
nnovative approaches that address key ener-
gy issues of the 21st century provided the

focus for the 1999 Industrial Physics Forum,
held at Exxon in Clinton, New Jersey. Featured
speakers at the meeting summarized progress
in such promising energy technologies as natur-
al gas, fuel cells, carbon dioxide (CO2) manage-
ment, and nuclear energy.

Daniel Yergin, chairman of Cambridge
Energy Research Associates (Cambridge,
MA), said that the marketplace has moved
beyond globalization to what he terms glob-
ality—“a world economy in which the tradi-
tional and familiar boundaries are being sur -
mounted or made irrelevant.” Globality, in
turn, is creating new opportunities and new
anxieties, as evidenced by the recent turbu-
lence in international capital markets in
Latin America and Asia, said Yergin, co-
author of The Commanding Heights: The Bat -
tle Between Government and the Market -
place that is Remaking the Modern World
(Simon & Schuster: New York, 1998). 

In response to these changes, gov-
ernments are increasingly seeking to
privatize industries, particularly in
energy, communications, and infra-
structure. “The objective is to move
away from governmental control as a
substitute for the market and toward
reliance on competition in the marketplace
as a more efficient way to protect the pub-
lic,” said Yergin, and technological innova-
tion is a critical element in this transition.

Electricity and natural gas wil l likely
become the two dominant energy sources
in the early 21st century, according to
Jesse Ausubel, director of the Program for
the Human Environment at Rockefeller Uni-
versity. Natural gas is easily purified, which
permits nearly complete combustion, and it
can be efficiently distributed through a sys-
tem of pipes. 

The share of primary energy devoted to gen-
erating electricity has steadily increased world-
wide to nearly 40% today, Ausubel said, and

that figure will grow as the global economy
becomes increasingly reliant on electricity. He
estimates that coal consumption can continue
at current levels for only 20 to 40 years. In
contrast, consumption of hydrocarbon gases
should see significant growth in the next few
decades—not just for electric power, but also
for transportation—and additionally through
the development of fuel cells. 

Fuel cells can be fueled directly by
methane or by hydrogen extracted from
methane. Many envision fuel cells as an
eventual replacement for the internal com-
bustion engine because they are more effi-
cient and produce less carbon-containing
pollutants. General Motors is pursuing the
use of methanol and gasoline as sources of
hydrogen for fuel cells, which combine
hydrogen with oxygen at electrodes. This
reaction generates electricity and forms
water and heat . Along wi th Ford and
Chrysler, GM participates in the government-
sponsored Partnership for a New Generation
of Vehicles, which aims to develop a produc-
tion vehicle with three times the fuel effi-
ciency of a 1993 car by 2004. The company
hopes to have a production-ready fuel-cell-
powered car that year.

Scientists at Exxon are collaborating with
researchers at GM to develop a device for
power ing fuel-ce ll veh icles, called a
reformer, that can manufacture hydrogen
from gasoline on demand. 

For all its potential benefits, even natural
gas is a source of greenhouse-gas emissions.
So CO2-management schemes are becoming
an important area of research. “Right now,
about 80% of our energy needs worldwide are
fossil-fuel driven,” said Howard Herzog, a prin-
cipal research engineer at the Energy Labora-
tory of the Massachusetts Institute of Technol-
ogy (MIT). “To think that we’re going to be able
to lessen that load overnight is unrealistic; it
could take many decades. The bottom line is
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that fossil fuels are going to be around for a
long time, and if we’re worried about climate
change, we need to take [them] into account.”

One solution is carbon sequestration—
capturing CO2 emissions before they are
released into the atmosphere. The U.S.
Department of Energy (DOE) has included
this approach as a key component of its cli-
mate-change solutions. By operating gas
power plants at high temperatures and pres-
sures, CO2 can be bled off as a liquid and
sequestered in underground or undersea
cavities. The problem is that this process is
energy intensive and itself creates a signifi-
cant amount of CO2, which makes the tech-
nique unsuitable for sequestering carbon.
Along with his MIT colleagues, Herzog is
working to make several sequestration
processes more energy efficient. The first
commercial sequestration operation, called
the Sleipner Project, has been operating in
the North Sea off Norway since 1996. 

The market penetration of natural gas is
further l imited by the cost of transport
from the reservoir to the end user. Accord-
ing to Ruzica Petkovic of Exxon’s Corpo-
rate Research, transportation efficiency
has been achieved over the last 30 years
by increasing the diameter of pipelines.
However, Petkovic has found that “sub-
stantial benefits accrue only when the
pipeline is constructed from material that
is about twice as strong as those in gener-
al use today.” 

To that end, Exxon scientists are develop-
ing ultrahigh-strength steels by using a novel
approach in which alloy additions and pro-
cessing modifications to enhance strength
and toughness are minimal. Ultrahigh-
strength pipelines can contain gas at higher
pressures, which enables more gas to be
transmitted through a pipeline. Alternatively,
gas could be transported at current pres-
sures using pipe of reduced wall thickness.
Exxon’s new pipline steel is but one exam-
ple of the practical benefits companies can
gain by investing in R&D, said Marc Brod-
sky, executive director of the American Insti-
tute of Physics.

It is clear that no one technology will be
sufficient to meet the energy needs of the
21st century. Most energy companies are

now focusing on bundling emerging energy
technologies to achieve an overall symbiotic
effect, noted Arthur Green, chief scientist of
Exxon Exploration Co., adding that past tech-
nological innovations have helped reduce the
cost of finding and developing oil from $35
to less than $5 per barrel. “The confluence
of change in a world without walls has

revealed a dynamic environment for explo-
ration in the global oil-and-gas industry,” he
said. For Green, the question facing Exxon
and other industrial companies in this rapidly
changing environment is simple: “What is
the science, and what are the technologies
that will allow us to survive and even prosper
in these challenging conditions?”


