manchester 

campuses, is an invitation to examine the topic of energy from multiple vantage points. We 

hope that the papers stimulate thoughtful analysis, provoke vigorous discussion, and invite new 

questions. During the fall and spring semesters, the University Dialogue will unfold in classrooms, 

at film showings, in residence halls, and in conjunction with other activities both on and off 

campus. Participants will be able to interact with our Discovery Authors and with invited speakers 

throughout the year, culminating with a Town Hall Meeting in the spring. Each event, like each of 

the following papers, affords an opportunity to consider the implications of energy in a new way. 

We look forward to the discussion, and we hope to see you at many of the events that are associated 

with this year’s University Dialogue. 

Best wishes for a successful year,

Joanne Curran-Celentano

Director
UNH Discovery Program

Cliff Brown

Co-Director
UNH Discovery Program



4

Greetings Class of 2010,

Welcome to the University of New Hampshire’s “Power to the People: A Dialogue on Energy.” 

When I look back at myself before college, I see a young man who was overwhelmed by the vastness 

of life and the many choices it had to offer. I bet that many of you feel this way. 

The beautiful part of UNH is that you are given so many opportunities to guide yourself through 

the many possibilities in life. These opportunities encourage you to ask questions that push you to 

meet your greatest potential. 

The University Dialogue is one of these opportunities. Energy is so relevant. The following papers, 

written by UNH faculty members who will be your mentors in coming years, offer perspectives on 

energy that include problems with oil supply and dependence, scientific information about energy, 

and social energy from an art-based perspective. 

The University Dialogue is an excellent introduction to the future at UNH. It is your first 

opportunity to participate in an intellectual conversation with thought provoking material inside 

and outside of the classroom. Each author was carefully chosen to give you a different perspective 

on energy. 

Learning is a life-long process. Through hard work and dedication, you will graduate in four years 

with a diploma. Intellectually, you will leave with something much greater: the ability to think freely 

and question your own and others’ beliefs.

I encourage you to take part in learning outside of the classroom right from the start of your 

freshman year. Power to the People provides the opportunity to engage in thoughtful conversation 

and open your mind to topics that are important to our generation and those to come. 

Get involved. Ask questions. Have fun. It’s the Wildcat way. 

Thank you,

Sean P. Kelly

Student Body President
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Introduction
For 50 years, the United States has protected access to 
Persian Gulf oil with military interventions and war to 
support the energy intensive lifestyles of American in-
dividuals. Considering that we must someday abandon 
this unsustainable resource, we have a choice: abandon 
it now and prevent more war, or fight for fifty more years 
and abandon it then. This paper elaborates on these 
themes and provides a blueprint for anyone who would 
join the effort to prevent future wars by choosing a less 
energy intensive lifestyle today.

Is U.S. Energy Consumption Excessive?
Imagine a party with twenty people and eight large 
pizzas. One guy gobbles down two whole pizzas while 
nineteen people stare in disbelief. That guy is the U.S. 
The world’s largest energy consumer, we account for 26 
percent of global fossil fuel consumption.1 We have less 
than five percent of the world’s people.2 
 Over 85 percent of our energy comes from fossil fu-
els.3 The biggest chunk goes to produce the products we 
consume. The U.S. Energy Information Administration 
categorizes energy consumption as follows: 

 Residential - 21 percent, 
 Commercial - 18 percent, 
 Industrial - 33 percent, 
 Transportation - 28 percent.4 

 But we only need one category: The Consumer—100 
percent. Individual consumption drives it all. 
 The U.S. relies most heavily on imported oil.5,6 The 
largest source is the Persian Gulf,7 of which Saudi Ara-
bia is 66 percent. Even so, the Persian Gulf represents 
only 17 percent of total imports. That 17 percent has 
been costly.

Persian Gulf Oil: At What Cost?
The U.S. has been in Iraq for three years. We invaded 
to prevent U.S. enemy Saddam Hussein from providing 

weapons of mass destruction (WMD) to the likes of U.S. 
enemy Osama bin Laden. There is no oil in that equa-
tion. But let’s drill a little deeper. 

Saddam: He became an enemy after invading Kuwait in 
1990. True to the long-standing 1945 “oil for protection” 
deal U.S. President Franklin D. Roosevelt made with the 
Saudi royal family,8 Bush senior responded by sending 
troops to Saudi Arabia to form a “Desert Shield.” 9,10 
That and the “Desert Storm” that crushed Iraq were jus-
tified because “Access to Persian Gulf oil ... [is] vital to 
U.S. national security.”11  

WMD’s: We know Saddam had WMD’s because we pro-
vided them,12 along with other aid,13 to help him defeat 
Iran in the 1980s. We were mad because the Iranian 
people revolted and threw out the U.S. friendly leader, 
the Shah.14 We worked hard in 1953 to bring the Shah 
to power by overthrowing Iran’s democratically elected 
Prime Minister,15 who made the mistake of nationaliz-
ing Iran’s oil industry.16 

Bin Laden: At the same time, to keep the Soviets away 
from Persian Gulf oil,17 the CIA armed, trained, and 
funded the mujahideen, including Saudi-born Osama 
bin Laden, in Afghanistan.18 Capitalizing on his result-
ing war hero status, bin Laden voiced popular opposi-
tion to the Saudi government’s reliance on the U.S. for 
defense against Iraq in 1990.19 The continued presence 
of U.S. troops and military bases on Saudi holy land 
became the first point in his 1998 fatwa—urging jihad 
against Americans.20

 In 2001, terrorists flew commercial jets into the 
World Trade Center and Pentagon. Fifteen of the nine-
teen suicide bombers were Saudi Arabian.21 The attacks 
were masterminded by Osama bin Laden.22 In 2003, 
President Bush concluded that Saddam Hussein would 
provide WMDs to the likes of Osama Bin Laden, which 
brings us back to the beginning of this story. 
 All for a resource we must abandon anyway.

The Power of One

WALT ALDER MAN

BUSINESS ADMINISTR ATION

UNH MANCHESTER 
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Is Abandonment of Fossil Fuels 
Inevitable?
Fossil fuels start off as plants.23 If we planted a fossil fuel 
garden today, we could expect fresh coal, oil, and natu-
ral gas in about 10 million years.24 With annual replant-
ing, we could use 1/10,000,000th of the output each year 
on a sustainable basis. Let’s see if today’s global fossil 
fuel consumption is sustainable.
 There are 1.2 trillion barrels of proved oil reserves 
worldwide.25 The world’s population could sustainably 
use 1/10,000,000th of that, or 120,000 barrels of oil per 
year. How many barrels are we currently using per year? 
Nearly 30 billion.26 Some oil in the ground has yet to be 
found or accessed, but it would have to be 246 thousand 
times more than current known reserves to support 
our consumption on a sustainable basis. The proved 
reserves will only last another 40 years at current global 
consumption rates.27 
 It is the same story for coal (155 more years)28 and 
natural gas (67 more years).29 Remember, it took 10 mil-
lion years to make this stuff. It doesn’t make sense to 
waste one more life over this unsustainable resource.

What Can We Do?
Since U.S. industry consumes more energy than any 
other sector, the first priority is to buy less stuff. Here’s 
how:

Watch less TV. TV is the medium through which the 
world’s top psychologists use cutting-edge knowledge 
and technology to get you to want things you don’t 
need. 

Buy used goods. Every time you purchase something 
new, the manufacturer makes another one. Buying used 
takes more planning, patience, and effort than buying 
new, but remember why we’re doing it. Here are some 
resources to get started: 

• How To Survive Without A Salary, by Charles Long. 
Practical tips from the king of buying used.

• www.ebay.com. Worldwide online auction site. 

• www.craigslist.org. Online classifieds by state and 
town. 

Eliminate disposables where possible. Nothing wastes 
resources like a product made to be thrown away. The 
U.S. generated 236 million tons of garbage in 2003,30 
nearly one ton per person. Thirt-five percent was paper. 
A rag is as good as a paper towel. Reusable cloth can 

replace paper for napkins, diapers, menstrual pads, and 
grocery bags. Reusable containers can replace plastic 
wrap and tin foil. One straight razor replaces a lifetime 
of disposables. Use a permanent coffee filter. Carry your 
beverages in travel mugs or durable water bottles. One 
big disposable container is better than several smaller 
ones. Less packaging is better than more. Notice every-
thing you throw away and try to reduce the waste. If we 
don’t buy it, they won’t make it. 

Think about food. Seventeen percent of U.S. fossil fuel 
consumption goes to food production.31 Why? Large 
industrial farms have depleted their soil of nutrients 
and must rely on inorganic fertilizer made from natu-
ral gas and coal. Fertilizer is the largest component of 
agricultural energy consumption (31 percent).32 Also 
food constitutes 20 percent of total U.S. commodity 
transport.33 

What can we do? Grow our own food. A great way to 
start thinking about it is to learn about “permaculture.” 
I recommend :

• Permaculture One, by Bill Mollison and David 
Holmgren, and 

• Permaculture: A Designers Manual, by Bill 
Mollison.

In New Hampshire, you can visit a sustainable farm in 
Dorchester called D Acres (www.dacres.org). If you live 
in a city, check out “Urban Agriculture”: www.foodse-
curity.org/PrimerCFSCUAC.pdf and www.cfap.org/
afs_temp3.cfm?topicID=449. Another option is to buy 
food from local farms, directly or at farmers markets. 
Or you could join a Community Supported Agriculture 
(CSA) farm where members pre-buy shares in a local 
farm and share in the bounty and risks: www.sare.org/
csa. Another option is to join a food co-operative with 
a focus on sustainable agriculture: www.localharvest.
org/food-coops. 

Generate your own electricity. There are several resourc-
es out there for anyone who wants to try. Here are some 
of the best:

• www.otherpower.com “The cutting edge of low 
technology.” All kinds of DIY electricity projects, 
especially windmills.

• www.utterpower.com: good source for learning 
about using low-speed diesel engines that can be 
run on vegetable oil to generate electricity.
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• http://journeytoforever.org/biodiesel_svo.html: 
how to use vegetable oil as fuel.

• www.stirlingengine.com: these engines are being 
used to capture waste heat and convert it to 
electricity. 

Use passive solar to heat your home and water. Unlike 
solar panels, which can be energy-intensive to make, 
passive solar utilizes simple materials and intelligent 
design to capture the energy of the sun. 

• Water: You can get free hot water from the sun in 
the northeast for nine months out of the year. Build 
it yourself: www.motherearthnews.com/top_ar-
ticles/1984_January_February/Build_an_Integral_
Passive_Solar_Water_Heater.

• Home: The idea behind a passive solar house is to 
face it south, use enough glass on the south side to 
let in the right amount of sun, and fill the house 
with high-thermal density materials to absorb the 
heat. You can build one from scratch, or convert an 
existing house. Passive solar can heat a house in the 
winter and cool it in the summer: www.illinoissolar.
org/fact_sheets.

Conclusion
Like women’s suffrage or the abolition of slavery, mas-
sive cultural change is needed to end a practice that is 
harmful and wrong. Our current lifestyles have con-
sequences. Make the connection. Make a change. One 
individual at a time. 
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One day the Earth and the Sun engaged in a dialogue. It 
went something like this:

Sun: Planet Earth, I have been observing you lately, and 
it looks like you are absorbing more of my energy than 
you have in the past.

Earth: What you see is probably the effects of CO2, 
or carbon dioxide gas, released by machines built by 
Earthlings in order for civilization to progress forward. 
For example, about 40 percent of all that CO2 comes 
from the burning of my coal, mostly to make electrici-
ty. In the next 24 years, Earthlings plan to build enough 
power plants to supply 1,350 gigawatts of power. That 
will release about another 572 billion tons of CO2—
more CO2 than was released by all the coal burned in 
the last 250 years (Goodell, 2006). Achieving economic 
growth means even more CO2 release can be expected. 
For example, the American type of Earthling house 
uses enough electricity to require 73 pounds of coal per 
day and produce 256 pounds of CO2. (Shaw, 2006)

Sun: But I thought your people decided CO2 was det-
rimental to the planet? If the substance powering their 
progress is killing you, their home, and their planet, 
they seem to be going backward, not forward. Besides, 
people already have power. I shine 170,000 terawatts 
on your planet every day. (The prefix tera- means a 1 
with 12 zeros after it)! This is far more than the needs 
of your entire planet, which used about 13 terawatts in 
2005. (de Winter and Swenson, 2006) Why aren’t the 
Earthlings using my power, the power of the sun, to 
make electricity?

