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& atural gas is gaining widespread sup-
| %1 port as a fuel for electricity generation
and transportation. Its proponents describe
it as a clean, plentiful fossil fuel that contrib-
utes minimally to global climate change.
Some describe it as the “fuel of the future,”
while others advocate its use as a “bridging
fuel” to an eventual future when efficiency
and renewable systems will fill the energy
needs of the world.

Most presentations of natural gas consist
of variations on the benign “little blue
flame” image seen in ad vertisements.
Natural Gas: Bridging Fuel or Road Block to
Clean Energy? provides a different perspec-
tive—an overview of the seldom-discussed
problems created by natural gas use.

Natural Gas and
Global Warming

The crisis of unprecedented rates of
global climate change was brought to center-
stage at the United Nations-sponsored
Earth Summit in June 1992, where it became
painfully clear that there is no easy fix to the
problem of global warming. Our lovely
blue-green world seemed very small indeed
as international communication satellites
beamed the news of its vulnerability to any-

one who had their television or radio tuned
to the Earth Summit coverage. Those who
were not previously aware of the climate-
altering consequences of human actions—
notably, unleashing the carbon contained in
fossil fuels—learned that continuing the
status quo could catastrophically change
our world within the space of a lifetime.
Because natural gas contains less carbon
than any other conventional fossil fuel (one-
half that of coal, one-third less than oil),
some people advocate a switch from coal
and oil to gas. But the presentation of natu-
ral gas as a “clean” fossil fuel sidesteps the
fundamental issue that must be addressed:
the need to discontinue all fossil fuel use, .
and soon, in favor of efficient, carbonless,
renewable energy sources that are techno-
logically available today. :
- Underlying discussions about natural gas
as a preferred fuel—advocacy and skepti-
cism alike—is an unassailable reality: 960
billion tons of carbon remain locked in the
global natural gas reserve. If we unleash
even one-third that amount of carbon (from
any and all fossil fuels) we will push the
temperature of the earth past the upper
limit for “allowed” warming (2 degrees Cel-
sius or 3.6 degrees Fahrenheit), beyond
which await catastrophic changes.
Furthermore, natural gas itself is a potent
global warming gas. Processed gas is 90 per-



cent methane, a global warming gas 20
times more powerful than carbon dioxide.
Even minute amounts of leakage from the .
natural gas production and distribution sys-
tem drives the earth’s temperature further
toward the red zone.

Natural Gas
and Pollution

To describe natural gas as a clean-burn-
ing, non-polluting fuel is to either minimize
or completely ignore its total fuel cycle im-
pacts—beginning with the initial seismic
surveys, drilling, production, processing,
and distribution—all the way through to
the final combustion process. Even a cur-
sory look at these impacts dispels the notion
that natural gas is a clean fuel.

The same drilling and production process
that brings us oil brings us natural gas. That:
process creates huge volumes of toxic drill-

ing wastes, destructive boom-bust eco-
nomic cycles, phy51cal disruption and -
pollution of marine and terrestrial habltat
fresh water contamination, wetlands de- :
struction, preemption of land and fishing -

grounds, and so forth. More than 50 percent ‘

of domestic gas production is by the historic
“Seven Sisters” of the petroleum industry
with gas and oil frequently extracted from
the same geologic formations by the same
industry.

Transportation of natural gas is accom-
plished either by extensive pipeline systems
or by hazardous cryogenic tankers. Pipe-
lines create land-use conflict and often in-
volve passage through land protected
because of particular habitat, wildlife, or
wilderness values.

Processing plants create toxic waste dis-
posal problems, deplete fresh water, and -
generate hazardous substances such as hy-
drogen sulfide and radioactive sludge. -.
Much of the remaining natural gas and oil
lies in fragile offshore regions and the
Arctic.

Natural Gas as a
Transportation Fuel

Although natural gas is said to be a desir-
able alternative fuel for transportation, it
emits quantities of nitrogen oxide (a precur-
sor of acid precipitation, ground-level
ozone, and urban smog) equal to or greater
than gasoline in today’s vehicles, with no
dramatic improvements in sight. As a trans-
portation fuel, it also produces global warm-
ing emissions nearly equivalent to gasoline.

Perhaps even more significant is the mis-
conception that methane is a clean and safe
transportation fuel perpetuates the growth
in numbers of personal vehicles, thus under-
mining attempts to improve mass transit
and to market clean, carbonless alternative
fuels, such as solar hydrogen

During the past year, the impetus to use
methane in automobiles has gathered mo-
mentum from new federal and state regula-
tions. Federal legislation and initiatives,
federal agency rule-making, and state and
regional laws and rules have been formu-
lated to encourage the use of natural gas, to
exempt it from certain emission control
standards, and to facilitate placement of the
distribution infrastructure. The American’
Gas Association and others predlct there
will be millions of methane-powered vehi-
cles on the road by the turn of the century.

Natural Gas in Utilities

Those who advocate methane asa “bridg-
ing fuel” also recommend a “short-term”
switch to natural gas from coal and oil in
electricity-generating facilities. Much more
than a short-term switch is under way as ar-
tificially cheap natural gas is chosen to fill
new capacity for electricity generation, ex=
cluding conservation and renewables from
competitive bidding processes and locking
in natural gas as the preferred fuel for dec-
ades to come.



In the United States, renewable energy
sources have represented only 12 percent of
the total new electrical generating capacity
selected in competitive bidding, while natu-
ral gas represents 54 percent. This prefer-
ence for natural gas is largely a reflection of
its low market cost, growing confidence in
long-term supply, and the relatively low
capital investment required for new gas
combustion turbines. In the Pacific North-
west, for example, the low price of gas-fired
electricity has had the effect of setting an un-
naturally low ceiling of “cost-effectiveness”
for energy efficiency and renewable energy
developments.

If all costs imposed by the total fuel cycle
of methane—including global warming im-
pacts—were included in the market price,
this takeover of competitive bidding could
not happen.

Natural Gas and
the Larger Fossil
Fuel Industry

The exclusion of efficiency and renew-
ables today presents a complex problem for
tomorrow. New power systems coming on-

line today to burn “clean” natural gas may
well be burning gasified coal (or just about ™

any low-grade carbon-based fuel) tomor-
row when conventional gas reserves dwin-
dle and prices rise.

The United States has the world's largest
reserves of coal, a reality that is never far
from the minds of long-term energy plan-
ners. National energy legislation and even
the new Clinton administration have
pledged to focus on “clean coal” technolo-
gies in order to utilize this resource. What
- are euphemistically called “clean-coal”
processes, such as combined-cycle coal gasi-
fication systems and co-firing gas with coal,
emit nearly the same quantity of carbon di-
oxide as conventional coal plants. Various
sectors of the fossil fuel industry may pub-

licly bicker, but it is fundamentally all one
industry. Continued reliance on natural gas
will likely ensure continued dependence on
coal and oil as well.

