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The Imported Petroleum Problem: Do You
Remember?

Here® the situation in which you find yourself:
Petroleum prices are skyrocketing, in fact, they have
risen tenfold in the past few years. Reserves and
refinery capacities have dwindled causing gasoline
shortages and lineups at the pump. The automotive
industry is researching non-petroleum options,
including  all-electric  drive. General Motors
Corporation (GM) announces a bold program to put
an all-electric car in every showroom across the
country. To further aid the American consumer in
this petroleum plight, the U.S. Congress has passed a
several hundred million dollar initiative to put
electric-powered cars on the road in five years.

Doesn@ this sound like today? In reality, this was the
energy Situation in 1980 when our nation was
embroiled in our first true energy crisis. And as that
famous philosopher and Hall of Fame baseball
catcher, Yogi Berra, once said, Ot® deja vu all over
again.OlIn those days, America was just beginning to
wake up the notion that energy resources were
limited and we were dependent on others, namely
Middle Eastern countries, for our petroleum lifeline.
Since then, imported petroleum has dominated our
economy and security interests.

Today’s Energy World: Similar but Different

Although there are many similarities with the energy
climate 25 years ago, there are also stark differences.
The situation was bad then, but today, it much
worse! First, lets look at the supply of petroleum.
Twenty-five years ago, U.S. petroleum production
had recently peaked and there was a permanent
imbalance between domestic supply and demand that
lead to an increase in petroleum imports. (Goodstein,
2004) This fact has greatly affected our economy,
causing significant balance of pay deficits. Back then,

most people considered world petroleum reserves to
be unlimited; today, many scientists believe that
world oil production will peak in the next 10 years.
Since the U.S currently consumes 25% of the world®
oil production, this could have a disastrous impact on
our lifestyles. The U.S. Department of Energy (DOE)
recently stated that without corrective action more
than a decade before oil peaking, the problem will be
pervasive, long-term and abrupt. (Hirsch, 2005)
Although there will still be significant reserves when
oil peaking occurs (about 50%), supply and demand
economics will drive prices drastically upwards Bto
$100/barrel, $200/barrel or higher. (Duderstadt,
2005) In addition, many petroleum prognosticators
believe that petroleum, that is relatively easy to
extract, will run out in the next 50 years. (Hirsch,
2005)

Demand for petroleum energy has continued to
increase during the last quarter of a century as our
nation® ravenous appetite for oil has continued
unabated. Today, we consume approximately 20
million barrels/day as compared to about 15 million
barrels/day in 1980. Back then, we imported about
50% of our petroleum consumption; now it@ up to
60% and expected to grow to 70% in 10 years. This
means that the U.S. economy will continue to be held
hostage by global petroleum supply forces well
beyond our control. A significant issue today that
didn@® exist 25 years ago is the growing demand for
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oil in China and India. America does a great job of
exporting its lifestyle overseas, and with
consumerism and the mobile society, there comes a
much higher appetite for energy. These third-world
countries have aready impacted U.S. petroleum
prices as we have seen a barrel of oil go from $25 in
2000 to over $60 in 2005. Although some say that the
dramatic impact on petroleum prices in 2005 is being
fueled by China® need to fill its short-term storage
capacity, it would be prudent
to assume that the emerging
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introduction and sustained market for hybrid-electric
vehicles (combustion engine coupled with electric
drive) that are being sold by several automotive
manufacturers. Another interesting example is the
hydrogen fuel cell. Although articles in the popular
press often hype fuel cells as a new breakthrough
technology, organizations like the Electric Power
Research Ingtitute (EPRI) had multi-million dollar
research and development (R&D) effortsin fuel cells
more than 25 years ago. In
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energy alternative solution

touted today was on the promising list back then. For
example, electricity, hydrogen, solar, wind, and coal
were all being extensively researched as alternatives
to petroleum in 1980. One option, nuclear fuel,
became a politically volatile subject as a result of the
Three Mile Island Nuclear Reactor Incident in 1979
and doomed the further expansion of nuclear energy.
However, more advanced and improved nuclear
reactor technology appears to be under consideration
for future energy needs today. All of these alternative
energy options require the development of advanced
energy conversion devices that transform primary
energy into useful fuel. For example, for electricity,
advanced batteries with sufficient energy, power and
lifecycle attributes are required for many
applications. Batteries have come a long way in the
past 25 years. The energy density and cycle life of
today®@ batteries have enabled the commercial
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Resource Constraints: The Nub of the