Earth: Well, Sun, it’s complicated. The Earthlings are 
actually very bright, if you’ll pardon the pun. They 
understand that emissions are harming me. My climate 
has been stable for more than 11,600 years, about the 
time we think human civilization began. The CO2 in 
my atmosphere has been around 280 parts per million, 
and began to rise with the Industrial Revolution in 

the late 1800s (Shaw, 2006). The Industrial Revolution 
transformed a manual labor-supported economy into a 
machinery-supported economy. Some Earthlings have 
predicted that before 2050, CO2 levels will reach 500 
parts per million again. The last time that happened 
was 55 million to 36 million years ago. North America 
had palm trees and crocodiles lived in the Arctic. Ant-
arctica was a forest and sea level was 328 feet higher 
than today (Shaw, 2006).
 In order to prevent catastrophic climate change, 
Earthlings negotiated the Kyoto Protocol in Kyoto, Ja-
pan, in December 1997. The Kyoto Protocol is an agree-
ment made under the United Nations Framework Con-
vention on Climate Change (UNFCCC). Countries that 
ratify this protocol commit to reduce their emissions of 
carbon dioxide and five other greenhouse gases, or en-
gage in emissions trading if they maintain or increase 
emissions of these gases. As of April 2006, a total of 163 
countries have ratified the agreement. Exceptions in-
clude the United States and Australia. Other countries, 
such as India and China, that have ratified the protocol, 
are not required to reduce carbon emissions under the 
present agreement (wikipedia.com).

Sun: Earth, you are confusing me. Earthlings are pre-
dicting catastrophic climate change if CO2 levels don’t 
drop, and they have agreed to reduce these emissions. 
Yet they are planning to build many more coal-fired 
power plants that will increase CO2 emissions faster 
than before! Again, I say the people already have power. 
Why are they not using my solar power?

Earth: It is unreasonable to expect the Earthlings to 
decrease their economic growth, so they are develop-
ing and testing sophisticated technologies to capture 
the CO2. For example, using a process called integrated 
gasification combined cycle (IGCC), coal can be chemi-
cally reacted to make syngas, which is a mixture of 
hydrogen and carbon monoxide. The syngas is used 
to make electricity and almost all the CO2 can be cap-
tured, and then pumped underground; this is called 

Bringing Solar Power Down to Earth: A Dialogue

CAR MELA AMATO-WIER DA

MATERIALS SCIENCE

COLLEGE OF ENGINEERING AND PHYSICAL SCIENCES
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land-based sequestration. Alternatively, some Earth-
lings think that the CO2 can be transported to tanker 
ships that will deliver it to offshore platforms, where it 
will be injected into the sediments at the bottom of the 
ocean to dissolve. It’s like making seltzer seawater. It is 
estimated that there is enough coastline in the United 
States to hold enough CO2 emissions for thousands of 
years (Shaw, 2006).

Sun: Still confused . . . Okay. First you spent decades 
engineering the technology to make electricity along 
with catastrophic amounts of CO2. Now, you are begin-
ning to engineer expensive and elaborate technologies 
to remove the CO2. Why make the CO2 in the first 
place? I say again, the people have the power. Solar 
power. You can make electricity from sunlight. The 
process is called the photovoltaic effect (photo=light 
and voltaic=electricity). The intelligent Earthlings have 
known about photovolatics for a very long time. Why 
do you keep ignoring my questions about solar power? 
Why do your Earthlings keep ignoring solar power?

Earth: Rest assured, Sun. The solar “revolution” is 
evolving. The intelligent Earthlings began discovering 
and understanding the photovoltaic effect in the 1860s. 
Willoughby Smith discovered that the conductivity of 
selenium could be altered by shining light on it. Charles 
Fritts built the world’s first photovoltaic, or “solar,” cell 
from the same material around 1885. This is only three 
years after Thomas Edison built the first coal-fired 
power plant. It’s also not much later than when the first 
oil well was drilled in Pennsylvania by Edwin Drake in 
1859 (Perlin, 2002).

Sun: 1885 is a long time ago. Why isn’t solar power 
more prevalent today? Your Earth consumed 13 ter-
rawatts of power in 2005. That’s less than one-hun-
dredth of one percent of the 170,000 terrawatts of en-
ergy that I shine on your planet every year. More than 
you need. You have been wasting a lot of “free” energy, 
and you still are.

Earth: This time has been not wasted. The Earthlings 
have been evolving slowly, but steadily, to get to the 
point where they can use your power. For the next 40 
or so years after the first solar cell was built, another 
revolution taught the Earthlings about light energy and 
atoms. This could be called the quantum revolution. 
For example, physicist Albert Einstein helped discover 
that light, including light from you, Sun, is made up of 

packets of energy. These packets are called photons, 
and they come in all sorts of sizes. The amount of ener-
gy in a photon depends on its wavelength—the smaller 
the wavelength, the more energy. 
 This quantum revolution helped us learn how these 
photons interact with the electrons in various materi-
als. Einstein also discovered the photoelectric effect 
that happens when photons of sufficient energy knock 
electrons loose from materials such as selenium. He won 
the Nobel Prize in 1921 for this effort. This contribution 
was especially significant because it was a first step in 
learning how to use materials to make electricity.
 For about another four decades, the semiconductor 
further helped the Earthlings evolve. John Bardeen, 
Walter Brattain, and William Shockley discovered the 
transistor effect and developed the first device in De-
cember 1947, while the three were members of the tech-
nical staff at Bell Laboratories in Murray Hill, NJ. They 
won the Nobel Prize in physics in 1956. 
 During the 1950s, Calvin Fuller, Daryl Chapin, and 
Gerald Pearson, also three scientists at Bell Labora-
tories, invented the first silicon solar cell. The silicon 
transistor is the principal electronic component used 
in all computers, mp3 players, cell phones, and the 
like. Silicon is a semiconductor—a material that al-
lows electrons to flow only moderately well. (Materi-
als such as copper are called conductors because they 
conduct electricity very well). Fuller was a chemist and 
he learned how to introduce very small amounts of 
impurities into the silicon, thus transforming it into a 
good conductor of electricity (Perlin, 2002). This type 
of silicon is called “doped” silicon. There is negatively 
doped silicon (n-type) that has extra electrons. Posi-
tively doped silicon (p-type) has extra positive charges. 
A solar cell is a sandwich of p-type silicon and n-type 
silicon. This is the simplest type of modern electronic 
device based on semiconductors. When this silicon 
material absorbs light, it knocks electrons loose. When 
wire contacts are attached to the silicon device, elec-
tricity flows. 

Sun: Of course. I remember on April 25, 1954, the Bell 
solar battery that was unveiled to the public. A panel of 
solar cells relying solely on my power was used to run 
a toy 21-inch Ferris wheel. An article from the April 
26, 1954 edition of the New York Times stated that the 
solar cell of Chapin, Fuller, and Pearson “may mark 
the beginning of a new era . . .leading to the harnessing 
of the almost limitless energy of the sun for the uses of 
civilization” (Perlin, 2002). That was a long time ago, 
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Earth. Why aren’t the Earthlings using more of my so-
lar power to fuel their economic growth? Obviously, the 
people now really have the power.

Earth: Well, the Earthlings had to evolve even further. 
The age of the space race followed along with the first 
application for solar cells. The first satellite with solar 
cells aboard to help power it went into orbit on St. Pat-
rick’s Day in 1958. By 1972, more than 1,000 American 
and Soviet spacecraft relied on solar power. (Perlin, 
2002) Following this space race came the computer 
revolution which began in the late 1950’s and contin-
ues today. This revolution required people to learn 
how to make the silicon they will eventually need for 
solar cells. As I said before, solar cells are made from 
the same type of silicon used to make the electronic 
components of computers. While computer electronics 
require ever smaller pieces of silicon, solar cells require 
large pieces of silicon. This is because the amount of 
power a solar cell can generate scales with its size. A 
typical solar cell is currently 16 square inches. 

Sun: Hmmm . . . A 16 square-inch square, you say? 
That means I shine about 10 W of energy on each so-
lar cell at sea level when I am shining straight down 
through a dry, clean atmosphere. 

Earth: Yes, that occurs at the Sahara Desert at high 
noon, when you are directly overhead.

Sun: I still shine light even on a cloudy day, just not as 
much. Typical sunlight conditions are probably closer 
to shining 8 W of energy on one of your solar cells. 

Earth: Yes, but solar cells are only 15-20 percent ef-
ficient. That means that only 15-20 percent of the light 
you shine on them is converted into power (Komp, 
2002).

Sun: I would argue that efficiency is irrelevant when it 
comes to solar cells. I emit those photons whether or 
not the Earthlings use them. But, even assuming a 10 
percent solar cell efficiency, which is low, it would only 
require about 85 square miles of solar cells to power the 
entire United States! Conservatively, the initial outlay 
to solar power the U.S. would be approximately $9 
billion dollars a year for the lifetime of the solar cells. 
This cost assumes solar power is $10 per watt. In some 
places, it is as low as $3 per watt (solarpowergeneration.
com).

 This initial cost must be less than the retail costs of 
all fossil fuels, their transportation and manufactur-
ing, costs for drilling, environmental clean-ups, such 
as CO2 abatement, and health costs related to illnesses 
attributed to fossil fuels (solarpowergeneration.com). 
But, since the Earthlings have discovered how to cap-
ture this energy, 15 percent or higher, why not just 
make more of these silicon solar cells? The people have 
the power.
 
Earth: Actually, the Earthlings have been making 
tremendous amounts of silicon solar cells. The solar 
power industry has been growing at more than 30 per-
cent each year for the last six years! In just two years, it 
will use more silicon than semiconductor electronics. 
There is not enough silicon to meet the global demand 
for solar cells. This has caused silicon prices to more 
than double, and has slashed growth for the industry to 
a mere projected 6% in 2006 (Carey, 2006).
 Silicon does not naturally occur in my crust. The ul-
trapure silicon that is needed must be made by chemi-
cally reacting sand. Sand is mostly silicon dioxide 
(SiO2), which is a silicon atom chemically bonded to 
two oxygen atoms. The silicon we are talking about for 
electronic devices and solar cells consists of pure sili-
con atoms.

Sun: I’ll say it again. The people have the power. Your 
crust, Earth, is rich with sand. Not to mention the 
moon and Mars. Why not make more silicon?

Earth: The Earthlings have begun to make more 
silicon. Michigan-based Hemlock Semiconductor 
Corporation began a $400 million expansion that will 
increase silicon production by 50 percent. A Munich, 
Germany-based company also has started construction 
on a silicon plant in January 2006. Government subsi-
dies and incentives are helping to afford this increased 
silicon production in such a short time (Carey, 2006).

Sun: All this will help lower the costs of solar power, a 
new and modern goal. After all, oil and coal are only 
seemingly less expensive because they have decades of 
subsidies behind them. This should now become his-
tory. Oil gushers yielded profit over 100 years ago. Now 
it is time for solar (as well as wind, geothermal, and hy-
droelectric) to provide the better return on investment. 
The solar revolution also brings a whole new set of jobs 
for people. This is wonderful! Why not subsidize even 
more? Even faster? The people have the power.
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Earth: There is enormous and growing activity all over 
my planet related to policies designed to make solar 
power more affordable. For example, a federal tax cred-
it was initiated in the United States on January 1, 2006 
for 30 percent of the cost of solar systems up to $2000. 
Many states have similar programs, such as the state of 
New Mexico, which has introduced a 30 percent solar 
tax credit up to $9000. The New Jersey Board of Public 
Utilities has developed one of the most progressive so-
lar programs in the United States. It is a combination 
of rebates, low interest loans, and net metering (the 
utility will buy back extra solar energy that you gener-
ate). China has set a goal of providing 10 percent of its 
electricity using renewable sources (sun, wind) by 2020. 
But we still also subsidize the fossil-fuel industries, 
such as coal-fired power plants.

Sun: Now I am getting confused again. Your Earthlings 
are still trying to lower the cost of making CO2 emis-
sions? 

Earth: It would be unreasonable to expect them to 
outright stop making electricity the old fashioned way. 
They still need power for economic growth.

Sun: But, they have the power of the sun. The sun can 
power their homes, schools, and places of work.

Earth: Many Earthlings use the sun to power their 
homes. It’s not much more difficult than slapping some 
solar cells on a roof. Ideally, home solar systems should 
be able to track the sun. Batteries are needed to provide 
power when you are not shining. Otherwise, a home 
can still be connected to the local utility grid; but they 
only rely on it part of the time. Home solar systems also 
need an inverter; this converts the direct current (DC) 
from the solar cell to the alternating current (AC) that 
appliances need. 
 In many parts of the world, if you make more elec-
tricity than you need, you can sell it back to the local 
power company! Another wonderful thing about solar 
cells is that they last about 30 years. It is also predicted 
that homes with solar power systems will have increas-
ing resale values. In fact, installing a home solar power 
system may become a significant remodeling invest-
ment in the future. In some Japanese neighborhoods, 
it is difficult to find a home without solar panels on the 
rooftop.
 We have also begun to teach our children about solar 
energy. The fifth, eight, and tenth graders at Crested 

Butte Community School in Colorado helped install 
their own solar array at their school, which provides 
1 percent of their power. Nappa Valley College uses a 
solar power system to supply 40 percent of the campus’ 
electrical needs.
 The Nevada Solar One project broke ground on Feb-
ruary 11, 2006. This is a 300-acre facility that will use 
solar heated water to generate 64 megawatts of electric-
ity; it is the third largest solar project in the world. The 
world’s largest solar photovoltaic power plant is being 
built in Serpa, Portugal and will provide 11 megawatts 
of power (DeVico, 2006).