Natural Gas Supply
and Demandina
Biased Market

In the past, expansion of the energy mar-
ket share for natural gas has been con-
strained by preoccupation with oil, but also
by perceptions of an unreliable supply. This
situation is changing rapidly with new fed-
eral rules to “unbundle” pipeline services
and with generous government subsidies to
encourage exploration and production. Ad-
ditionally, ratification of the North Ameri-
can Free Trade Agreement (NAFT A) will
create a borderless pool of natural gas. Free
trade accords will alleviate any lingering
buyer skepticism about long-term stable
supply and will help stabilize the industry’s
market ideal—gradually rising price for a
relatively plenhful product.
reserves: production ratio
for | proven d stlcﬁrnatural 8as reserves is
only eight years, a lafge global estimated re-
coverable natural gas base awaits deﬁmhon
The NAFTA will not only allow U.S. access -
to our neighbors’ energy resources, but be-
cause the accord sanctions subsidies only
for oil and gas, it will also keep the North
American energy market heavily biased to-
ward fossil fuels. ,

The mechanisms mentioned above to en-
courage use of methane as a transportation
fuel also contribute to stable supply-
demand balance. Pro-rationing manipula-
tions (restraining production to effect a
desired price level) from gas-producing
states has also proven effective. Addition-
ally, the petroleum industry has formed a
number of powerful alliances within vari-
ous sectors of the industry, with utility regu-
lators and federal and state agencies, even




with some environmental organizations and
representatives of the renewable energy in-
dustry. A stable natural gas market is as-
sured by all these actions.

It isimportant to note that even with the
addition of the natural gas reserves of Can-
ada, Mexico, and, eventually, all of Latin
America through free trade accords, more
than two-thirds of the world’s methane re-
serves lie in the Middle East, Eastern |
Europe, and the republics of the former So-
viet Union. If gas continues to be the fuel of
choice in the future, hazardous cryogenic
tankers will ply the shipping lanes with hy-
drocarbons produced from politically unsta-
ble regions—an all-too-familiar pattern.

The Alternatives

Some of those who advocate natural gas
as a bridging fuel do so reluctantly, suggest-
ing that an abrupt switch to clean energy al-
ternatives is simply not feasible and that a
gradual weaning process must be under-
taken to avoid economic chaos.

While it cannot be denied that drastic
restructuring of the global energy infrastruc-
ture would invoke profound socio-
economic restructuring as well, this need
not be a negative impact over the long term.
Measures that would most effectively re-
duce carbon dioxide emissions can also
save energy and money, stimulate the econ-
omy, create jobs, and reduce pollution and
urban smog.

The transition will be difficult, but not
nearly as difficult as the catastrophic prob-

‘lems awaiting the next generation if we do

not act quickly and decisively. It is better to
take on these challenges now, before we
have our hands full dealing with a world al-
tered by sea level rise, regional droughts,
lack of fresh water, loss of biodiversity, shift-
ing agricultural patterns and loss of produc-
tivity, famine, intensified tropical storms,
and forest death. ) '

The means.to more efficient energy use
are at hand. Currently, the United States al-
ready lags far behind countries like Japan
and Germany that use energy twice as effi-
ciently. Even within a biased market, solar
and wind systems are technologically avail-
able and nearly cost-competitive with subsi-
dized fossil fuels and nuclear energy.In
some cases, they are already cost-competi- -
tive. The barriers to their immediate imple-
mentation are political and are becoming -
more impenetrable with every passing mo-
ment of the natural gas greenwash.

Threshold Moments

If one asks: “Is natural gas less polluting,
and less of a factor in climate change, than
coal and 0il?” the answer must be 'yes’ if
only the impacts of combustion are exam-
ined. The answer becomes a shaky ‘'maybe’
when the total fuel cycle impacts are exam-
ined. If one frames the question: “Is natural
gas less polluting and less of a contributor
to global warming than conservation, effi-
ciency, and renewable energy?” the answer
is an unequivocal ‘no.’” If we fail to pose the
correct question at this critical juncture,
when energy choices made now will endure
for decades, we will surely produce the
WTONg answer. "

As the accolades for natural gas continue
to pile up, as the infrastructure to produce
and distribute gas grows more extensive, -
and as the marketplace grows more biased,
the future becomes more certain for long-
term expanded use of this fuel and its sister
fossil fuels. Natural gas is excluding the en-
try of renewable energy and efficiency into
the utility and transportation sectors.

The United States only has a few years to
reverse this trend. Once the next round of
competitive bidding for new electricity sup-
ply is completed and combustion turbines
and combined cycle systems are in place,
once Detroit has retooled for natural gas ve-
hicles, and compressed natural.gas refilling

N



stations are in every city, we will be stuck
paying off that investment. We will not
have another opportunity to implement
clean energy again for decades.

Perpetuating fossil fuel dependence in
the United States is not the only concern. In
today’s reign of free markets and free trade
agreements, industrialized countries cannot
make isolated energy choices. Accords such
as the NAFTA and the Enterprise for the
Americas Initiative will ensure that the
Western Hemisphere must follow the lead
of the world’s most energy-hungry country
down the fossil fuel dead-end street.

The Clinton/Gore administration has
come to office at the precise moment when
the country is at a crossroad of possible en-
ergy futures. The impetus to continue on
the fossil fuel path is powerful, and Presi-
dent Clinton has already endorsed natural
gas. But both leaders have demonstrated
their commitment to change and to ensur-
ing that the needs of all people are met—
including the most basic need for a healthy
world. Reversing their endorsement of natu-
ral gas is critical if they hope to remain con-
sistent with that commitment.



Chapter One
Introduction

he United States faces difficult and

Tchallenging energy choices after a year
of extraordinary political change. In June
1992, the United Nations Conference on En-
vironment and Development (UNCED, the
Earth Summit) helped focus world attention
on the profound dilemma of global climate
change as a consequence of human activ-
ity—notably, the use of fossil fuels. Months

later, the American people voted out a Presi-

dent who shamed the country at the Earth
Summit by actively impeding international
attempts to address that dilemma.

As a consequence of these two events,
there is now increased recognition of the
problem of global warming in the public
and political sectors, and an opportunity to
address it in meaningful ways. Under the
new direction of President Clinton and Vice
President Gore, the United States can as-
sume a role of leadership in global efforts to
reduce the use of fuels that are poisoning
the planet. The Clinton/Gore administra-
tion has the opportunity to atone for that ap-
palling moment in history when the United
States blockaded the first real international
step toward responsible energy planning
for all people.

However, an energy choice that has al-
ready won enthusiastic endorsement from
the new administration is natural gas, an-
other fossil fuel. Proponents of natural gas
describe it as a clean, plentiful fossil fuel
that contributes minimally to global climate
change. Some describe it as the “fuel of the
future,” while others advocate its use as a
“bridging fuel” to a future when energy effi-
ciency and renewable systems will fill the
energy needs of the world. Both these pres-
entation exclude some hard realities. To de-
scribe natural gas as a clean-burning fuel is
to either minimize or completely ignore its
total fuel-cycle impacts—from the initial
seismic surveys all the way through to the fi-
nal combustion process.

Those who endorse natural gas as a bridg-
ing fuel claim that clean and efficient renew-
able energy systems are not widely
marketable or politically palatable at this
time and that forcing a rapid transition to
clean energy now would create debilitating
economic chaos. These arguments have
some merit. It will be a formidable task to
enforce immediate changes in a market-
place, infrastructure, and political climate
geared toward production and distribution
of fossil fuels. Yet this difficulty pales in



comparison to the social and economic up-
heaval awaiting us in a global climate
abruptly altered by continued use of fossil
fuels.