Problem

The most dramatic difference in the advanced energy
field today, as compared with the past, is the lack of
resources that are being applied to the problem. Since
1980, the DOE energy technology R&D budget has
been reduced by approximately 75% from 1980 to
the late 1990s, and its been even further reduced
today. During this same period, EPRI, the electric
utility industries research arm, cut back funding by
amost 50%. (Margolis, 1999) Closer to home, our
domestic automobile manufacturers have all but
abandoned their far reaching aternative energy
technology efforts of the past 25 years. One
exception worth noting is the GM fuel cell effort
where auto analysts have reported a GM investment
of $1 billion in fuel cell research. But, a relevant

Hydrogen fuel cells, ethanol from vegetable matter, solar cells, wind power, synthetic gasoline from coal—all could make a
dent once they are available in sufficient quantities. But that won'’t be for years, maybe decades, says Richard Heinberg, a
professor of culture, ecology and sustainable community at the New College of California in Santa Rosa and the author of
The Party’s Over: Oil, War and the Fate of Industrial Societies.” (Takeuchi and Szczesny, Time, October 31, 2005)



question is: Can this effort be sustained given GMG3
current financial troubles? Most of the advanced
energy technology research undertaken today is
primarily funded by the federal government.
Michigan@® citizens and policymakers need to redlize
that industry is no longer in a position to take care of
our future energy needs; they simply don® have the
resources!

Near- and Long-term Options: Industry Can’t
Handle Both

So far this paper has been concerned with
characterizing the energy crisis and discussing the
difference in the research climate today as compared
with 25 years ago. Although all of us face a much
more competitive environment in the area of energy
resources, we also have better tools at our disposal to
assist in problem solving. The most important of
these, the internet, has made information far more
accessible, revolutionizing R&D and hastening
technology development and transfer. However, this
accelerated pace of innovation creates difficult
challenges for industry. Because new technology is
being developed at a much faster pace, near-term
solutions compete more with long-term goals. For
example, automotive company decision makers today
must face the dilemma of whether to fund near-term
technology solutions at the expense of longer-term
capital investments. This becomes especially
problematical if the near-term solution does not
realize an adequate return because it is supplanted by
another technology option. A real life example of this
dilemma s the decision to improve fuel economy and
emissions by developing advanced gasoline engines,
clean diesel, hybrid electrics or fud cells. (Mader,
2004) This decision is a complex one because the
gasoling, diesel and hybrid options are near-term
decisions that can be implemented within the next
few years, but fuel cell powertrains are 10-15 years
away from market introduction. The Center for
Automotive Research (CAR), an Ann Arbor think
tank headed by Dr. David E. Cole, conducted a study
comparing these options under the guidance and
direction of the U.S. Council for Automotive
Research (USCAR), DOE and the U.S

Environmental Protection Agency (EPA). The table
below shows one result of the study, which indicates
how these four options could reduce petroleum
consumption when compared to current gasoline
engine energy consumption.

Option % Improvement
Advance Gasoline Engines 20
Clean Diesel Engines 30
Hybrid-electrics 30-50
Fuel Cells 50

This study concludes that there are too many
unknowns to make a clear choice between the
options. However, it is clear that “different
automotive manufacturers would pursue different
paths for advanced power technologies. And, because
of the expense of developing these options, alliances
will have to be formed with other auto
manufacturers, supplier companies, research firms,
power and fuel companies, academia and the
government at both the research and product
development stages.” The study went on to state the
key development risks:

1. New automotive engine plants cost upwards of
one billion dollars each. Battery development is
costly and often fraught with many dead ends.

2. History has shown that many hundreds of
millions of dollars in research can be spent
without a successful outcome.

3. Fuel cell development and its infrastructure
could easily be measured in hundreds of billions
of dollars before commercialization is realized.