Sun: Can your Earthlings do something besides roof-
mounted solar panels? They must have the power.

Earth: Oh yes. Solar architecture can be beautiful. Pho-
tovoltaic panels can be used as a reason to makeover 
many architecturally unappealing buildings. Numer-
ous stylish structures designed to support solar cells 
can be imagined. In fact, solar cells are being incorpo-
rated into some building façade materials. 

Sun: Well, it seems like the Earthlings know how to 
harness the sun to power their places of dwelling. Have 
they learned how to use the sun for transportation?

Earth: Of course. They are developing solar powered 
cars and planes. Big automobile manufacturers see 
opportunity in vehicle integrated photovoltaic appli-
cations (VIPV). This means that solar cells are built 
directly into the vehicle; you don’t have to plug into a 
solar powered charging station. The solar panels may 
be integrated into the body panels of the vehicles in 
the future. Ford Motor Company introduced the Re-
flex—a combined diesel and electric concept car with 
VIPV—at the 2006 North American International Auto 
Show. Mazda also has developed a hybrid electric car 
with a rooftop photovoltaic system (Letendre, Perez, 
and Herig, 2006).
 University students have helped contribute to the ad-
vances in solar vehicles by participating in the Ameri-
can Solar Challenge. This is a 2000-mile race for teams 
all around the world using vehicles powered only by the 
sun. 
 Solar powered flight may become reality some day. 
Glider pilot champion Eric Raymond has designed a 
plane with solar cells incorporated into the wings. He 
plans to fly his plane from California to Texas in the 
summer of 2006. 
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Sun: It is apparent that the Earthlings are in the process 
of seizing the opportunities afforded by the sun, and 
that fossil fuels will become an antiquated technology. 
The sun is stable and secure. Solar energy is distributed 
globally. Solar technologies can be shared and thereby 
bring power and knowledge to the entire world. Solar 
energy is “wireless”—it can power the most remote 
locations. Solar energy will bring more affluence to the 
whole world: the sun is free. Solar power is pollution 
free; this promises a healthier environment and popu-
lation. I see that Earthlings are steadily evolving toward 
using the sun as a main source of power. 
 We’ve talked enough, Earth. Now, I am going to go 
listen to some music.

Earth: What kind of music?

Sun: A Beatles’s song called, “Here Comes the Sun.” It 
goes like this:

 “Here comes the sun.
 Here comes the sun. 
 And I say, ‘It’s all right’.”
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Those who lived through the energy crisis of the 
1970s, both here in Durham and across the nation, 

recall the intense discussion and debate on energy is-
sues, with the oil embargoes, gasoline shortages, and 
skyrocketing prices that characterized that period. The 
past year has felt like déjà vu, as we return to this subject 
in the new context of the 21st century.
 Serious awareness of energy conservation and alter-
native energy forms have been missing from the Ameri-
can and UNH psyche, and from public discourse, since 
the early 1980s. Both appear to be returning, with the 
added debate over “peak oil,” i.e., what happens after 
global oil production peaks, and a much-broadened 
understanding of oil geopolitics around the world. War 
in and over the future of Iraq, the world’s second most 
important oil nation and neighbor to the single most 
important oil producer, Saudi Arabia, is a centerpiece 
in the geopolitical scene. But so are Russian control of 
vast natural gas reserves and willingness to use those 
reserves for political ends. 
 Chinese trade arrangements with Iran and other 
fossil fuel-bearing nations, and political uncertainty in 
Nigeria, Bolivia, Venezuela, Angola, Sudan, and numer-
ous other source nations for oil and/or natural gas, also 
figure in oil geopolitics. Closer to home, the oil refinery 
shortage, unwillingness by the oil industry to invest in 
increased refinery capacity (perhaps sensing the futility 
of such investment), and hurricane threats in the Gulf of 
Mexico lead to ask an important question.
 What is going on?
 Following his meetings with President Bush at the 
White House, President Hu of China went to Morocco, 
an important supplier of natural gas to Europe and the 
United States. And from there? From there, he visited 
Nigeria, Kenya, Saudi Arabia—all part of the Kingdom 
of Oil. Who’s likely to get that oil, China or the United 
States? We may suspect that China will get it, along with 
Iranian, Indonesian, and South American oil. And with 

U.S. dollars that we provide to China in return for a host 
of cheap consumer product.
 China’s demand for both oil and natural gas at this 
time is virtually boundless, evoking visions of George 
Clooney’s movie Syriana, another chapter in the geo-
politics of oil and gas. I knew from Clooney’s fictitious 
character that the Chinese had mastered Arabic and 
were negotiating in the Arabic language out of deference 
to their Middle Eastern hosts. This contrasted with the 
American negotiation that takes place mostly in Eng-
lish. The Chinese, working from a position of respect 
and humility, may enjoy greater success with their “car-
rot” approach than the American “big stick” approach 
grounded in arrogance and the implied threat of mili-
tary superiority. Our arrogance and our unilateralism, 
our refusal to understand other cultures, may cost us 
dearly, as most certainly will our refusal to seek energy 
independence.
 Last May 21 a Boston Sunday Globe editorial de-
scribed a group of which few Americans are aware: 
the Shanghai Cooperation Organization. Membership 
includes China, Iran, Russia, and several Central Asian 
republics. All except China are energy exporters. Now 
organizing to contain the United States, these nations 
control much of the world’s remaining oil and natural 
gas reserves and access to these strategic resources. In-
dia, Pakistan, and Mongolia expect to join the group. 
Together with China-Iran bilateral oil agreements, 
China-Africa oil deals, and China-South America trade 
deals, we see more and more major oil and gas export-
ers reaching agreement with energy-consuming major 
trading partners. 
 The United States is the odd nation out, and will be 
squeezed dry if it doesn’t learn to seriously curb its ap-
petite for oil.
 In spite of it all, we remain determined to feed our 
prodigious energy appetite, even to the point of laying 
plans to explore and drill in the Arctic Ocean (with 
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the Arctic sea ice opening up due to climate warming), 
thereby accelerating the process of climate change that 
our dependence on fossil fuels produced in the first 
place. 
 Neither the threat of global warming, the reality of 
war, or the diplomatic cost in our relations with other 
nations have shaken our oil habit or determination 
to protect the status quo at all costs. Our magnificent 
obsession (with oil and cheap energy) has become obso-
lete, but we are not yet awakening to the reality.
 There are two important ideas about energy and its 
use in our society with which the reader needs to be fa-
miliar:

1. Oil packs an energy punch like no other. The 
amount of easily usable energy available in any unit 
of oil, whether a gallon of gas or a barrel of oil, is 
exceptional—some would say almost miraculous. 
There is no readily available equivalent amount of 
energy available to us in other forms. Oil’s liquid 
form makes it both uniquely accessible and avail-
able to us for many energy uses. (This is in addition 
to oil’s value for non-energy uses, as a lubricant, 
medicinal, or product component such as plastic.) 
No other form of energy is truly equivalent, in a 
practical sense; other energy alternatives (coal, 
nuclear, hydro, solar, wind, etc.) are not easily sub-
stituted for oil. This means that, in practice, we face 
an energy gap that can only be made up by a change 
in society’s values, habits, and basic way of life. Long 
gone are the days of less than $10 per barrel oil.

2. Our physical infrastructure, i.e., roads, automobile-
dependent transportation system, diffuse retail 
business districts, suburban housing, pervasive 
“sprawl,” aviation, national and international sys-
tem of food supply, and agricultural practices since 
World War II, depended upon much cheaper oil 
prices than we now have. Forecasts call for higher 
prices, so our problem is not that we are running 
out of oil, but that we are running out of cheap oil. 
The distinction is important.

When we think of the rising price of oil, what generally 
enters our mind is the price of gasoline at the pump. 
Secondarily, we think of the cost of home heating. We 
may or may not think of the oil (or natural gas) com-
ponent in electricity. How few of us realize that it is our 
agriculture, our food supply, that is the first victim of 
oil price rises. Our American food is 98 percent “com-

posed” of oil and natural gas, and only two percent of 
every other form of energy combined. This includes 
everything from preparing soil, to planting, nurturing 
and harvesting crops, raising animals, and delivering a 
processed food product to our dinner plate. 
 Every molecule of food we consume travels an aver-
age of 1,700 miles from its point of origin to our dinner 
table. Nearly 80 percent of this transport is by truck, 
nearly 20 percent by rail, and a small percentage by sea 
and air. All depend fully on cheap oil for transport. And 
agricultural fertilizer is fully dependent on natural gas 
for its manufacture. Thus, the future of food is tied di-
rectly to the future of oil and natural gas. 
 One might ask, “When does the rising price of oil and 
natural gas lead to higher food costs?” It already has, 
in the form of reduction in quantity for the same price. 
And, as stocks of older food produced at yesterday’s oil 
prices are used up, the market becomes more domi-
nated by food at today’s higher oil prices.
 It is said that suburbia, called the greatest misal-
location of resources in the history of humanity, has 
no future. The same is said of supermarkets, which are 
dependent on long distance transport of most of their 
product. Some argue that the only possible future in a 
world devoid of cheap energy is localization—or “relo-
calization,” a compact state and way of life our forebears 
knew well.
 Geopolitics, uncertainty of supply and price of both 
oil and natural gas, and climate change from fossil 
fuel burning, all speak to the need for serious energy 
conservation. Technological fixes are not enough. A 
much more politically challenging change in lifestyle, 
housing patterns, transportation, agriculture, and na-
tional lifestyle is required. Our values will, of necessity, 
change, no matter how difficult that may be, or we will 
not survive. Living within these new realities will make 
for the greatest challenge we Americans have faced in 
our 230-year history. We’ll soon know if we’re up to that 
challenge.
 Will the nation’s (and your parents’) “magnificent 
obsession” with cheap oil become your “obsolete 
obsession”?
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Change is in the air and we don’t have to go much 
further than the next gas station to get a whiff of 

it. Gas prices at the pump continue to climb. Every 
winter, heating oil and gas seem to become less afford-
able—reminders that our society can no longer rely on 
cheap oil to fuel its economy. We have two choices: let 
things happen and be pawns of the “system” we cre-
ated, or make a conscious effort to embrace change as 
an opportunity to make necessary adjustments to the 
way we conduct our lives. 
 The attention paid to oil and natural gas prices is 
a good indication of the importance these hydrocar-
bons have in our society. We have built our society’s 
infrastructure around the ready and cheap availability 
of fossil fuels. Nowhere is this quite as obvious as in 
our transportation infrastructure. We have allowed 
ourselves to become extremely dependent on cars, 
without which life in most communities would seem 
impossible. In order to get to the grocery store we need 
to drive, in order to go to work we need motorization. 
As a matter of fact, we have designed and re-designed 
entire communities to facilitate easy access by car. 
 In order to continue our car dependent lifestyle we 
would need to find an alternative source of energy to 
replace the ever more rare petroleum that has fired our 
engines. The chance for such finding such a source is, 
however, rather slim. It may not be in our best interest 
to do so, anyhow. 
 Why? Because our car dependent society has prob-
lems that go beyond those generated by the reliance on 
oil. 
 We may want to consider the need for change as an 
opportunity to reconsider how well our transporta-
tion serves society. In doing so, we may find that rather 
than simply refueling we’d like to retool it to better 
serve the changing needs of our society. 
 Consider the following:

We live in an aging society. New England especially 
is expected to experience a sharp increase in its 
population of older citizens. Aging is often accom-

panied by the gradual loss of the ability to drive. 
As we age, our incomes tend to decrease, so that 
even if we can still drive it may become less and 
less affordable to do so. We must adjust our trans-
portation system to reflect this reality. 

Road congestion is increasing. We have become quite 
used to morning traffic reports of our congested 
roadways. Car dependent development has led to 
increasingly long commutes from home to work. 
At the same time, our departments of transporta-
tion struggle to keep up with existing road main-
tenance, while being asked to build new roads to 
accommodate the thickening flow of traffic. 

Cars do not work for everyone. Remember the time be-
fore you got your license, the time before you had 
your own car? How did you get to games? How did 
you get to the movies? Someone had to give you 
a ride, and a lot of time went just into organizing 
that ride. This is the situation many people with 
disabilities face, who, for one reason or another, 
cannot get a driver’s license. We all want our inde-
pendence to go where we want when we want. 