Some of the best minds in the world cau-
tion that a slim window of opportunity is
available for preventative action to stave off
planetary climate change. By shying away
from bold action to change the patterns of
energy use today, our descendents will be
forced to deal with the consequences of
global warming (sea level rise, failed agricul-
tural production, regional drought, mass ex-
tinctions, famine), as well as the causes.

There is no easy fix for the problem of
global warming. Abusive consumption of
fossil fuels has brought us to this crisis; con-
tinued use of fossil fuels will not avert it.
The presentation of natural gas as a clean
fossil fuel sidesteps the fundamental issue
that must be addressed: the need to discon-
tinue all fossil fuel use in favor of efficient,
carbonless, renewable energy sources.

Underlying all discussions about natural
gas as a preferred fuel—advocacy and skep-
ticism alike—is an unassailable reality: 960
billion tons of carbon remain locked in the
global natural gas reserve. If we unleash
even one-third of that amount of carbon
(from any and all fossil fuels) we will push
the temperature of the earth past the upper
limit (2 degrees Celsius, 3.6 degrees Fahren-

heit) for “allowed” warmin% beyond which

await catastrophic changes.” -

- If one asks: “Is natural gas less polluting,
and less of a factor in climate change, than
coal'and cil?” the answer must be "yes” if
only the impacts of combustion are exam-
ined. The answer becomes a shaky ‘'maybe’
when the total fuel cycle impacts are exam-
ined. If one frames the question: “Is natural
gas less polluting and less of a contributor
to global warming than conservation, effi-
ciency, and renewable energy?” the answer
is an unequivocal 'no.’ h

If we do not pose the correct question at
this critical juncture—when energy choices
made now will endure for decades—we

will surely produce the wrong answer. Al-
ready, artificially “cheap” natural gas is
pushing conservation and renewable en-
ergy systems out of competitive bidding for
new energy supply choices in the United
States, effectively locking those alternatives
out of the energy mix for coming decades.

Most presentations of natural gas consist
of one-sided variations on the theme of the
benign “little blue flame” image we have
seen in advertisements for years. Little infor-
mation is publicly available about the prob-
lems created by natural gas use. This report
is meant to provide at least an outline of the
other side of the picture, an overview of the
entire fuel cycle impacts of a fuel that is nei-
ther clean nor cheap.

Clean Energy Today
or Global Disaster
Tomorrow?

'If the preponderance of the world’s scien-

. tific community is correct, the atmosphere

will warm at unprecedented rates—perhaps
as much as three to eight degrees Fahren-
heit by the year 2050. This human-caused
warming of the earth over the next 50 years
would equal all the warming that has oc-
curred over the entire history of human civi-
lization, beginning more than one hundred
centuries ago.

There are, simply speaking, two ways we
can react to the crisis of global warming: we
can stop it—or at least slow it—or we can
try to adapt. What would adaptation in-
volve? And what would it cost?

Economic analysts have just begun to cal-
culate what it might cost to protect low-
lying coastal regions from sea level rise that
will accompany global warming, if it is even
possible. What will it cost to dike the entire
U.S. Atlantic seaboard, the countries of the
Indian subcontinent, the Mediterranean?
What will become of the peoples of the Pa-



A news story quoted former U.S. Energy
Secretary James Watkins as he cautioned
coal, oil, and gas interests to maintain a
united front against “leftist extremists” who
were exaggerating warnings about global
warming. “There is no scientific justification
for a tax on carbon dioxide. None whatso-
ever. Clearly it will be destructive to the na-
tional economy,” he said, rejecting claims
by scientists that carbon dioxide emissions

“were contributing to global warming. “The
Ilce Age was coming in the 1970s. Every
day we find out that what we found out yes-
terday was wrong,” he said.’

As the rhetoric flies and the public won-
ders whom to believe, numerous recent
studies have carefully concluded that reduc-
ing the cause of fossil fuel-generated
global warming emissions would effect a
“no regrets” policy. The general thesis of -
these studies is that even discounting the
likelihood of unprecedented rates of global
warming as a consequence of fossil fuel
combustion, other documented negative im-
pacts of fossil fuels make them environmen-
tally and economically unsound

“investments.

The premise that saving energy saves
money is not news. We would remind Admi-
ral Watkins that some of what we found out
yesterday is right: measures to increase en-
ergy efficiency introduced since the first oil
crisis in 1973 are already saving the coun-
try $150 billion every year in avoided fuel
costs,? yet the United States still uses en-
ergy only one-half as efficiently as Japan
and Germany.

A reduction of fossil fuel-generated
greenhouse gas emissions will also effect
reduction of acid precipitation, urban smog,
human health problems, destructive boom-
bust development cycles, as well as con-
serve finite resources. ~

It is estimated that the United States
alone spends $100 to $300 billion annually
for lost jobs, tax credits, and health and en-

vironmental costs imposed by fossil fuel
use,? exclusive of any estimation of the im-
pacts of greenhouse gas emissions. In the
United States, taxpayers subsidize the fos-
sil fuel industries upward of $25 billion an-
nually.4 These costs are on top of an
annual fuel bill of $450 billion.

In his book, The Greenhouse Gambit,
Douglas Cogan writes “As America's mili-
tary actions in the Persian Gulf demon-
strate, the U.S. government finds the
money and muster to act when it perceives
a threat to one of the nation’s vital inter-
ests. If global warming were regarded in
the same way, there is little doubt that the
government would resolve to act once
again.” 6

A genuine working definition of energy
security must get beyond the dangerous
preoccupation with ever-expanding sup-
ply—the Mad-Hatter notion that more must
be better—to a definition that describes the
need for enduring energy sources that
meet the needs of all people, the use of
which will not inflict iremedial harm. Finite,
polluting fossil fuels that threaten to alter
the global climate just do not fit the bill.

As Cogan and others point out, reduction
of greenhouse gas emissions can provide
a net benefit to society. Scientists from the
National Academies of Science and Engi-
neering, Harvard University, Camegie Mel-
lon University, Massachusetts Institute of
Technology, Oak Ridge National Labora-
tory, University of California Berkeley, and
General Motors Research Laboratories re-
port that:

“...a variety of measures are available
to slow or reduce the growth in green-
house gas emissions at low cost, per-
haps even at a net cost savings. In
most cases, such measures will bring
ancillary benefits, such as a reduction
in urban air pollution...many of these
may be viewed as 'no regrets’ options




that are worth pursuing inde-
pendently of greenhouse con-
cerns.”

This highly respected team of scien-
tists found that measures to increase
energy efficiency in buildings, transporta-
tion, and industry, combined with CFC-re-
ducing measures, could reduce curent
U.S. carbon dioxide-equivalent emis-
sions up to 40 percent (3,100 million tons
per year), with energy cost savings that
would exceed annual investment expen-
ditures by $10 to $110 billion a year.®

Similarly, a U.S. EPA study found that
a carbon tax providing investment tax
credits would simultaneously reduce
carbon dioxide emissions and boost the
U.S. economy over the long run. Their
study ran four separate models, three of
which produced an overall rise in gross
national product when revenues from a.
carbon tax were recycled into investment
tax credits; the fourth model predicted no
significant change in base-line gross na-
tional product.g

As another example, a Canadian
study reported:

Notes

Most of the measures that reduce
emissions of carbon dioxide also
save energy. In many of these
cases, the value of the energy
saved over the life of the measure
exceeds the initial investment re-
quired; that is they produce a net
benefit...Implementing the meas-
ures economically attractive to soci-
ety yields a net benefit of $150
billion on the basis of energy sav-
ings alone. 10

And a joint U.S./European study
funded by the Dutch government re-
ported that Western Europe could re-
duce carbon dioxide emissions 17 to 60
percent below current levels “while boost-
ing economic growth, saving large sums
of money, and enhancing international
competitive ness.” !