The bottom line is that the advanced gasoline, clean
diesel and hybrid options are being developed at this
time through alliances among auto industry partners.
For example, GM and Ford are developing a more
fuel-efficient 6-speed transmission and Ford is
purchasing Toyota powertrain components for its
hybrid-electric cars. One the other hand, hydrogen
fuel cells, which could eventually supplant the use of
petroleum powertrains altogether, are a much more
risky venture requiring a more extensive
collaborative model, such as that mentioned in the



CAR report. Of course, an energy carrier like
hydrogen that can be produced from primary energy
sources other than petroleum is the ultimate known
solution for our nation® dependence on petroleum
from other countries.

Alternative Energy: Michigan’s Destiny

As was discussed previoudly, there are various near-
term options that can reduce petroleum consumption,
but these will not affect our dependency of imported
petroleum to any great degree. Our nation® economy
will still be vulnerable to the policies of oil producing
nations, placing the US economy at great risk. 1t
now time to face up to the imported petroleum issue
and invest in the development of the advanced energy
future. This is our nation® challenge and it provides
a tremendous opportunity for the state of Michigan.
In fact, itG Michigan@® destiny! Our state is the world
headquarters for the global automotive industry
whose cars use about 50% of the petroleum
consumed in the United States. Michigan® citizens
have the most to gain and, conversely, the most to
loose if our automotive industry cannot adapt to a
new energy source. For example, there are almost
70,000 powertrain jobs at stake and an annual payroll
of approximately $5 hillion. (Mader, 2003) The state
of Michigan is also the home of important strategic
partnerships that can influence the direction of R&D
for future energy. USCAR, the automotive industry
collaborative partnership with DOE, and the National
Automotive Center (NAC), a research arm of the
Army, are important players located in Michigan.
Finally, our state has the University of Michigan
(UM), which, historically, has ranked among the
nation@ leading universitiesin terms of federal grants
and contracts, with over $750 million in research
expenditures in 2004. The UM has the scientific
knowledge and expertise to lead the intellectual
pursuit of solutions for the energy future. But, since
drastic times require drastic measures, the state of
Michigan and the UM must become close strategic
partners, willing to face up to their current
shortcomings and moving forward as bold leaders in
our energy future.

A New Michigan: Bolder, More Visionary

Michigan® leaders need to set their sights higher and
take aim at creating a vision for our state® future,
which includes leadership in our nation® energy
future. In a report published in September 2005, Dr.
James J. Duderstadt, President Emeritus and
University Professor of Science and Engineering at
the UM, states, “For whatever reason, leaders in the
state’s public and private sectors continue to cling
tenuously to past beliefs and practices preoccupied
with obsolete and largely irrelevant issues...rather
than developing strategies, taking actions, and
making the necessary investments to achieve
economic prosperity and social wellbeing in the new
global economic order.” In discussing Michigan®
past history with associates in leading institutions of
public education like UM, Michigan State University
and Wayne State University, he states, “What is
significant is that the strength of Michigan—its
capacity to build and sustain such extraordinary
institutions—arose from our state’s ability to look to
the future, its willingness to take actions and to make
investments that would yield prosperity and
wellbeing for future generations. This type of forward
thinking leadership is needed by public and private
sector policy makers today.”

Assuming our State steps up and invests

more heavily in innovation and advanced

energy, the UM needs to do its part to
assist Michigan in solving the important energy
problem. One way is to become a focal point for
advanced energy innovation. Recently, the UM began
working to create a campus-wide Advanced Energy
Ingtitute. This initiative is being built around the
UMG® current energy research portfolio (about $35
million in research) consisting of many relatively
small projects with the significant exceptions of the
Automotive Research Center (ARC) and the
Transportation Energy Center (TEC), which provides
afuel research component to complement the ARCG
vehicle powertrain research. The UM has also
announced the creation of the Hydrogen Engineering
and Science Laboratory (HESL). This new laboratory
facility will be housed in the soon to be renovated



Phoenix building. The renovated Phoenix building
will aso provide additional lab space for advanced
fuel and powertrain research and is the site for the
TEC laboratory.