 All of this points to weaknesses in our current 
transportation system. We have to face the challenge of 
replacing oil as our main source of energy, but also of 
redesigning our current unimodal transportation sys-
tem into a diversified mobility infrastructure to better 
serve society. Our transportation system needs to be 
jazzed up. We need to introduce some competition and 
flexibility into the mix.
 Financial advisers tell us to diversify our invest-
ments to reduce vulnerability. The loss of one invest-
ment has a much-lessened impact if it makes up only a 
small portion of our overall portfolio. We are not only 
advised to diversify the type of investments we make 
but also to diversify across investment management 
companies. The nature of this advice is quite obvious: 
“Don’t put all your eggs in one basket.” 
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 The American value of individuality implicitly ac-
knowledges the importance of diversity. For what else 
is individualism but an acceptance of the fact that we 
are each different and unique? While individual needs 
and beliefs can produce friction between people, this 
friction may also spark innovation and advancement. 
An absence of innovation leads to stagnation and ob-
solescence. We might consider diversity a necessary 
characteristic of a healthy and secure system. 
 In order to have a healthy and secure transporta-
tion system we must ensure that it reflects the diverse 
access needs of its users through multiple modes of 
mobility. A diversified mobility infrastructure requires 
a commitment to change and innovation. It also offers 
the opportunity for technological innovation and con-
tinued economic and social prosperity.
 Cars offer many benefits and will continue to be an 
important element of future mobility. We, as drivers, 
can determine when we leave and where we want to go. 
An obvious element missing in our mobility mix is ad-
equate public transportation. Public, or “community” 
transportation systems are those that do not require the 
ability to drive, and are designed to move larger groups 
of people efficiently and effectively. We already have 

some community transportation available in Senior 
Transit and other human service transportation alterna-
tives. However, availability is very limited—so limited, 
in fact, that its continued availability is in question. 
 Efforts are currently under way to better coordinate 
existing services that make the best use of resources 
and increase access. This is a necessary step and may 
become the first on a road to the development of a true 
alternative to car travel. Community transportation 
can only be a real alternative when it is convenient 
enough. Convenience is determined by frequency 
which is predicated on community support. Commu-
nity support for a healthy and secure transportation 
system goes well beyond funding to include an under-
standing that we are better served as a society over the 
long term if all of us can participate and contribute. 
For it is a commitment to the participation of all that 
ensures the necessary diversity required for a healthy 
and secure system.
 It is much cooler to live in a society that is innova-
tive and smart than in one that is afraid of change. Let 
us make sure that our transportation system reflects 
our collective ingenuity and passion to be the best we 
can be, so that we can all get there from here.
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Introduction to U.S. Energy
In his State of the Union address in January 2006, Presi-
dent Bush announced that the United States has become 
addicted to oil. Crude oil prices have shown an alarm-
ing increase over the past two years. At the same time, 
world consumption rose by 3.8 million barrels per day.
 The Energy Information Administration (EIA) pub-
lishes the official energy statistics from the United States 
Government. The following table details the increase in 
energy prices and demand between 1993 and those pro-
jected for 2007.
 Since electric companies use a varied mixture of 
crude oil to generate electricity, the cost of electricity 
parallels the increases in oil. The EIA further predicts 
that the demand for electricity will increase by 45 per-
cent in 2030 (EIA, 2006).
 It is evident that the new millennium consumes more 
and pays a higher premium for energy. Economists 
suggest that the global demand for energy is a result of 
the expansion of China and India, the war in Iraq, the 
hurricanes in the Gulf Coast, and the proliferation of 
powerful computers (Patton, 2006). Since such factors 
are all outside of our immediate control, this paper will 

Real Gross Domestic Product 
(GDP) (billion chained 2000 
dollars)

Imported Crude Oil Price  
($ per barrel)

Total Energy Demand  
(quadrillion Btu) 

Electricity Costs 
(cents per kilowatthour)

Total Electrical Demand

Source www.eia.doe.gov

TABLE 1  Annual U.S. Energy Supply and Demand: Base Case

(Energy Information Administration\Short-Term Energy Outlook)

 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 

 7533  7835  8032  8329  8704  9067  9470  9817  9891  10049  10321  10756  11135  11514  11804 

 16.13  15.53  17.14  20.62  18.49  12.07  17.26  27.72  22.00  23.71  27.73  35.99  48.96  60.51  60.41  

 87.6 89.3 91.3 94.3 94.8 95.2 96.8 99.0 96.5 97.9 98.3 99.7 99.4 99.8 102.3 

 8.32 8.38 8.40 8.36 8.43 8.26 8.17 8.24 8.63 8.46 8.70 8.97 9.42 9.76 9.97 

 2989 3068 3157 3247 3294 3425 3494 3602 3554 3642 3668 3727 3827 3859 3951 

focus on managing the impact of computer technology 
on the nation’s power consumption.

Business Computing
Livermore National Laboratory houses one of the 
world’s most advanced super computers. The system is 
designed to simulate a nuclear reaction. The project was 
named ASC Purple and was completed in September 
2005. Within minutes of turning the new system on, 
laboratory workers received a call from Pacific Gas and 
Electric Company asking to be notified next time ASC 
Purple was turned on or off. This is an example of how 
super computing requires super energy (Patton, 2006).
 Academic institutions and scientific testing are not 
the real energy culprits. Experts estimate that 3–8 per-
cent of the nation’s electricity is absorbed by data cen-
ters (Iwata, 2001). Data centers house computer equip-
ment for one or more business entities. Because most 
equipment requires special care, controlled climate, and 
large amounts of space, businesses have found it more 
economical to consolidate all office equipment into one 
location, usually off-site. 
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 A “server” is a high-end computer capable of manag-
ing multiple processes simultaneously. Today’s servers 
are mainly used for business applications, can process 
and store enormous amounts of data, and are much 
more powerful than a personal computer. Blade servers 
are the most recent trend in the server market. They are 
more efficient, compact and flexible. In addition, they 
offer rewards in reduced floor space, lower power con-
sumption, and easier maintenance. Market researcher 
IDC predicts that 2.2 million Blade servers will ship 
worldwide by 2007, representing 27 percent of all new 
servers sold (Edwards, 2004).
 Data centers can house thousands of servers. For ex-
ample, Yahoo maintains 200,000 servers in 27 data cen-
ters nationwide. Data centers consume large quantities 
of energy. The utility costs for a 100,000 square-foot data 
center has been reported to be as high as $5.9 million an-
nually. In 2005, businesses paid $3.3 billion for electric-
ity. This amount was an average of 20 to 40 percent more 
than previous years. Dunn (2006) estimates that the 
number of servers supporting American businesses will 
jump 50 percent over the next four years. Forecasts also 
show that an additional 12 million square feet of data 
center space will be needed by 2009 (Patton, 2006). 
 Computer equipment generates heat. At the same 
time, computer equipment is sensitive to heat. Studies 
have shown the failure rate of a processor doubles with 
every increase in temperature of 10 degrees Celsius (An-
thes, 2005). Keeping data centers cool is an expensive 
and challenging proposition. Equipment in data centers 
is usually densely populated. Space that is leased for $20 
per foot can often cost $60 per foot to keep cool. When 
looking to find a new location for data centers, decision 
makers are more concerned with price-per-watt than 
price-per-foot (Dunn, 2006). 
 Researchers are working on clever solutions to cool-
ing servers. Although newer technologies, such as Blade 
servers, may require less energy to operate and less 
physical space than traditional servers, they still have 
not overcome the issue of generating heat. One popular 
solution is Egenera and Liebert’s Cool Frame system 
that mounts on top of a Blade server. 
 The ASC Purple super computer uses a spray cooling 
system that vaporizes and condenses heat away from the 
hardware. Liquid cooling systems are also being deployed 
in many data centers. This method uses chilled water to 
cool air and is more efficient than air conditioning. 
 In addition to these solutions, data center manag-
ers also are using detection systems to maintain and 

monitor the facilities. The system detects “hot-zones” 
and focuses cooling on those areas. Therefore, instead 
of cooling a 100,000 square-foot region, cooling can be 
targeted to specific areas. Air conditioning systems offer 
“economizer mode” that reduces the power consump-
tion when cooling is not required.

Personal Computing
In 1965, Gordon Moore predicted that the number of 
transistors on an integrated circuit would double every 
18 months. Moore made this statement with no factual 
data to support his claim. He went on to found the Intel 
Corporation in 1969. Intel’s first microprocessor, the 
4004 microcomputer, was released at the end of 1971. 
The chip was smaller than a thumbnail, contained 2,300 
transistors, and could execute 60,000 operations in a 
second. Since 1969, the number of chips has virtually 
double annually, supporting Moore’s now legendary law 
(Roberts, 2000). 
 Intel plans to release a new chip in 2007 that will 
house one billion transistors. The SRAM chip will be 
unique in many ways. It is a functional static random 
access memory (SRAM) chip using 45-nanometer 
process technology. The SRAM chip was designed to 
require less power and be more energy efficient than 
previous chips. Manufactures have always built chips to 
meet consumer and business demand for machines that 
deliver high performance in small packages at competi-
tive prices. The market demand is now changing with 
the increase in the cost of energy. Instead of processing 
speeds, consumers are now looking at a new metric, 
performance-per-watt. 
 The Environmental Protection Agency has launched 
a voluntary EnergyStar program that encourages manu-
facturers to develop energy efficient computers. Com-
puter equipment that demonstrates power efficiencies 
will be affixed with the EnergyStar label. Environmen-
tally conscious consumers have learned to recognize 
this label on household appliances and will purchase 
computer equipment with the EnergyStar label. In ad-
dition to higher performance per watt, computer equip-
ment that meets EnergyStar criteria also has power 
management settings that will allow them to automati-
cally power down to a low-powered state during idle 
times (Roberson et al., 2002). 
  There are many other advancements and strategies 
to reduce the amount of power consumed by computer 
equipment that are currently being evaluated and de-
ployed. Several are discussed below.
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Chip-Level Power Management
Most office equipment remains in an idle state during 
the average day. It is estimated that the average micro-
processor load for office environment is approximately 
8 percent (Roth et al., 2004). While idle, most machines 
are still drawing power. Many power management (PM) 
systems allow administrators to manually adjust the 
power consumption during idle periods. One new solu-
tion is to have the internal computer chips have the abil-
ity to adjust power consumption automatically to the 
level required by the current application. For example, 
applications such as word processing and Internet 
browsing require less computational demand on the mi-
croprocessor than regression analysis or video games. 
If less demand on the microprocessor could lead to less 
power consumption, energy would be saved. Nationally, 
chip-level power management reduces annual energy 
consumption by 14 percent (Roth et al., 2004). 

E-paper: Electronic Reusable Paper 
E-paper is an emerging product that will display text 
and images on a flexible, thin medium. It will be capable 
of storing a virtually unlimited number of simultane-
ous documents. Displays will be static and will require 
no power to maintain the image. Power will only be 
required to retrieve or refresh documents. Although e-
paper will not completely remove consumers’ need for 
paper, it has the potential to significantly reduce print-
ing requirements.

Inkjet Printers 
Inkjet printers consume significantly less energy be-
cause they do not require as much heat to produce cop-
ies as laser printers or copy machines. Because of low 
image quality and slow printing speeds, inkjet printers 
have had limited success in business applications. Re-
cently, inkjet printers targeted for small- to medium-
sized business applications have entered the market. On 
a nationwide basis, inkjet technology could reduce aver-
age energy consumption for imaging by more that 40 
percent (Roth et al., 2004). Continuous improvements 
in printing page throughput and image quality will al-
low business to adopt inkjet printers without sacrificing 
quality.

Remote Power Management 
There are a wide variety of power management (PM) 
systems for office equipment. However, a large percent-
age of commercial offices do not have PM features en-
abled. Recently, network products have been introduced 
that allow the network administrator to enable and 
manage PM settings remotely for all PCs on a network. 
By remotely setting system parameters, the network 
administrator can set PCs within a network to enter a 
low-power (auto sleep) mode when inactive for a period 
of time, or shut down (auto off) if machines are left on 
over the weekend.