In the various discussions of using
market mechanisms, including carbon
taxes, to reduce global warming emis-
sions, most analysts rightfully caution
that care must be taken to direct some of
the revenues to offset impacts on lower-
income and rural communities. 2
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cific Islands whose countries will simply be
gone with even a moderate rise in sea level?

And, as climates favorable for agricul-
tural production migrate toward the poles,
will we be able to relocate the agricultural
infrastructure quickly enough to follow the
shift? If so, who will forge the international
agreements necessary and who will fund
the shift?

Global warming is predicted to increase
the frequency and intensity of tropical
storms. How will people of equatorial coun-
tries feed, house, and provide for them-
selves when catastrophic storms hit them
with increasing regularity and ferocity, as
the sea creeps ever higher up their shores?
At this writing, three months after Hurri-
cane Andrew swept through Florida, one of
the wealthiest countries in the world has
not been able to get the region back on its
feet, and insurance companies have ex-
hausted their resources in attempts to pay
off claims.*

Even now, millions of people all over the
world live in hunger and crushing poverty
because there is no international accord on
how to distribute food and other resources
equitably. How will we achieve a distribu-
tion system in the face of global climate
change accompanied by regional droughts,
storms, dying crops, epidemics, sea level
rise, and decimated forests?

How will we move fresh water to coastal
regions that will have none after rising seas
cause salt water to intrude into fresh water
aquifers?

What will it take to build migration corri-
dors to allow species to migrate to appropri-
ate habitat as climate and patterns of
vegetation change? Will we route these cor-
ridors through the miles of pavement and
brick of urban centers? Around them?

What is biodiversity worth?

Taken together, all these questions add
up to a powerful unknown: “What will it
take to change the infrastructure of human
civilization in the face of a global crisis?” It
is a question no one can answer.

We do have an answer for the question,
“What can we do to slow global warming?”
The answer is a difficult one for aworld .
that powered an industrial revolution with
fossil fuels, a world where fossil fuel use is
embedded in the very fabric of sodety. The
answer is that we must discontinue con-
sumption of fossil fuels—all fossil fuels—
and turn to available renewable energy
systems and energy efficiency before an ir-
revocable crisis isuponus.

The Greenwash

As the world comes to acknowledge the
grave consequences of fossil fuel-generated
global warming, the oil and gas industry,
some energy policy makers, and even some
environmental organizations, have begun to
line up behind increased use of natural gas.
Natural gas, the “cleanest” of the fossil fu-
els, averages a carbon content one-half that
of coal and one-third less than oil,and is. -
presented as a means to forestall global
warming, '

The international scientific community
has calculated that reductions of 60 percent
or more in carbon dioxide emissions, and
similar drastic cuts in emissions of other
greenhouse gases, are necessary tohold ...
these gases at their current levels of atmos-
pheric concentrations.’ Although the means
to achieve these reductions quickly are tech-
nologically proven (see Chapter 8: The Al-
ternatives), some energy planners caution
that we must begin a slow diversification
from coal and oil by increasing the use of
natural gas until efficient, renewable energy
systems become more marketable and politi-

cally palatable. Other energy planners have

no intention of abandoning coal and oil as
primary fuels. '

While it cannot be denied that drastic re-.
structuring of the global energy infrastruc-
ture would invoke profound sociceconomic
restructuring as well, this need not produce
a negative impact over the long term. The



measures that would most effectively re-
duce carbon dioxide emissions can also
save energy and money, stimulate the econ-
omy, create jobs, reduce pollution and ur-
ban smog (see Box 1: A No-Regrets Policy
for Carbon Dioxide Reduction).

With the urgent need to end dependence
on high-carbon fuels and nuclear energy
sources, and with growing alarm at the ra-
pidity of changes taking place in the
‘planet’s atmosphere, it is understandable
that many hasten to find something to slow
the impending global catastrophe. But a
component of some carbon-emission reduc-
tion strategies is going awry: the recommen-
dation for a “short-term” switch to natural
gas from coal and oil.

As outlined in later sections, much more
than a short-term switch is under way as ar-
tificially cheap natural gas is chosen to fill
new capacity for electricity generation, ex-
cluding conservation and renewables from
competitive bidding processes and locking
in natural gas as the preferred fuel for dec-
ades to come. Similarly, new federal rules
and legislation are ensuring that natural gas
will be heavily favored in choices for alter-
native transportation fuels (see Chapter 2:
Emissions Associated with Production and
Consumption).

If the present market bias toward subsi-
dized fossil fuels is not quickly corrected,
non-carbon energy alternatives will be all
dressed up with no place to go. They will be
available for a corrected marketplace to
choose from—as indeed they are now—but
natural gas will have already filled the
niche in electricity generation as well as a
transportation fuel.

What many hopefully describe as the
“bridging” fuel is quickly becoming a multi-
lane, transcontinental freeway, cemented in
place by an ever-growing, borderless pro-
duction and distribution infrastructure to
keep natural gas moving to market.

A study by the ICF Consulting Firm cau-
“Hons that demand for natural gas could
soar 500 percent by the year 2015 if the pol-

icy goal were to stabilize carbon dioxide
emissions and the only other generating al-
ternative was limited amounts of (rela-
tively) high-cost renewables.® The ICF
study comments that such demand for gas
would eventually cause delivery prices to
more than triple, adding as much as $90 bil-
lion to the country’s annual fuel bill. That
may or may not be the case, as it is likely
that accords such as the North American
Free Trade Agreement (NAFTA), along
with other market mechanisms, will keep
expanding supply in balance with demand,
thus maintaining relatively modest natural
gas prices for at least the next decade. The
more important point is that if natural gas
use soar$ 500 percent, or even 200 percent,
the supposed desirability of a fuel that pos-
sesses one-half as much carbon as coal and
one-third as much as oil becomes meaning-
less in the face of an acknowledged need to
reduce net carbon emissions by 60 percent.

Difficult Choices

In countries such as those of Eastern
Europe and the republics of the former So-
viet Union, the immediate energy choices
are painfully difficult. For example, if the
governments of the former Soviet republics

must make an immediate choice between

decommissioning dangerous nuclear reac-
tors or expansion of natural gas, we in the

~ United States could not presume to counsel

them against natural gas.7 Natural gas
seems far preferable to dirty coal technolo-
gies or hazardous nuclear reactors in that
context.

By comparison, energy choices in the
United States are relatively simple. Here,

the potential for rapid implementation of re-

newable energy and efficiency improve-
ments is great, despite market disincentives
and frank political resistance from the Rea-
gan and Bush administrations, and now, the
natural gas greenwash.