TEc The new TEC is a bold initiative
¥ L focused on discovering and
developing the fuels for the future. The basic fact is
that energy conversion and storage devices are
constraining both technical and economic feasibility
of advanced fuel such as hydrogen. So TEC is
attacking this challenge with initiatives that cover a
broad spectrum of research that impacts distributed
generation of hydrogen from a variety of sources.
This is a smaller scale, more practical approach for
supplying hydrogen to fuel cell auxiliary power
systems, small stationary fuel cell systems and
electric microgrids. The Center is also developing
higher-performance  synthetic  fuels, advanced
chemical energy conversion and improved storage
concepts. TEC is a strategic resource for not only the
University but aso the automotive, petroleum,
chemical, and utility industries. The TEC research
model is based upon establishing close ties with
industry through research partnerships. TEC will use
its track record and ability to attract resources from
government sources to solve important industry
problems, as well as provide an avenue for students
to get real world experience in technical issues and
exposure to the corporate working environment. In
addition, TEC staff has been and will continue to be
vital contributors to the concept and vision for the
University-wide Advanced Energy Institute.

This important energy initiative, currently termed the
Advanced Energy Institute, will be a true
collaborative undertaking and will provide an
effective way of creating synergism among the many
facets of the UM energy research portfolio.
Technology research, energy anaysis, policy
research, business development, and advanced
chemical research will be undertaken by the College
of Engineering, School of Natural Resources and
Environment, the Ross School of Business, and LSA.
The UM Transportation Research Institute will also
participate. The ultimate goal of the Advanced

Energy Ingtitute is to become the leading energy
initiative in the Mid-West dedicated to providing
solutions to our states and nation@ energy problems.

Entrepreneurialism: The New Paradigm for
University Research

Placing the onus of advanced energy research on our
state® leading universities is an appropriate
challenge for these ingtitutions. Exploratory research
will be the key ingredient to developing aternative
forms of energy like hydrogen and synthetic fuels.
And, research universities are really one of the last
remaining options in Michigan for undertaking
significant fundamental research efforts in advanced
energy. It is critical that Michigan® preeminent
research universities grasp a leadership role in the
energy field, especialy since the maor automotive
manufacturers are de-emphasizing long-term research
programs. The true fact is that long-term fundamental
research capabilities needed for energy technology
reside solidly in the research universities of our state.
(Duderstadt, 2005) Without strong innovative energy
research initiatives in key universities, Michigan
could miss out economic development opportunities
for creating jobs in the energy technology field.

Shouldering the burden for the energy future of
Michigan is a tremendously ambitious undertaking
for our state® major universities, and the question
remains. Are they up to such a daunting task? Many
of Michigan@ ingtitutions, are faced with the
challenge of becoming more progressive, especially
when it comes to entrepreneurial pursuits like energy
technology enterprises that could revitalize our
state® manufacturing-based economy. To be a
leader, the university must invest its resources,
betting that its sons and daughters will have what it
takes to generate knowledge and intellectual property
that will lead to a revitalized economy. And,
researchers must become bigger thinkers willing to
get out of their comfort zones and share ideas and
credit with colleagues to create larger visions and
more  comprehensive  solutions. University
researchers need to view themselves as the engine
that drives innovation and economic development for



Michigan. They need to create industrial partnerships
that lead industry in technology development beyond
the current thinking of private companies executives.
Finally, the universities need to identify and reward
leadership. Faculty and research staff willing to take
risks and be bold in accomplishing important tasks

Environmental Impact and Sustainability

need to be recognized and appropriately
compensated. True leaders emerge when extremely
challenging times are presented. This current era in
Michigan of extreme economic chalenge requires
new measuresN and leadership is paramount.

The primary thrust of this paper has been focused on the current energy crisis resulting from too much imported oil and not
enough concerted research effort over the past 25 years to change this situation. Environmental impact has been, and will
continue to be, an important issue for developing advanced energy options. For example, electric cars and fuel cell cars are
considered to be nearly zero polluters. And many are advocating battery-powered electric and fuel cell vehicles for this
reason. However, the environment is a very complex subject that cannot be adequately discussed as a side bar to this paper.
Also the issue of sustainable energy, or energy that does not deplete the planet, is an important criterion in this millennium.
Sustainability is an important god, and as with many far-reaching endeavors, it may be a concept that can be approached but
not actually attained. In any case, environmental impact and sustainability are topics that must be addressed when

investigating any advanced energy option.
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