Conclusion
It is clear that managing energy consumption is a 
national and worldwide concern. The solution will re-
quire business and consumers to take part in efforts to 
conserve energy. Technology is a growing part of our 
daily lives and paramount to our continued success as 
a nation. It is also represents a growing drain on our 
finite resources. Technologists are actively researching 
and introducing new products that will help offset the 
energy consumption from computer equipment. As en-
ergy prices continue to grow, individuals and business 
decision makers will trade energy efficient solutions for 
processing speeds. 
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If I may borrow and reword the well-known book title 
of author James Agee, “Let us now praise famous en-

ergy.” There is the energy of the stars, the celestial gases 
a million light years away; the super nova we may one 
day see; the threatening black hole; the ancient atoms 
now split to create new earthly elements with unheard 
of potency. 
 But, there is another kind of energy equally as impor-
tant as those related to unlocking the secrets of matter: 
the energy of the human spirit, heart, mind, and soul. 
There is the energy of personal decisiveness and per-
severance, political upheaval, social unrest, and great 
social achievement. 
 This essay concerns people who immigrated to our 
country during the years 1895–1930, and whose energy 
helped forge our modern America. In what follows, I shall 
briefly discuss what I feel to be important connections be-
tween my subject and our broader topic of energy. I hope 
this will be a springboard for further discussion.
 Long before our break from England and found-
ing as a nation, our destiny has been closely tied to the 
presence, practice, and policies of immigration. Since 
1500, explorers and then settlers have come to America 
from many countries to ultimately shape our present 
society—with its promise, conflict, and complexity. The 
historical sweep of immigration since the founding of 
our country can be divided into four main periods.1 
 While the main focus here is to connect the immigra-
tion issue to our discussion of Energy, some historical 
perspective will be helpful in doing so. 
 During the first period, 1840–1890, the U.S. was a 
relatively new country with tremendous space and need 
for labor. Opportunity seemed boundless and restric-
tions unnecessary with the arrival of nearly 15 million 
people, primarily from Europe, Canada, and, signifi-
cantly, China. From 1891–1930, immigration increased 
to the point where 14 percent of the population was 
immigrant stock. Factoring in children, that number 
equaled nearly a full third of our population by 1900. 
In the period from 1930–1960, the rate of immigration 
slowed significantly. There was, however, a great deal of 

internal movement of our population. 
 From 1960–2000, our fourth major immigration pe-
riod, immigration has ran counter to the earlier melting 
pot ideal of assimilation, as many immigrant groups 
have sought to retain their sense of individual culture 
and traditions, rather than abandon them as a cost for 
assimilation into American society. This cultural bal-
ancing act certainly continues to this day. 
 Overall, our concern with 21st Century energy issues 
involves finding solutions for recognized problems. As 
a parallel to the search for those solutions, it is impor-
tant that we recognize those solutions will come from 
many different places and people. Just as our challenges 
are now global in scope, so our dialogue must become 
global in scope. In this sense, how we view immigration, 
both present and historical, has something to teach us 
about how we pursue these solutions. 
 Composer Alan Smith has written the musical piece 
Vignettes: Ellis Island, consisting of some thirty short 
oral histories of people who emigrated from Europe 
to America from 1895 to 1930. During what we might 
broadly term The Golden Age of Immigration, Ellis 
Island functioned as one of the major ports of entry for 
immigrants into the United States. I have intentionally 
put the word “functioned” in italics. Anyone who reads 
a major newspaper these days, or watches cable news 
networks, especially programs such as Lou Dobbs’ pro-
gram Broken Borders, knows how controversial the issue 
of immigration is in today’s political arena. Congress, 
both House and Senate, are immersed in the issue and 
far apart in their views as to how to proceed. Dobb’s 
program seems opposed to the ideals that once greeted 
immigrants to Ellis Island: “Give me your tired and 
poor, your masses yearning to be free.” 
 Another obvious and highly relevant point of our 
initial framework is to note that Smith wrote his piece 
before 9/11. Smith’s setting of these beautiful stories un-
derscores a key point in our current struggle and valid 
debate over sensible immigration policy, i.e., that great 
courage, talent, and energy have flowed into the U.S. 
because of our nation’s acceptance of immigrants.
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 From 1895-1930, not long after the Industrial Revolu-
tion, energy and resources seemed unencumbered to 
evolve and expand without opposition; immigration 
policy also was initially without a sense of restriction. 
Henry Ford hoped to develop an assembly line to pro-
vide an automobile for every American family. He in-
sisted that his “worker villages” be free from alcohol and 
exhibit family values. His, and the nation’s, were incred-
ible accomplishments. 
 But these accomplishments also paved the way for 
negative, if unanticipated, consequences, such as high-
way fatalities, pollution, spiraling costs, and interna-
tional competition. In June 2006, globalization saw the 
United Auto Workers on the verge of asking its workers 
to make unheard of union concessions. In the 1970s, 
the UAW was over 1,500,000 workers; now it is down to 
roughly 400,000.
 We now live in a new land, a land I call “ Nexus,” a 
reference to the interconnectedness of things natural, 
physical, political, or ideological. Just as Henry Ford’s 
dream seemed uncomplicated at the time, so did the 
urge and promise of immigration. Expansion ruled the 
day, and nobody understood how much immigration 
fueled vigorous expansion in terms of providing re-
sources and talent. 
 In the present time of Nexus, no single urge toward 
development can exist outside of the nexus of concerns 
forming a compulsory part of our consideration. We 
must ask not only what each new service, idea, or plan 
will provide, but how it will fit into a whole. Conse-
quences trump untrammeled growth. 
 We need look only at the present news to see this 
truth demonstrated. For instance, back in the news 
these days is the disastrous Exxon Valdez oil spill of 
1989—seventeen years ago! More money is needed for 
the continuing cleanup. The Chernobyl nuclear disaster 
was in the news because of updated information on can-
cer deaths in the area of the former Soviet Union. 

 Al Gore is again in the news with his movie, An 
Inconvenient Truth, regarding global warming. Top 
industry executives argue whether, in light of China’s 
construction of hundreds of new coal-burning plants 
each month, U.S. coal-fired plants should be equipped 
with the latest scrubbing technology. 
 Is there no component of moral leadership within the 
energy crisis to set examples? 
 My contribution to our dialogue is to stress the 
importance of the human face of energy. The stories 
presented in Alan Smith’s piece are of individuals from 
many countries, and of ages as young as eight years, and 
old enough to die from the stress of immigration aboard 
the ship that would deliver them to America. 
 I hope they remind us to continue our fight against 
social prejudice. The incarceration of over 100,000 
Japanese in 1942, many who were American born citi-
zens, has been called our “worst wartime mistake.” 
The heart-wrenching stories of immigrants to America 
remind us of our common humanity with all peoples 
and places. Our energy solutions must be global and 
founded on global respect. 

1 Oxford Companion to United State History, Oxford University Press, p. 359.
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Imagine for a moment that you are an Indonesian 
farmer living on Java in the year 2050. You farm rice 

the way that your ancestors have for generations. You 
have managed to subsist as a farmer, but hardly luxuri-
ously. You do not own any appliances that require elec-
tricity, because your village (as with a very large portion 
of Indonesia) has not been electrified.
 This means that you do not have a refrigerator and 
you wash your garments by hand in the river. You 
certainly do not have air conditioning in this tropical 
climate, and you do not even have a fan. You do not own 
a vehicle, so if you need to get to the next village you 
must borrow a motorbike. Over the last few years, you 
have noticed that your fields closest to the ocean have 
become increasingly salty and unable to sustain a rice 
crop. Storms have surged farther inland, eroding and 
salinating soil on higher ground. Only the very upper 
portion of your field is arable.
 Now a government official has come to tell you that 
you and your family must evacuate, because rising sea 
levels will completely submerge your farm in the near 
future. (Jakarta, a city of 15 million, is by now being 
flooded with seawater.) You must move to a refugee 
camp until some country—Australia? New Zealand?—
agrees to allow you to immigrate. There is no available 
land for you to farm and nowhere for you to live. You 
have been told that sea levels have risen more than a 
meter because of global warming, and global warming 
has occurred because of something called “greenhouse 
gasses.” Greenhouse gasses, you are told, are produced 
mostly by the burning of fossil fuels to make electricity 
and run automobiles.
 But you use hardly any oil or coal; in fact, your entire 
country uses less than 1 percent of the world’s energy, 
despite having over 300 million people. You do not even 
know anyone who owns his or her own car. Why is this 
happening to you?1

 Like so many others in the developing world, that 
farmer is right to ask how such monumental changes in 
their lives can be caused by the consumer energy choic-
es half a world away. What gave the distant consumer 
the right to do this? Did those who burned all that oil 
and coal know what harm they were causing, and who 
was being harmed? Did they think they were morally 
justified in their actions? Who made the decision, any-
way? Giant corporations? 
 The answer, of course, is us. But, surely ordinary 
Americans would never harm Indonesian farmers and 
other poor people around the world who never harmed 
the United States. Or would we?
 At present, the United States consumes approximate-
ly 25 percent of the energy produced each year world-
wide. Yet we make up only five percent of the world’s 
population.2 Fossil fuels are non-renewable, and Ameri-
cans are exhausting them at a disproportionate rate, 
relative to our make-up of the current number of people 
in the world. This raises a question of economic justice: 
is it fair that Americans consume so much of this finite 
natural resource—a resource that plays such an impor-
tant role in economic growth and development? 
 Fossil fuel consumption to power electrical plants 
is the primary cause of atmospheric carbon dioxide, 
a greenhouse gas that contributes to global climate 
change. Gasoline and diesel consumption are other ma-
jor contributors. If the scientific consensus on climate 
change is correct, rising levels of greenhouse gasses will 
lead to higher sea levels that will primarily affect heavily 
populated coastal areas, such as Indonesia, where mil-
lions of people live near sea level. (The one-foot rise in 
sea level during the past century has already forced the 
evacuation of the island of Tuvalu, and the residents of 
the Maldives anticipate their impending evacuation.)
 If ocean levels rise by projected amounts, millions of 
people around the world will become refugees. (In fact, 

1 Population forecasting is based on estimates from the Energy Information 
Department. http://www.eia.doe.gov/emeu/cabs/indoe.html accessed June 
15, 2006.

2 Donald F. Fournier and Eileen T. Westervelt, “Energy Trends and Their 
Implications for U.S. Army Installations,” U.S. Army Corp of Engineers 
publication, September 2005, 21.
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the Intergovernmental Panel on Climate Change fore-
casts an increase of one meter during the next century.) 
Who will take the dispossessed? New Hampshire? And 
is it fair that our energy consumption imposes costs on 
those who not only do not consume it, but also play no 
role in the formation of our energy policy?
 These moral issues extend beyond the consumption 
of fossil fuel, and beyond the direct use of energy. The 
average resident of a developed country such as the 
United States uses ten times the energy of the average 
resident of a developing country, with all of the accom-
panying pollution.3 Energy consumption is connected 
to the consumption of wood, metals, minerals, and wa-
ter. This in turn affects poorer and less powerful nations 
disproportionately. 
 For example, the demand for wood and minerals 
leads to road development in tropical areas, leading to 
“slash and burn” agriculture and environmental deg-
radation. (Before sea levels rise enough to force evacua-
tions, for example, Javanese farmers will probably aban-
don most of their fields due to severe flooding—caused 
by deforestation—that has made much of the land ex-
tremely difficult to work and nonproductive.) 
 Although the disproportionate consumption of other 
raw materials is also a serious moral problem, our con-
sumption of fossil fuels presents a particularly acute 
one. At least we can at least partially reverse deforesta-
tion, and we can clean up some of the pollution from 
our mineral extraction. We cannot, however, replenish 
nonrenewable fuels such as oil, coal, and natural gas. 
Moreover, it is unclear how we could even begin to re-
mediate global warming and its ancillary effects. The 
damage caused by our consumption appears, in this 
case, permanent and irreversible.

The Moral Questions
We can divide the ethical concerns of energy consump-
tion into two types: concerns of illegitimate harm, and 
concerns of fair procedure. First, who benefits from the 
current distribution and use of fossil fuels, and who is 
harmed? Many people in the developed world believe 
that we are harming ourselves by our oil dependence. 
Pollution, urban sprawl, longer commuting times, traf-
fic deaths, declining public spaces, and an unwise policy 
regarding the Middle East are all said to flow from our 
demand for oil. 