Perhaps if it were true that natural gas
could wean the industrialized world from
oil and coal consumption, one might accept
the trade-off that natural gas is indeed an-
other finite fossil fuel that contributes sig-
nificantly to global warming, acid
precipitation, and urban smog. But natural
gas will not simply replace coal and oil, nor
will it merely serve as a temporary bridge to
clean energy. On the contrary, energy poli-
cies now being forged in the industrialized

world will ensure a perpetuation of all fossil
fuels under the green wing of natural gas.
Before offering examples and documenta-
tion of these policies, it is first appropriate
to examine the impacts from the entire fuel
cycle, how its production and distribution
affect local and regional environments and
economies, what the experts predict in
terms of short- and long-term demand, and
what energy alternatives are available now.
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4 ketplace that favors heavily subsi-
dized fossil fuels and nuclear energy,
attempts are now under way by some utili-
ties, regional power planning councils, and
others to include the “hidden” societal costs
of fuels into the market cost in order to cre-
ate a level playing field for all energy
sources, including efficiency and renew-
ables. However, even these progressive cost-

ing initiatives still only examine some of the -

emissions associated with fuel combustion,
excluding pre-combustion impacts of the en-
tire fuel cycle.

In the case of natural gas, pre-combustion
impacts have not been examined nor quanti-
fied, and combustion emissions themselves
have also not been thoroughly examined.
Some of the emission reductions claimed
possible by switching to natural gas turn
out to be exaggerated in some cases, and
not achievable with current technology in
other cases. '

Carbon Dioxide

Natural gas has a carbon content by
weight, roughly one-half that of coal and
one-third that of oil (see Fig. 1). Natural gas
thus can be expected to produce less carbon
dioxide (CO2) when burned; the propor-
tions are dependent on a number of vari-
ables, including the efficiency of the
combustion system. As a rough average, oil
combustion produces 40 percent more CO2
than natural gas, and coal emissions of CO2
are around 75 percent greater.B

On the face of it, it appears that switch-
ing to natural gas could significantly reduce
global warming emissions on a comparative
basis with other fossil fuels, but in real-
world applications, natural gas is not living
up to its promise.



Carbon Dioxide from
the Transportation Sector

Because the United States transportation
sector is responsible for 63 percent of an-
nual oil consumption, ? the Bush administra-
tion’s National Energy Strategy (NES)
pledged to replace gasoline with “alterna-
tive fuels,” including natural gas, to lessen
oil use and thereby reduce oil imports. The
provisions of the National Energy Policy

Act of 1992, the Clean Air Act Amendments .

of 1990, and other non-legislative federal
rule-making will result in switching wide-
spread from gasoline to natural gas asa
transportation fuel.

An estimated 30,000 natural gas vehicles
are now in use in the United States.!® The
American Gas Association estimates there

will be four million by the year 2005, 1

' cluding 2. 5 million new compressed natura]

gas (CNG) vehicles by the year 2000 ac-
counted for bg the Clean Air Act Amend-
ments alone.] (For reference, a CNG
vehicle consumes about as much fuel in a
year as a home heated with natural gas.l3 )
This rapid growth rate is a concern be-
cause the comparative emission reductions
possible with natural gas as an alternative
fuel are still speculative. Mile for mile, most
vehicles powered by CNG today emit 0 to
15 percent less CO;z than gasoline-powered
vehicles.! The U.S. EPA, in a 1990 test of
CNG vehicles on the road, found that by fac-
tonng in tailpipe emissions of methane ’
(without c0n51dermg emissions from the
production and distribution systems for

Figure 1
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CNG), two of the three CNG vehicles tested
had a greater global warming impact than
their gasoline-powered counterparts.”>

Other studies suggest that dedicated vehi-
cles optimized for CNG use will offer an
average 20 percent reduction of global
warming emissions over gasoline-powered
vehicles. However, the U.S. EPA has just
drafted a revised estimate of the compara-
tive global warming impacts of transporta-
tion fuels with the conclusion that even an
optimized CNG vehicle produces global
‘warming impacts nearly equivalent to gaso-
line-powered vehicles.’

- Evenif 20-percent reductions in global

warming impacts are realized in the future,
recall that we need to reduce carbon diox-
ide emissions by 60 to 80 percent just to sta-
bilize global warming gas concentrations.
The 20-percent reduction that might be real-
ized by changing to natural gas falls far
short, and the number of personal CNG-
powered vehicles on the road continues to
climb.

Industry analysts point out that “natural
gas will realize its potential as a transporta-
tion fuel only when, and if, an infrastruc-
ture is built that will support refueling,
manufacturing, maintaining, and reselling
natural gas vehicles (NGVs). In the race for
profits, the winners will target their recep-
tive market segments and move quickly to
put their technology’s infrastructure in
p]ace.”17

The National Energy Policy Act of 1992 of-
fers tax deductions for purchasing alterna-
tively fueled vehicles (up to $2,000 for light
duty vehicles and progressively greater
amounts for heavy duty vehicles), as well as
deductions of up to $100,000 for the costs as-
sociated with equipment, storage, and dis-
pensing of alternative fuels.'®

Additionally, the U.S. EPA is writing a
new standard for natural gas vehicle emis-
sions because CNG vehicles are unable to
meet the existing standard for total hydro-
carbon emissions. (see following sections on
Hydrocarbons).

Producers and distributors of CNG are
hastening to capitalize on the opportunity -
provided by new national regulations for al-
ternatively fueled vehicles. In recognition of
the need to corner the alternative fuel mar-
ket quickly, Mesa Inc., headed by Boone
Pickens, has gone so far as to offer financing
of public and private fleet conversions to
CING in return for gas purchase agreements
in several states. Pickens calls his program
“MESA Environmental—Clean Fleet,” and
predicts that 20 million vehicles in the
United States will be fueled by CNG by the
year 2000.1°

“Miscellaneous” Carbon Dioxide Release

In addition to the combustion process,
natural gas emits CO; into the atmosphere
in ways that are neither well scrutinized nor
quantified.

During extraction, other gases come out
of the reservoir with the hydrocarbons. Ac-

- cording to a California Energy.Commission

study of greenhouse gas emissions, when
natural gas is extracted:

...often times, carbon dioxide is pre-
sent in significant concentrations (as
much as two-thirds). Since carbon di-
oxide is an unwanted product of gas
extraction and not considered a pollut-
ant, it is separated from the gas stream
and vented into the atmosphere.
Though data exists for flaring of natu-
ral gas at the well or processing plant,
there was little information on direct
venting of carbon dioxide.2?

Accurate quantification of CO2 loading
from this source has not been attempted. Al-
though it is unlikely that CO2 would com-
prise anywhere near two-thirds of the
production stream from gas production
wellsonan average,21 even a fraction of
that would be of concern. In the United
States, natural gas wells were estimated to
generate 91.3 billion cubic feet of CO2 from
direct flaring and venting in 1987.%2% This es-
timate does not include CO; flaring and
venting from oil wells that produce associ-
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ated gas and does not include CO; venting
from processing facilities nor anywhere else
“downstream” from the well. Considering
the expansion of natural gas production en-
dorsed by regional, national, and interna-
tional energy policies, these previously
ignored sources of global warming emis-
sions warrant attention.