 Still, “first-worlders” appear to benefit from this pol-
icy, at least to the degree that it reflects consumer pref-
erences. Many Americans like to drive, want spacious 
and aggressive-looking SUVs, and we are increasingly 
inclined to live in suburban areas that require more 
and more driving. Americans are flocking to southern 
climates where air-conditioning for most of the year is 
considered a necessity. So, we may not like some of the 
consequences of our choices, but at least they appear to 
be our choices. If we are fully informed of the costs of 
our energy choices, then in what sense are we harming 
ourselves? After all, economists would argue, we are sat-
isfying our informed preferences. 
 At the same time, the hypothetical scenario we be-
gan with illustrates how other people in the developing 
world suffer harm from choices that seem to benefit 
us. In this case, they are not the victims of their own 
choices. They are at the mercy of consumer demand 
thousands of miles away, and clearly those who suf-
fer from global climate change and pollution do not 
ultimately benefit from the choices of oil-gluttonous 
nations. In addition, future generations in both devel-
oped and developing nations will pay a high “cost,” 
both in terms of global climate change and energy de-
pletion. Current energy consumption patterns violate 
the 17th-century philosopher John Locke’s “proviso” 
that whatever natural resources we use, we must leave 
“enough and as good” for others.4 Clearly, our current 
policy of not replacing resources as we consume them 
violates Locke’s proviso. It is hard to deny that the 
“over-consumers” of oil are harming others illegiti-
mately, if not themselves. 
 The second, related moral matter concerns fair 
procedure. Setting aside the costs and harms of oil 
consumption, has energy policy been fair? Indonesians 
might want to have cheap gas, and most would like a 
refrigerator, television, and motorbike for their families. 
This cheap energy is a by-product of oil exploration 
upon which they were not consulted—regardless of 
whether or not it benefits them. Future generations of 
all nations also remain voiceless. They cannot protest 
our exhaustion of resources and concomitant pollution, 
although they will surely pay for it.
 It is tempting to argue that Americans in general, and 
middle-class members of developed nations in particu-
lar, are themselves the victims of a top-down energy 

3 Alan Durning, How Much is Enough? New York: W. W. Norton and Com-
pany, 1992, 51.

4 John Locke, Two Treatise of Government, Cambridge: Cambridge Univer-
sity Press, 1988, 288. (Originally published in 1689.)
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policy. After all, it was the development of an interstate 
highway system that led to the decline of public (espe-
cially train) transportation. Most of us alive today had 
little to do with those decisions. We did not invent high-
ways or plan 20th-century cities around cars. We are 
simply held hostage to them. 
 Much of our energy-use patterns seems to be deter-
mined by forces not under our control or even supervi-
sion. Indeed, the Supreme Court has defended the right 
of Vice-President Dick Cheney to refuse to reveal the 
members of his secret Energy Task Force. (Thus we may 
never know if Halliburton, of which he was once CEO, 
actively participated in those meetings. (Halliburton is 
the single largest contractor to the U.S. Army).5 If we do 
not actually control our own country’s energy policy, 
then how can we be responsible for it?
 Despite these arguments, we cannot pretend we are 
innocent. Americans continue to protest expenditures 
on public transportation and urban infrastructure, 
while happily paying taxes for pothole-free highways. 
Our technology-based demand for electricity continu-
ally outstrips supply. Gas prices surge upward, and yet 
demand is strong. Clearly we have not yet accepted that 
our energy policy runs counter to our own interests. It is 
even clearer that we have not considered the interests of 
those most gravely affected.

5 Linda Greenhouse, “Justices’ Ruling Postpones Resolution of Cheney 
Case,” New York Times, June 25, 2004.
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Energy issues are at the heart of human security con-
cerns. We have always needed food energy and heat 

energy to survive and thrive. However, since the indus-
trial revolution and our discoveries of the great utility of 
fossil fuels (coal, oil, and natural gas), security concerns 
related to human energy demand have expanded dra-
matically with our growing demand for fossil fuels. 
 Let’s be clear: burning fossil fuels drives emissions of 
many damaging and dangerous pollutants, but it also 
improves the human condition in many ways. We heat 
and cool our homes, schools, and workplaces; produce 
enormous quantities of food and freeze and refriger-
ate it (saving millions of lives); shed light on darkness 
(improving our productivity, safety, and quality of life); 
power our cell phones, computers, and websites; trans-
port ourselves and our goods around town and around 
the globe; and entertain ourselves with technologies 
such as iPods, television, and the Internet. To put it 
bluntly: we live in, and benefit greatly from, a fossil fuel 
economy. 
 Despite the fact that environmental damage and hu-
man and labor rights abuses are commonly associated 
with the oil and coal industries,1 most of us do not in-
tend to give up heat, refrigeration, light, travel, and en-
tertainment. Still, our growing demand for energy, need 
to secure access to energy resources, and the accelerat-
ing environmental implications of humans’ increasing 
use of fossil fuels threaten our security from global to 
local levels. 
 So where does this leave us? Let us begin by focusing 
our attention on the contemporary links between en-
ergy and security at four levels of political scale: global, 
national, regional, and local. 

Global
Three challenges loom for citizens and policymakers 
around the globe: First, growing scarcities of important 
fossil fuels in the face of growing global demand; second 
higher and often volatile prices for oil and natural gas; 
finally, the accelerating threat of global climate change 
(global warming) induced by human activity. 
 Just how much oil is left to extract and exploit is the 

subject of much debate.2 What is clear is that the world’s 
major oil producers are struggling to keep pace with 
growing global demand for oil and gas. Furthermore, 
most new sources—i.e., the deep sea, buried in sands 
and shale, and in or near polar regions—will be more 
expensive to extract and use than many current sources. 
 Recently, oil prices have approached historic highs, 
making it harder for poor individuals and countries to 
pay for their energy needs. “Boom and bust” cycles in 
oil prices, sometimes caused by changes in global oil 
supply, and sometimes caused by changes in perception, 
make many investors hesitant to invest in additional 
extraction or refining capacities for fear of losing money 
when, or if, the price drops in the future. 
 One thing that is clear is that coal remains plentiful, 
particularly in North America and China. When mined 
and burned in traditional ways, coal is a cheap energy 
source that induces a host of problems for human health 
and environmental quality. The pollutants from coal-
fired power plants, such as mercury and carbon dioxide 
(CO2), are transported around the globe along with 
the adverse effects of these substances.3 Burning any of 
the fossil fuels releases CO2 and contributes to global 
climate change. Coal, however, is much more carbon 
intensive than the others. This fact, and the many other 
forms of pollution associated with burning coal, limit 
coal’s attractiveness as an energy source. 
 Regarding global climate change, scientists have been 
trying to understand the dynamics of the global climate 
system for generations. Our contemporary understand-
ing of these systems and the growing conviction about 
global warming within domestic and international sci-
entific organizations and communities, builds on cen-
turies of scientific study of oceans, weather, ice ages, and 
other concerns.4

 Still, insecurity and uncertainties abound in our 
debates about global climate change. Some of it stems 
from the host of expected adverse impacts of climate 
change, including increased storm intensity and the 
incidence of drought and famine, sea level rise, species 
extinction, and disease migration. Other threats include 
the economic, health, and social costs of climate chang-
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es. Still more insecurity is generated by fear that some 
policies designed to combat climate change will “wreck 
our economy” or “cost jobs.” 
 Others fear that the usual processes associated with 
international politics and international law are too 
slow and their policy outcomes too weak to deal with 
environmental and humanitarian crises posed by cli-
mate change.5 The rather weak commitments made by 
governments in the 1992 United National Framework 
on Climate Change, and the 1997 Kyoto Protocol agree-
ment, not to mention the powerful opponents to these 
agreements, have done little to allay fears that our politi-
cal leaders and institutions may be unable to respond to 
climate change in time to avert disaster.6

National
National policymakers face the global challenges out-
lined above. They do so in a context of growing national 
dependence on foreign sources of energy and growing 
domestic and international pressure on the U.S. take 
steps to address climate change. 
 Since World War II, American military, security, and 
foreign policies have become ever more concerned with 
securing U.S. access to oil.7 It is no secret that interna-
tional oil politics is bloody business. Nor is it a mystery 
why permanent U.S. military bases are being built 
around the Persian Gulf and across Central Asia. The oil 
must flow. 
 U.S. national economic and military security are 
put at increasing risk by the growing dependence on oil 
supplies from increasingly-concentrated Persian Gulf 
states, such as Saudi Arabia, Iraq, Iran, Kuwait, and 
the United Arab Emirates, as well as a small number of 
other countries, including Russia, Venezuela, China, 
Libya and Nigeria. Supplier nations include many with 
scant democracy or human rights. It also includes those 
prone to political instability or corruption due, in part, 
to meddling by oil-thirsty nations like ours. 
 Energy and climate change policy at the Federal level 
has not been encouraging. National policy has failed to 
offer plans or significant incentives to reduce U.S. fossil 
fuel demand and dependence and to address increasing 
greenhouse gas (GHG) emissions. Drilling in national 
parks, national wildlife refuges, and untapped areas of 
our coastline would have only a very modest effect on 
supplies. There is simply not enough oil under U.S. ter-
ritory to alter the country’s energy dependence. Only re-
ductions in energy demand, and increases in the supply 
of, non-fossil fuel energy can do that.
 On climate change policy, President Bush and most 
of the Congress remain openly hostile to any regula-

tions aimed at reducing emissions of CO2 and other 
greenhouse gases. Many of the nation’s friends and al-
lies grow angrier that the most powerful and wealthy 
country on earth complains that the Kyoto Protocol is 
unfair to America and refuses to take any national ac-
tion to reduce CO2 emissions.  
 Of course, the U.S. is far from alone in its “energy 
insecurity.” Many citizens of oil-rich countries live in 
poverty, and the fear and degradation it engenders, even 
as oil prices hit new highs.8 Many oil-exporting govern-
ments use repression and violence to rule their popula-
tions, quell domestic opposition, and keep the oil flow-
ing. In poorer countries without fossil fuels to exploit, 
volatile or rising oil prices threaten the economic and 
physical security of millions.

Regional
While maintaining an adequate supply of energy re-
mains a concern in New England and the greater North-
east, the region boasts some of North America’s most 
ambitious and innovative climate change policies. Many 
of the region’s leaders (governors, state legislatures, 
mayors and other state and local public officials) from 
both major political parties are attempting to imple-
ment climate change action plans, energy efficiency pro-
grams, and reduced CO2 emissions.9 These programs 
have rather modest goals, but they at least attempt to 
begin to address the interconnected energy and climate 
change challenges we face.

Local
At the local level, national and global security con-
cerns are connected to the ways we live, the things we 
buy, and the policy choices we make. Energy security 
and climate change are not distant, grandiose prob-
lems. They are immediate and real, impacting the 
prices we pay at the pump, in our utility bills, and in 
university fees. These issues are changing the envi-
ronments in which we live. 
 We can respond to energy and climate change in-
securities at the local level, as well. For example, UNH 
is a recognized leader in energy efficiency and cleaner 
transportation technologies. It is also well known for its 
campus action to reduce CO2 emissions and encourage 
greater sustainability. Other universities seek to emulate 
UNH’s successes. Also, many cities and towns in the 
Northeast have signed up for the International Counsel 
for Local Environmental Initiatives’ (ICLEI) “Cities for 
Climate Protection” program.10 Some are exploring, or 
already investing in, wind power and other renewable 
energy technologies.
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 At each level (global, national, regional and local), 
citizens and public officials face a host of choices about 
the kind of world, country, and communities in which 
we want to live. We set individual and societal priori-
ties. These many choices, while not easy, illustrate the 
central importance of energy concerns to our personal 
sense of security and to the security our local, regional, 
national, and global communities. 
 We cannot be “safe” from these insecurities in 
Durham or Boston or anywhere if energy and climate 
change challenges are ignored at global, national, or 
regional levels. However, these issues cannot be ad-
dressed at higher levels of political authority if we do not 
become informed and act locally and individually.
 At the end of the day, we all experience insecurity. 
We feel it as we read the news, or watch the price tick 
up as we pump our gas. We feel it when we think of our 
friends and family members in the military or worry 
about getting or keeping a job or how to pay the bills. 
We feel it when we think about the many ramifications 
of accelerating climate change. Feeling threatened or 
insecure can be induced by what we read, view, or hear. 
Yet, how we respond to insecurity is up to each of us. 
We control the choices we make as individuals. We also 
control the demands we make of each other and our 
business leaders and public officials. 
 Let’s get busy. 
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Crude oil or petroleum and natural gas have an im-
portant role in our everyday life. During refining, 

the complex organic molecules found in crude oil are 
broken down into much smaller species. These building 
blocks are recombined to form many useful products, 
including gasoline, plastics, life-saving drugs, synthetic 
fiber and rubber, and many others. In the United States, 
oil is the fuel of transportation. Coal, nuclear, hydro-
power, and natural gas are primarily used for electric 
power generation. With five percent of the world’s 
population, the U.S. consumes 25 percent of the world’s 
petroleum, 43 percent of the gasoline and 25 percent of 
the natural gas. 
 Oil and natural gas are fossil fuels formed from the 
remains of prehistoric animals and plants. The process 
took place hundreds of millions of years ago when these 
remains, mostly organic matter, under high pressure 
and temperature, converted to petroleum in the pore 
spaces of rocks. Oil and gas are non-renewable sources 
of energy.
 According to Oil and Gas Journal (O&GJ) estimates, 
worldwide reserves at the beginning of 2004 were 1.27 
trillion barrels of oil (one barrel is 42 gallons) and 6,100 
trillion cubic feet of natural gas. These are proven recov-
erable reserves. At today’s consumption level of about 85 
million barrels per day of oil and 260 billion cubic feet 
per day of natural gas, the reserves represent 40 years of 
oil and 64 years of natural gas. 
 The U.S. Geological Survey carried out a study en-
gaging 40 eminent geologists between 1995 and 2000 
suggesting that in 2025, the world would have at least 
900 billion barrels of undiscovered oil. Factoring this 
into calculations with reserve growth (i.e., the increase 
in recovery rate based on improved technology), and 
with consumption growth expected to reach 119 million 
barrels of oil per day by 2025, we see that oil availability 
may extend to 2091. This is based on reserves totaling 
2.9 trillion barrels, about a one-fiftieth part of the water 
in the Great Lakes. For natural gas, a rise in consump-
tion to 415 billion cubic feet per day by 2025 has only 
been indicated.

 Peak production of oil from a reservoir typically oc-
curs 10 years after discovery. For reasons of reservoir ef-
ficiency, oil is produced in increasing steps, year to year 
until the peak is reached, and then in decreasing quan-
tities, year to year. M. King Hubbert, a distinguished 
geologist at Shell, predicted in 1956 that the U.S. oil 
production in all its reservoirs on land would peak in 
the early 1970s and in the world in 2000. While oil pro-
duction in the contiguous 48 states did, in fact, peak in 
the early 1970s, global oil production has not reached a 
maximum. 
 In his latest bestseller, Beyond Oil: The View from 
Hubbert’s Peak, K. Deffeyes of Princeton University ar-
gues that, “world oil production is going to decline first 
slowly, and then more rapidly.” While some scientists, 
the “Hubbertons” believe that world oil production 
has already about peaked, the U.S. Geological Survey 
estimates that this is likely to occur around 2037. What 
is clear in this debate is that oil will run out one day, but 
not so soon.
 The oil and gas industry is a high technology indus-
try. Technology innovations have made it easier to find 
new deposits of oil and gas and enhance recovery. Im-
proved techniques, such as 3D and 4D seismic technol-
ogy, combined with the power of computers, have raised 
the probability of finding more oil and gas. Others, 
such as directional drilling to reach target areas even 
five miles distant, have enhanced oil recovery as well as 
environmental protection. Offshore, wells are routinely 
drilled in 5,000 feet of water, and well depths go thou-
sands of feet below the ocean floor. Global Positioning 
System technology has helped to spot precisely locations 
for offshore activities.
 A few decades ago, the average oil recovery rate from 
reservoirs was 20 percent. Today it stands at 35 percent. 
New techniques would increase the recovery rates. 
Peaking would occur later than now envisaged and op-
timism seems justified. Assume that the U.S. Geological 
Survey and the “petro-optimists” are correct, and that 
the future for oil availability is indeed bright. Assume 
that Morris Adelman of MIT is also correct when he 
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declares that the “amount of oil available to the market 
over the next 25 or 50 years is for all intents and pur-
poses infinite.” Should we remain complacent, or is this 
the right time to look for alternative fuels? 
 Do other reasons warrant action? The price of oil 
and gas, geopolitics and security of supply, and global 
warming concerns are highly relevant. Oil and gas oc-
cur in a few countries, and oil-exporting countries are 
either in a cartel (OPEC) or band loosely together. Until 
a few years ago, world demand was running a little be-
low capacity to supply. The producing countries allo-
cated production quotas among them. Saudi Arabia, the 
largest producer, retained some flexibility in accepting 
an allocation below capacity to produce. When demand 
went into a spurt on occasions, the Saudis would pro-
duce some more. 
 A well- matched supply and demand led to stabil-
ity in the price of oil. But in recent years, demand has 
perked up. Consumption by the U.S. has gone up, Iraq’s 
production is hampered, and developing countries such 
as China and India have been importing more and more 
oil. Saudi Arabia has lost its swing production ability, 
itself producing to full capacity. This mismatch between 
demand and supply, although marginal, has apparently 
resulted in the ongoing sharp jump in oil prices. 
 On the supply side, the issue is how soon the pro-
ducing countries can tap undeveloped reserves. Huge 
investments of time and money are required. On the 
demand side, however, quicker progress is possible. 
Obviously, in our own interest, we should reduce our 
consumption through conservation, higher energy ef-
ficiency, and a turn to alternative resources. 
 Many economists rightly believe that an oil price 
shock will help us consume less of the resource. Consid-
er the May 2006 prices of various fuels based on heating 
value. Per million BTUs, the cost of seasoned firewood 
in the northeast U.S.is about $10, natural gas $15, No. 2 
fuel oil $18, and gasoline $24 (a trip to Boston and back 
in an SUV). Who wouldn’t wish to economize on the 
use of petroleum?
 With oil at high prices, alternate renewable energy 
becomes attractive. Many of these are eco-friendly. Take 
ethanol as an example. Sugarcane-based ethanol edges 
out gasoline at an oil equivalent economic price of $40 
per barrel. In contrast, U.S. corn-based ethanol has an 
edge over gasoline when oil price is $60 or higher. Gaso-
line in Brazil has a 25 percent ethanol component. That 
country will become self-sufficient in energy this year. 
 “Flex-fuel” vehicles are designed to run on etha-
nol, gasoline, or a mixture of the two. Ethanol is made 
through the fermentation of sugars, and sugar cane 

offers many advantages. Sugar cane based ethanol is 
said to yield eight times as much energy as corn. Un-
like corn-based fuels, sugarcane requires no fossil fuels 
to process. Cellulosic ethanol, derived from a range 
of crops, such as switch grass and crop waste, is more 
economic than corn ethanol because it requires far less 
energy. Ethanol reduces carbon monoxide and other 
toxic pollution from the tailpipes. And because ethanol 
is made from crops that absorb carbon dioxide, it helps 
reduce greenhouse emissions. It should be noted that 
ethanol, necessarily in mix with gasoline, would only 
partially replace gasoline.
 Besides ethanol, other unconventional choices are: 
biodiesel made from agricultural crops or waste cook-
ing oil that is blended with diesel; gas-to-liquids (GTL) 
from the abundance of natural gas, coal, or biomass; oil 
trapped in the shale formations in the West, and heavy 
oil lodged in the Canadian tar sands. 
 Biodiesel blend is already in progress. Gas-to-liq-
uids, too, has been in operation for many years, and the 
prices are right for these to expand in a big way. The use 
of compressed natural gas (CNG) in motor vehicles is 
common in many developing countries—but not in U.S. 
There are the conventional energy resources, such as 
hydropower, nuclear power, and coal. But these do not 
readily substitute oil in transport, the prime need in U.S 
today. 
 Hydrogen powering of cars may not be viable unless 
hydrogen can be generated from other than fossil fuels. 
The emerging combination of hydrogen and fuel-cell 
technology may get a boost with nuclear power. Nuclear 
power has a good safety record, but the problem of ra-
dioactive waste disposal needs to be solved. 
 Geopolitics and national security furnish impor-
tant reasons for the U.Ss to become less dependent on 
imported oil. A scenario of events that includes unrest 
in Nigeria, a terrorist attack on Saudi Arabia’s Ghawar 
field or processing facility in Haradh, would seriously 
interrupt supply. The present spike in oil prices of-
fers a wakeup call for us to adopt all measures towards 
self-sufficiency. We must boost research on alternative 
fuels and use these fuels, lower consumption, and raise 
efficiency through higher fuel-economy standards. We 
have the potential to take the giant steps needed to make 
us less dependent on imported oil, but we must act now. 
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Life requires energy. It is the sun’s energy that sus-
tains most forms of life on Earth and that drives our 

climate system. On the other hand, energy produced 
from the burning of coal, oil, and natural gas (so-called 
fossil fuels) lights our cities, heats our homes, fuels our 
cars, and powers our iPods. Fossil fuel-derived energy 
has afforded us a wonderful quality of life, especially in 
the developed world. 
 Here is the paradox: the energy that lights our dark 
nights, keeps us warm, and powers our cars also pro-
duces lots of greenhouse gases that serve to alter the 
Earth’s energy balance and cause our climate to change. 
 We find ourselves today at a unique time in Earth’s 
4.5 billion year history. Humans, through our expand-
ing population and the burning of fossil fuels, are now 
a geological force capable of altering the Earth’s energy 
balance. The resulting climate change will have signifi-
cant and profound consequences for the health of the 
world’s ecosystems and human well-being. 
 This essay poses questions about, and offers answers 
to how our climate system works, how humans are 
changing the climate system, and how we might face the 
challenges of reducing our negative impact on the cli-
mate system in the future.

Professor Wake, isn’t the climate system too complex for 
us to really understand?

The climate system is complex, but there are some basic 
features of the system that allow us to understand how it 
works. And how we are changing it. Our climate system 
is the result of a tricky balancing act between incoming 
short-wave radiation from the sun and outgoing long 
wave radiation emitted by the Earth. 
 Greenhouse gases in our atmosphere (the major ones 
being carbon dioxide, methane, nitrous oxide, and wa-
ter vapor) serve to trap heat at the surface of the Earth, 

much the same way a blanket serves to keep you warm 
on those cold New Hampshire nights. Greenhouse gases 
do not interact with the shortwave radiation from the 
sun, but they do interact with long wave radiation emit-
ted from the Earth. So, the sun’s radiation heats up the 
Earth and the Earth re-emits that energy as long-wave 
radiation that is trapped by greenhouse gases. 
 Natural levels of greenhouse gases in the atmosphere 
(the greenhouse effect) maintain a very pleasant cli-
mate; without them our planet would essentially be 
a large snowball with average temperatures hovering 
around 0°F. It is difficult to envision higher forms of life 
evolving on a frozen planet.
 Let’s place this solar energy into perspective. The 
amount of solar energy actually absorbed by the Earth’s 
surface is about 10,000 times greater than the amount of 
energy we produce from all sources including fossil fuel, 
nuclear, and hydroelectric power.

How can humans possibly change the Earth’s climate 
when the energy we produce is only a small fraction of 
the energy produced the sun?

It is not the energy we produce that is changing the cli-
mate. It is the emissions of greenhouse gases produced 
by the burning of fossil fuels that are changing climate, 
i.e., the enhanced greenhouse effect or global warming. 
Natural levels of greenhouse gases are good things. But 
too much of anything can be detrimental. For example, 
we know water is also critical for life. But too much wa-
ter, as we experienced during the floods last May, is not 
good. The same is true for greenhouse gases. When we 
burn fossil fuels, we are essentially oxidizing the carbon 
that has been stored in the Earth’s crust. The products 
are energy and carbon dioxide, a greenhouse gas. We 
now burn so much fossil fuel that we have significantly 
changed the carbon dioxide content of the atmosphere. 
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 How do we know? Carbon dioxide has been mea-
sured in the atmosphere at the Mauna Loa Observatory 
on the big island in Hawaii since 1958 (Figure 1). The 
seesaw pattern, represented by the red line, reflects the 
inhalation and exhalation of the northern hemisphere 
terrestrial biosphere—essentially forests, grasslands, 
and agricultural ecosystems. Photosynthesis during 
the spring and summer causes carbon dioxide levels in 
the atmosphere to fall, while respiration (especially all 
those bacteria decomposing dead plant material) in the 
autumn and winter cause carbon dioxide levels to in the 
atmosphere to rise. 
 The long-term increasing trend, represented by the 
blue line, is the result of the transfer of carbon from the 
crust to the atmosphere from the burning of fossil fuels. 
We know from analysis of air bubbles preserved in deep, 
old ice in Antarctica that the levels of carbon dioxide 
in the atmosphere today (about 380 parts-per-million) 
are 30 percent higher than they have been for the past 
420,000 years (Figure 2). 

Hasn’t climate always changed?

Excellent observation! Humans are now just one of a vari-
ety of factors that can cause climate to change. The recent 
increase in carbon dioxide and other greenhouse gases 
has changed the Earth’s energy balance and, as a result, 
changed our climate. Scientists working around the world 
have collected detailed records of past climate change by 
deciphering climate records stored in the annual layers of 
trees, corals, and glaciers. They have also collected his-
torical and instrumental records of climate change. These 
records have been combined into a single record that 
documents temperature change for the northern hemi-
sphere over the past 1000 years (Figure 3). This figure, 
often called the “hockey stick” plot because of the shape 
of the temperature trend, shows that the last few decades 
have been the warmest of the last millennium.
 Air temperatures have also been measured directly at 
many stations around the globe. These data have been 
examined and averaged to produce a record of global 
temperature changes over the past 120 years (Figure 
4). The Intergovernmental Panel on Climate Change 
(IPCC) has assembled a group of hundreds of climate 
scientists to assess the causes of the recent warming 
trends. Using a variety of tools, including well docu-
mented global circulation models, they have concluded 
that most of the warming observed over the last 30 years 
owes to human tampering with the climate system by 
increasing greenhouse gases in the atmosphere. 
 Interestingly, the temperature record also shows a 

slight cooling from about 1940 to 1970. It turns out that 
when we burn fossil fuels, a gas called sulfur dioxide 
in also emitted into the atmosphere. Sulfur dioxide 
is quickly oxidized in the atmosphere to form sulfate 
particles, which actually serve to reflect incoming short 
wave radiation (the particles, unlike the greenhouse 
gases, do interact with solar radiation) and cool the re-
gions downwind of where the sulfur dioxide is emitted. 
 Sulfate particles are not, however, a solution to the 
global warming problem. First of all, they love water and 
so only stay in the atmosphere a few days before they 
are washed out; they cool the plant on a regional basis 
and for relatively short periods of time. (By contrast, 
the atmospheric lifetime for the average carbon dioxide 
molecule is 100 years!) Second, sulfate particles have 
their own particular problems. They are responsible for 
much of the acid rain that is degrading our ecosystems 
in the Northeast, and are a major problem for human 
health, resulting in premature mortality of thousands of 
Americans each year.
 What about New England? Analysis of the best avail-
able meteorological data indicates that the region has 
warmed on average about 2°F over the last 100 years. 
There has been an increase in the rate of warming over 
the last 30 years, and this warming trend has been es-
pecially apparent in winter, where we have observed a 
temperature increase of 4.4°F in the past three decades. 
This has been accompanied by earlier breakup of lake 
ice in the spring, a decrease in snowfall, a decrease in 
the number of days with snow on the ground, and ear-
lier spring bloom dates for lilacs, apples, and grapes. 
Clearly, our regional climate is changing and the rate of 
change has increased over the past three decades.