Carbon Dioxide Emissions from Utilities

The use of natural gas rather than oil or
coal to generate electric power has greater
promise for reducing COz emissions pro-
duced during combustion. Each kilowatt-
hour of coal-derived electricity puts more
than two pounds of COyz into the air. By
comparison, oil emits fewer than 1.75
pounds of CO2 per kilowatt-hour and natu-
ral gas (burned in convenhonal gas turbine)
emits about 1.33 pounds

Highly efficient, combined-cycle natural
gas plants can do better at comparative CO;
emission reductions. According to the ex-
ecutive officer of Enron, operator of the
country’s largest gas distribution system:
“In comparing a new natural gas combined-
cycle plant with a new technology coal
plant, the natural gas plant emits 58 percent

less COa. "2

Chris Flavin of the Worldwatch Institute
is even more optimistic, reporting that
newly developed combined-cycle natural
gas power plants emit up to 65 percent less
COx than conventional coal plants

However, the likelihood of simply shut-
ting out coal in favor of natural gas-pow-
ered facilities is questionable and will be -
discussed in later sections. The fossil fuel in-
dustry and new national legislation and pol-
icy directives encourage power-generating
systems that co-fire coal and natural gas.
These policies also support technology that
will utilize gasified coal in combined-cycle

systems once easily produced natural gas re-

serves are depleted. (Co-firing is a process

to combine natural gas and coal during com-

bushon, generally with much greater pro-
portions of coal to natural gas. Gasified coal

produces nearly the same amountof CO;
when combusted as does solid coal.)

For the immediate future, “cheap” natu-
ral gas will consistently exclude conserva-
tion and renewables from competitive
bidding processes, thus capturing the mar-
ket on new generating capacity for the next
several decades and ensuring thatcarbon-
less energy remains underutilized (see Box
4: Cornering the Utility Markets). -

Hydrocarbons

Sales quality natural gas is about 90 per-
cent methane, a hydrocarbon that is consid-
ered “nonreactive” and therefore assumed
not to contribute to ozone formation (0zone
is formed when hydrocarbons react with ni-
trogen oxides in the presence of sunlight; it
is a global warming gas in its ownright and
is the principal ingredient of urban smog).
Because natural gas-fueled vehicles emit
fewer reactive hydrocarbons than gasoline
vehicles, and because more than 50 percent
of reactive hydrocarbon emissionsin the
United States are a consequence of the trans-
portation sector, attention has centered on
the potential for natural gas as a vehicle fuel
to reduce urban smog,. 26

In 1991, the Gas Research Institute re-
ported that:

“...the EPA has now indicated that
methane may be sufficiently reactive
to require control...this is reflected in
proposed limits on emissions of total
hydrocarbons from motor vehicles, in-
cludin §NGV5 (natural gas vehi-
cles).”

As it turns out, the U.S. EPA has just pro-~

posed a new rule that will specifically
exclude methane emissions from regulation,

by supplementing the current total hydro-

carbon emission standard by one that will
only regulate non- methane hydrocarbon
emissions from CNG vehicles. Because of
high methane emissions, natural gas-fueled
vehicles are never able to meet the existing



hydrocarbon standard. According to the
Federal Register Notice of the new rule-
making from the U.5. EPA:

...compared to current petroleum-fired
vehicleé, vehicles operating on natural
gas have fairly high total HC [hydro-
carbon] emissions which consist pri-
marily of methane, but have
non-methane HC levels comparable to
or below those of gasoline-fueled vehi-
cles...the high methane emissions
would make it infeasible for current
technology natural gas-fired vehicles
to comply with the THC [total hydro-
carbon] standards currently in place
for other fuels...current exhaust cata-
lyst technology is lartgely ineffective at
oxidizing methane.

" The U.S. EPA explains that the catalyst
technology that might eventually be able to
oxidize methane is “early on its develop-
ment,” thus “the Agency [EPA] does not be-
lieve that the THC [total hydrocarbon]
standards are feasible in the near term for
natural gas-fueled vehicles.”?’ The new rule
excluding tailpipe methane emissions from
regulation is said to reflect the mandate of
Congress as exemplified in provisions of the
Alternative Motor Fuels Act and The Clean
Air Act Amendments:

..[it] reflects Congress’ view that natu-
ral gas is a promising future transpor-
tation fuel in light of both
environmental and national energy se-
curity. For these reasons, the Agency
does not believe that natural gas-fu-
eled vehicles should be excluded from
the market while catalyst technology
is being deve10ped.30

Unfortunately, the proposed rule does
not address the global warming impacts of
unregulated methane emissions, although
according to other U.S. EPA studies of CNG
vehicles, they are significant. 31 With only
30,000 natural gas vehicles now on the road,
it does not seem particularly alarming that
natural gas vehicles cannot meet total hy-
drocarbon standards, but if projections are

correct, in a decade when the number
reaches millions, there will certainly be a
concern.

According to a 1992 study by the Ar-
gonne National Laboratory and the Interna-
tional Institute of Applied Systems Analysis
in Vienna, Austria, if greenhouse gas reduc-
tions are to be realized for natural gasas a
vehicle fuel both in the short- and long-
term, very strict regulatlon of tailpipe emis-
sions will be necessary 2 Yet the United
States is preparing to abandon standards for
methane tailpipe emissions because the tech-
nology is not available to reduce emissions
to acceptable levels.

The methane problem aside, converting a
gasoline-fueled vehicle to natural gas can re-
duce reactive hydrocarbon emissions by 40
to 60 percent *Thatisa significant reduc-
tion, but, again, not nearly enough in the -
context of the swelling numbers of personal
vehicles on the road. The efficacy of reduc-
ing reactive hydrocarbons by one-half is du-
bious in the face of the projected growth of
vehicles on the road. In fact, the improve-
ment in per vehicle emissions may encour-
age this growth to increase and, in the end,
resultin greater total emissions. Going one
small step forward and one giant step back-
ward is not progress.

Rather than rushing to subsidize natural
gas as an “alternative” fuel, exempting it
from federal standards of emission control
and expanding the infrastructure for its dis-
tribution, the country could seize this oppor-
tunity to implement mass transit reform,
innovative land-use planning, and genuine
alternative fuels with zero hydrocarbon
emissions.

Oxides of Nitrogen
and Sulfur

There is no argument about the relative
merits of fossil fuels interms of sulfur emis-
sions. Sulfur dioxide emissions (a precursor
of acid precipitation) from natural gas com-
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bustion are nearly zero, although removal
of hydrogen sulfide from “sour” natural gas
can be locally problematic.

Tt is much less clearcut when it comes to
nitrogen oxide emissions. Because natural
gas inherently contains less nitrogen than
other fossil fuels, the potential for reduction
of nitrogen oxide emissions during combus-
tion is great. However, the combustion proc-
ess for natural gas can produce greater
quantities of nitrogen oxides than other fos-
sil fuels unless special catalytic reducers or
some other post-combustion treatment re-
moves the oxides of nitrogen.

For now, there are technological hurdles
to overcome in order to achieve the neces-
sary catalyst efficiency for natural gas as a
transportation fuel.

Nitrogen Oxide Emissions
from theTransportation Sector

Most natural gas-fueled vehicles cur-
rently produce greater nitrogen oxide emis-
sions than gasoline-powered vehicles.**
Although automotive engineers believe
they can eventually design fuel injection sys-

-tems'and optimize exhaust after-treatment

specifically for natural gas that could “ap-
proach that of gasoline vehicle systems,”:‘}5

- there are some difficult technological trade-

offs to be considered.