So, Professor Wake, what does the future hold for us?

It depends. Projections of future climate change depend 
fundamentally on how much greenhouse gas we put 
into the atmosphere through the burning of fossil fuels. 
Our climate future is truly in our hands. If we continue 
on a “business-as-usual” course and continue to rely 
primarily on fossil fuel for our source of energy, carbon 
dioxide levels will likely rise to around 1000 ppm by the 
end of this century—more than three times higher than 
the maximum level of carbon dioxide in the atmosphere 
over the past 420,000 years (Figure 1). If carbon dioxide 
reaches this level, there will be significant changes to 
our climate, including an increase in global tempera-
tures from 5–10°F, and an increase in sea level rise from 
1–3 feet by 2100 AD. These changes will affect every sec-
tor of our economy and our quality of life.
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 However, we do not have to follow “business-as-usu-
al” into the future. We can improve the efficiency with 
which we generate and use energy—for example, build-
ing more energy efficient power generating stations and 
buildings, and producing more fuel-efficient cars. We 
can also produce more of our energy from renewable 
resources (wind, water, wood, solar). By doing so, we 
can map a path to a prosperous future while limiting the 
amount of greenhouse gases we produce and, thereby, 
reduce the amount of global warming.
 Let’s use the Durham campus of UNH as an example. 
The University has completed a detailed greenhouse gas 
emissions inventory quantifying the amount of green-
house gas emitted every year since 1990. In 2006, a new 
combined heat and power (CHP) plant was built on 
campus to generate electricity and to heat/cool university 
buildings. The efficiency of this CHP plant is about twice 
that of a basic electrical generating plant because the 
“waste” heat is captured and used on campus. When the 
CHP plant came online in the spring of 2006, our green-
house gas emissions fell by about 20% below 1990 levels.
 This is about three times below what was called for 
in the Kyoto Protocol, the international agreement that 
the United States chose not to ratify. Here is the kicker. 
The University will save $30–$40 million over the next 
20 years because of the improved efficiency of the CHP 
plant. Our approach to the global warming problem can 
no longer be the economy verses the environment. The 
UNH and other examples show that good economic 
policy and good environmental policy go together.
 Following a more sustainable energy pathway in the 
future actually solves four problems at once. First, in-
creasing our production of homegrown renewable energy 
and using that energy more efficiently will reduce our re-
liance on foreign fossil fuel and thereby improve our en-
ergy security. Second, investing in energy efficiency and 
renewable technology can jump start a new, high-tech 
economy that will require well-trained workers and well-
paying jobs that are good for our economy and the job 
market when you graduate. Third, reducing carbon diox-
ide emissions will also reduce emissions of a wide range 
of pollutants that will lead to improved public health. 
And finally, we will address the climate change issue.
 However, the sustainable pathway will not happen 
without considerable effort to change the way this na-
tion operates. One of the not-so-subtle ironies of climate 
change is that it is the baby boomers “gift” to your 
generation. The lifetime of carbon dioxide in the atmo-
sphere is about 100 years. While we are beginning to ex-
perience the effects of human-induced climate change, 
the boomer generation will be long gone by the time 

we experience more significant impacts of a changing 
climate. How our society deals with the climate change 
issue will be a defining characteristic of the 21st century. 
This is an issue your generation will debate at length and 
will need to deal with. And dealing with this issue in a 
meaningful way will require forward thinking and long-
term planning that addresses both reducing greenhouse 
gas emissions and adapting to the climate changes that 
are already in the pipeline. This discussion is just the 
beginning.
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Figure 1. The graph represents car-
bon dioxide measurements from the 
summit of Mauna Loa in Hawaii. The 
red line represents monthly averages 
and the blue line represents annual 
averages. The measurements were 
made from air drawn in from the top 
of the tower on the left hand side of 
the photograph. Data from Keeling 
and Whorf (2005).

Figure 2. Atmospheric carbon di-
oxide, past, present, and future in 
parts-per-million by volume (ppmv). 
The black line represents the 420,000-year record of 
carbon dioxide measured in air bubbles in an ice core 
recovered from the Vostok, Antarctica. The blue line 
represents the Mauna Loa, Hawaii record from 1957 to 
2005 (also shown in more detail in Figure 1). The red 
line represents predicted future carbon dioxide levels in 

the atmosphere if we continue to rely primarily on fossil 
fuels for our energy production (based on the IPCC A1 - 
Fossil Intensive Scenario). Data from Petit et al., (1999), 
Keeling and Whorf (2005), and IPCC (2001).

FIGURE 1

FIGURE 2
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Departures in temperature in °C (from the 1990 value)

Figure 3. Temperature change 
over the last 1,000 years in the 
northern hemisphere as docu-
mented by a combination of tree-
ring, ice core, coral, and instru-
mental records, combined with 
projected temperature change in 
the future under different green-
house gas emission scenarios. The 
red line represents the decadal 
trends in temperature over the 
last 100 years, while the grey area 
around the red line represents the 
uncertainty in the record. Note 
that the recent few decades have 
been the warmest of the last 1000 
years and that projected global 
temperatures will be much higher 
that we have experienced in the 
past 1000 years. Data from Mann 
et al. (1999) and IPCC (2001).

Figure 4. Annual global average temperatures from me-
teorological station data. The red line represents annual 
data and the blue line a 5 year running average. Data 
from Hansen et al. (1999).

FIGURE 4

FIGURE 3
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Walt Alderman
Walt Alderman teaches in 
the business program at 
UNH Manchester. From 
a Fortune 500 corporate 
background, he moved 
into education and 
founded the study-skills 
development company 
Focus First. His business 
and research center on 
the design and applica-
tion of self-regulated 

learning interventions that place the responsibility for 
setting and pursuing goals on the individual.

Carmela Amato-Wierda
Carmela Amato-Wierda is associate professor of materi-
als science in the College of Engineering and Physical 
Sciences at UNH. She obtained her Ph.D. in chemis-
try from Rensselaer Polytechnic Institute. Following 

a postdoctoral fellowship at the National Institute of 
Standards and Technology, she came to UNH in 1995. 
She teaches courses in materials science, including a 
new general education course called “The Science of 
Stuff.” She is the recipient of a research grant from the 
Air Force Office of Sponsored Research for her work on 
a new approach for making solar cell coatings that is 
faster and cheaper.
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John E. Carroll
John E. Carroll is pro-
fessor of environmen-
tal conservation in the 
Department of Natu-
ral Resources. In three 
decades at UNH, he 
has taught and done 
research on national 
and international 
environmental policy, 
diplomacy, ethics, and 
values as they pertain 

to sustainable agriculture and food systems. His recent 
books include Sustainability and Spirituality, and The 
Wisdom of Small Farms and Local Food.

Sönke Dornblut
Sönke Dornblut’s primary motivation lies within a 
deeply held belief that our society must be accessible at 
all levels to all people in order to fulfill its promise as a 
democratic society. He is interested in the development 
of infrastructures that support access for all through 

utilizing community economic development strategies 
and structures. His current work focuses on assistive 
technology and on accessible transportation for people 
with disabilities and others who do not drive, especially 
in rural areas.
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Janine Jacques
Janine Jacques joined 
the UNH Manchester 
faculty in September 
2005. She teaches Da-
tabase Management, 
Information Security, 
Systems Analysis and 
Design, and Web Pro-
gramming. She has 
19 years of experience 
applying technology 
solutions to business 
problems. She began 
her career in 1988 as 

a Cobol programmer. As the newer technologies of rela-
tional databases, client-server architecture and Internet 
emerged; her career grew from programmer, systems 
analyst, and project manager to technical director. Her 
area of expertise has been in technical project manage-
ment. Over the past ten years, her industry focus has 
been database marketing. She is currently researching 
radio frequency identification (RFID) applications 
in medical facilities. She is also actively researching 
current industry trends in information security, off 
shoring, and the impact of technology on energy con-
sumption. Janine graduated from Boston University 
with both a Bachelor of Arts and a Masters in Computer 
Information Systems. She also received an M.B.A. from 
Bentley College and is close to completing her Ph.D. at 
Nova Southeastern University.

David Ripley
David Ripley’s work within the music department is 
that of teaching a voice studio of approximately twelve 
to fourteen students per semester, directing the Opera 
program that puts on a major production each semester, 
and teaching an Art Song class, Music 713. His is also 
very active as a professional performer outside of the 

University. In this capacity he has several recordings 
and has traveled widely. As a singer and teacher of sing-
ing, Ripley is constantly concerned with other cultures 
and languages. He has a deep interest in the relationship 
of song to all cultures in general, and especially as its 
stories and lyrics relate to a personal narrative that par-
allels and enriches our more formal sense of American 
socio-political history.

Ruth Sample
Ruth Sample is a 
philosopher special-
izing in early modern 
philosophy, ethics, 
social and politi-
cal philosophy, and 
feminism. She gradu-
ated with a bachelor’s 
degree from Oberlin 
College in 1986 and a 
Ph.D. from the Uni-
versity of Pittsburgh 
in 1995. She has pub-
lished articles on the 
philosophy of John 

Locke, libertarianism, feminism, contractarianism, and 
exploitation. She is the author of Exploitation: What It 
Is and Why It’s Wrong (Rowman and Littlefield, 2003), 
and the co-editor (along with Professors Charles Mills 
and James Sterba) of Philosophy: The Big Questions 
(Blackwell, 2004). She lives in Madbury, NH, with her 
husband, computer scientist Dean Rubine, her daugh-
ter Hannah, son Sam, and her Portuguese Water Dog 
Moxy.

Stacy D. 
VanDeveer
Stacy D. VanDeveer is 
an associate professor 
of political science at 
the University of New 
Hampshire and, during 
the 2006-2007 academic 
year, a visiting fellow 
at the Watson Institute 
for International Stud-
ies at Brown University. 
His research interests 
include international 
environmental policymaking and its domestic impacts, 
the connections between environmental and security 
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issues, and the role expertise in policy making. Before 
taking a faculty position, he spent two years as a post-
doctoral research fellow in the Belfer Center for Science 
and International Affairs at Harvard University’s John 
F. Kennedy School of Government. He has received re-
search funding from the (US) National Science Founda-
tion and the Swedish Foundation for Strategic Environ-
mental Research (MISTRA), among others. In addition 
to authoring and co-authoring numerous articles, book 
chapters, working papers and reports, he co-edited 
EU Enlargement and the Environment: Institutional 
Change and Environmental Policy in Central and East-
ern Europe (Routledge, 2005), Saving the Seas: Values, 
Science and International Governance (Maryland Sea 
Grant Press, College Park, MD, 1997), and Protecting 
Regional Seas: Developing Capacity and Fostering En-
vironmental Cooperation in Europe (Woodrow Wilson 
International Center, Washington, DC, 1999).

PT Vasudevan
PT Vasudevan is profes-
sor of chemical engi-
neering in the College 
of Engineering and 
Physical Sciences, where 
he joined the faculty 
in 1988. He worked for 
a large petrochemical 
company for seven years 
prior to entering teach-
ing. Vasudevan has won 
a number of awards, 
including the Tau Beta 
Pi Outstanding Teacher 

Award, the CEPS Teaching Excellence Award, the Jean 
Brierley Teaching Excellence Award, the Excellence in 
International Engagement Award, and, recently, the 
American Society for Engineering Education New Eng-
land Section Outstanding Teaching award. For the past 
23 years, he has worked in the area of catalysis and bio-
catalysis. His current research is on Bioenergy.

Cameron 
Wake
Cameron Wake 
collects and stud-
ies ice cores from 
around the world 
to reconstruct past 
climate change. He 
is involved in the 
NOAA funded AIR-
MAP (Atmospheric 
Investigation, 
Regional Model-
ing, Analysis and 
Prediction) project 

(http://airmap.unh.edu). AIRMAP seeks to improve 
our understanding of New England’s changing climate 
and air quality through the investigation of the physical 
and chemical aspects of the New England atmosphere. 
Wake is also leading the New England Integrated Sci-
ences and Assessment’s INHALE (Integrated Human 
Health and Air Quality Assessment) project (http://in-
hale.unh.edu) aimed at improving our understanding of 
how air pollution and weather affect human health.