Engineers report that typical catalyst effi-
ciency for natural gas is about 15 percent in
comparison with 80 percent for gasolihe.%
High compression engines would allow effi-
ciency improvements of 15 to 20 percent,
but higher compression ratlos cause greater
nitrogen oxide emissions.? Accordmg to
the U.S. EPA, compressed natural gas
(CNG) should be burned at high compres-
sion, with a lean air-to-fuel ratio to reduce
carbon monoxide and non-methane hydro-
carbons while achieving maximum effi-
ciency, but the lean-burn increases nitrogen
oxide emissions.*®

The Worldwatch Institute and others re-
port that the potential exists for specialized
catalytic converters to reduce emissions of

nitrogen oxides, as well as for efficient, high-
compression engines that will burn less fuel
and thus reduce carbon dioxide emis-
sions.” The existing dilemma is summed

up by a representative of Ford Motors, who
candidly admitted:

“...we are very concerned—even
though natural gas has many attrib-
utes that make it a clean fuel—
whether or not we are going to be able
to meet the future [NOx] emission
standards with this fuel.”*

According to the U.S. EPA:

Balancing the large carbon monoxide
and NMHC [non-methane hydrocar-
bon] reductions possible with a dedi- -
cated CNG-fueled vehicle withthe .
degree of NOx (nitrogen oxide) con-
trol necessary will be the most difficult
technical area and is clearly one in
which more research, development
and demonstration is necessary. 4

‘New federal legislation and public rela-
tions efforts to subsidize and portray natu-
ral gas as a clean-burning transportation
fuel have bolted far ahead of the informa-
tion base. The U.S. General Accounting Of--
fice reported to Congress in September
1992 that “Subsidies for alternative fuels
would reduce gasoline consumption, but
whether they would necessarily lead to
cleaner air is uncertain. The combustion of
some alternative fuels—for example, com-
pressed natural gas and methanol—may re-
duce carbon monoxide and hydrocarbon
emissions, but may not significantly reduce

“nitrogen oxide emissions.

Nitrogen Oxide Emissions from Utilities

Natural gas does offer greater advantage
over coal for nitrogen oxide emission reduc-
tions in electricity-generating facilities, but
is certainly no panacea.

As with compressed natural gas in vehi-
cles, the necessity of high-temperature com-
bustion of natural gas in power plants
requires catalytic treatment to significantly



reduce oxides of nitrogen. The Clean Air
Act Amendments of 1990 require U.S. utili-
ties to reduce nitrogen oxide emissions
from 110 large Eastern generating stations
by a modest two million tons. A 1991 Na-
tional Academy of Science report concluded
that much greater nitrogen oxide control
will be required to reduce smog.43

The Clean Air Act Amendments require
nitrogen oxide emission reductions of 40 to
50 percent, achievable with after-burners.
But the National Academy of Sciences
study calls this moderate restriction into
question. Catalyst removers are available in
Germany that reduce nitrogen oxide emis-
sions from power plants by as much as 85
percent, but they are costly,44 and many
U.S. facilities will resist them unless strictly
mandated.

Impacts of Nitrogen Oxide Emissions

The National Academy of Sciences study
is one several recent assessments that ex-
press increasing concern for the impacts of
nitrogen oxide emissions, which are three-
pronged: nitrogen oxide is a precursor of
acid precipitation; it is instrumental in the
formation of tropospheric ozone, whichis a
potent greenhouse gas; and ozone is the pre-
cursor of smog.

The National Academy of Science study
concludes that U.S. EPA’s control strategies
for reducing smog had focused too exclu-
sively on reducing the hydrocarbon compo-
nent of the ozone equation and too little on
the nitrogen oxide side of the equation.*®
The U.S. EPA underestimated concentra-
tions of volatile organic compounds in cities
because they underestimated contributions
from motor vehicle sources and had ne-
glected important natural sources, such as
trees. The National Academy of Science
findings indicate that tighter controls of ni-
trogen oxides are clearly necessary to re-
duce urban smog.

Yet the transportation fuel now billed as
an answer to urban pollution produces
quantities of nitrogen oxide equal to or
greater than gasoline. If natural gas can re-
duce air pollution and global warming
gases as advocates claim, the temptation to
endorse it would be compelling, butas a
transportation fuel, at least, natural gas falls
far short. A transportation fuel that pro-
duces greater nitrogen oxide emissions than
gasoline, and global warming impacts
equivalent to gasoline, cannot be called
clean. Nor can it be called “cheap” in its ulti-
mate cost to society and the environment.
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Chapter Three
Let’'s Call It

What It Is: Methane

Enron Corporation depicts an artist’s
rendition of eagles soaring above a gas proc-
essing facility nestled in an otherwise pris-
tine setting of forested mountains and
sparkling rivers. “Isn’t it wonderful natural
gas is invisible so the rest of nature never
will be? As an energy source, natural gas
certainly lives up to its name,” the advertise-
ment reads.

Actually, processed “natural gas” is
roughly 80 to 95 percent methane. Methane
is a global warming gas more than 20 times
as effective as CO at trapping heat in the at-
mosphere over a 100-year period, and more
than 60 times over a 20-year 5pan{;6 The *
most recent assessment from the Intergov-
ernmental Panel on Climate Change (IPCC)
indicates that summing all direct and indi-
rect methane effects, it may be almost 70
times more powerful a greenhouse gas than
COz, molecule-for-molecule, over a 20-year
time frame.?

Of the human-caused global warming
gases, methane is second only to carbon di-
oxide in terms of its contribution to future

Afull-page advertisement run by the

climate change (see Box 2: Atmospheric
Methane Concentrations). The IPCC calcu-
lates that methane will be responsible for 18
percent of future warming and COz for 66
percent, although these numbers are con-
stantly being revised.*® Methane's atmos- -
pheric lifetime is about 11 years, while CO,
molecules endure in the atmosphere for 120
years.*? Although the shorter life span al-
lows at least the possibility for more rapid
reduction of methane concentrations than
for COy, the potency of methane as a global
warming gas in the short term is a concern
because of the probability of global warm-
ing feedback mechanisms that might occur
within decades. These mechanisms are
“wild cards” in the predictive modeling sci-
ence of climate change and could drastically
increase the rate of global warming,

For example, as global tefnperatufes rise,
enormous quantities of methane trapped in
frozen Arctic tundra could be released, caus-
ing yet greater warming and eventual re-
lease of submarine methane hydrates now
trapped beneath Arctic permafrost. This
would hasten warming and deplete the at-



mospheric hydroxyl reservoir (the hydroxyl -

radical is the atmosphere’s “cleansing
agent,” oxidizing methane and carbon mon-
oxide, nitrogen oxides, and other gases).50
With the depletion of the hydroxyl reser-
voir, the ability of the atmosphere to rid it-
self of excess gases declines, thus
accelerating the buildup of those gases and
the global warming they create. (See Jeremy
Leggett, ed. Global Warming: The Greenpeace
Report. Amsterdam, The Netherlands:
Greenpeace International, 1990, for a com-
plete description of this and other feedback
mechanisms).

Methane Emissions
from the Natural Gas
System

Because natural gas combustion emits
less CO7 than either coal or oil, its advocates
argue that it can mitigate global warming if
used as a replacement fuel for transporta-
tion and electrical generation. But the lack
of hard data on methane emissions makes a
cogent decision on the relative merits of
natural gas impossible, even discounting
the other global warming and polluting im-
pacts of the entire fuel cycle.

Anthropogenic methane loading is diffi-
cult to quantify, and estimation of fugitive
emissions from the natural gas system are
particularly nebulous. The U.S. EP A has
completed a draft resport on anthropogenic
methane emissions.”! The study examines
U.S. emissions, but also offers a range of
global estimates of 200 to 550 teragrams
(one teragram [Tg] equals a million metric
tons) of methane emissions a year from all
anthropogenic sources.?

U.S. EPA estimates of emissions from the
global natural gas system in the draft report
are somewhat contradictory. Estimates cited
in the text for natural gas system leakage
only are also given for oil and gas together

“in tables listing all sources and sinks. The ta-

bles (based on IPCC data) give a range of es-
timates for both oil and gas system leakage
of 30 to 70 Tg (for comparison, the table lists
global emissions from coal mining at 25 to
50 Tg a year). The text states (also citing the
IPCC):

Some authors have suggested that ap-
proximately 2 to 4 percent of the total
global natural gas production may be
emitted. At this rate, total global emis-
sions are estimated at about 30 to 70
Tg per year.53

A mean 3 percent estimate globally
would be consistent with other studies;
however, all researchers consistently under-
score the uncertainties of estimates and in-
adequate data. Most studies suggest that 3
percent methane leakage from the natural
gas system is a conservative global esti-
mate.>* Many researchers also agree that if
methane leakage from the natural gas sys-
tem is even a seemingly low 3 percent
worldwide, there will be no net benefit in
terms of global warming to be gained by
changing from oil to natural gas.55

The other area of agreement is that the
highest levels of emissions come from the
former Soviet republics and Eastern Europe
and the lowest levels from North America.
Estimates for the former range to greater

than 10 percent and for the latter from 3 per-

cent to less than 1 percent.

Methane Leakage in the
U.S. Natural Gas System

The draft U.S. EPA report on methane
emissions concludes that methane emis-
sions from the U.S. natural gas system ac-
counted for 2.2 to 4.3 Tg per year, with a
central estimate of 3, equating to 11 percent
of anthropogenic methane emissions nation-
wide, and less than 1 percent of total mar-

. keted gas in 1990. This estimate excludes

combustion-related emissions associated
with customer gas use.”® The total also ex-
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cludes venting and flaring emissions at the
wellhead, “...because preliminary analyses
indicate that a large majority of emissions
from wellhead venting and flaring onggnate
from oil wells that do not market gas.

The authors acknowledged the lack of in-
formation available for analysis: “...very lit-
tle emissions data have been developed for
most of the emission sources in the natural
gas system.”

Although the U.S. EPA study is the most
comprehenswe attempt thus far to quantify
natural gas system methane leakage in the
United States, the conclusions are con-
strained by the paucity of information avail-
able at the outset of the investigation. Most
of their conclusions are extrapolated from a
very limited data set provided by several in-
dustry studies.”® The estimates are also lim-
ited because they do not include all p0551ble
sources, such as abandoned well leakage, or
venting and flaring from active wells.

Other studies concluded in the recent
past also reflect the uncertainties:

* The American Gas Association (AGA) re-
ported in 1989 that total system emis-
sions were only 0.3 percent. (They did
not estimate emissions from production
and processing.)

* A 1989 study by Dean Abrahamson from
the University of Minnesota produced an
estimate of 2.8 percent for the total sys-
tem.

* A 1990 report to the U.S. Department of
Energy by D. Barns and J. Edmonds sug-
gested a 2 percent total.

* Last, a 1992 Radian Corporation report
estlm.gted the total emissions at 1.11 per-
cent.

Interestingly, while the Radian study
finds the greatest sources of emissions are
the production and processing sectors of the
natural gas system rather than the transmis-
sion, storage, and distribution of gas, the
U.S. Department of Energy and Abraham-
son studies conclude just the opposite: that
most emissions result from transmission,
storage, and distribution processes.60

Uncertainties of Future
Methane Emissions

Oil and gas industry representatives are
quick to assure their critics that methane
emissions from production and distribution
can be adequately controlled in the United
States and, with introduction of new materi-
als and technology, the global ratecan be re-
duced as well—even in Eastern Europe and
the former Soviet republics, whereleakage
is thought to be greatest.

Let us say, for the sake of discussion, that
industry assertions are true: that leakage
from new natural gas distribution systems
can be held to 1 percent with new technol-
ogy and materials, even in the former repub-
lics of the Soviet Union. Unfortunately, this
does not address the problem of existing in-
frastructure. There are approximately one
mllhon kilometers of natural gas pipeline in
place and much of it is old and corroding;
The difficulty and expense of incorporating
new materials and technologies into exist-
ing pipeline and distribution systems
would be enormous. There are also thou-
sands of abandoned wells that may or may
not be leaking,

In the final analysis, attempts to capture
the methane emissions would probably be
cost-effective, since the emissions are a sal-
able commodity. However, the time re-
quired to realize the savings to industry is
discouraging. In the United Kingdom,
where there has been a comparatively sig-
nificant debate about methane leakage and
efforts undertaken to repair and replace
leaking mains, it is estimated that the pre-
sent program for replacing pre-1969 gas pip-
ing will take 45 years for mains and 15 years
for services at current rates.® In the former
Soviet republics, the geographic spread of
the system alone will make repairsand re-
building much more time consuming and
costly. Several decades is a long time to al-
low continued emissions of this powerful
global warming gas.



Even if regulatory agencies are willing to
mandate this time and expense and indus-
try is willing to undertake them, there
would remain the need for monitoring to en-
sure compliance at a time when many coun-
tries, including the United States, are
encouraging federal deregulation of energy
industries and industry self-monitoring pro-
grams.

Some of the supposed benefits of sw1tch—
ing to natural gas are based on assumptions
and conclusions that have not yet been sup-
ported with a sound information base (as
with CNG as a transportation fuel). Seldom
questioned in the midst of this speculation
is what even a 1 percent methane leakage
rate will mean for global warming if natural

gas use is increased two- or threefold (as
some predict), and if other mechanisms,
such as melting tundra and release of meth-
ane hydrates, simultaneously and abruptly
load methane into the atmosphere.

The 1992 draft U.S. EPA report does at-
tempt to address future emissions, stating
that although “changes in future methane
emissions will be determined by the
changes in the size of the gas system which
in turn will be determined by the changes in
future consumption of natural gas and the
productivity of the system,” natural gas sys-
tem emissions might not necessarily in-
crease proportionately: “The use of
improved alternative practices will reduce

Atmospheric methane concentrations
have more than doubled in the past two
centuries and continue to climb. More than
70 percent of the total emissions are a
consequence of human actwmes Atmos-
pheric methane concentrations have in-
creased at twice the rate of CO2.2

However, a team of National Oceanic
and Atmospheric Administration (NOAA)
scientists reported in 1992 that, although
methane continues to accumulate in the at-
mosphere, the rate of accumulatlon
slowed between 1983 and 1990.2 The
NOAA study found that in the early 1980s,
methane levels were climbing at 13.3
parts/billion per year, but by 1990, the rate
of increase had dropped to 9.5 parts/bil-
lion per year. They predicted that if this de-
celeration continues, “global methane
concentrations will reach a maximum
around the year 2006.”

The report suggests that several human
activities could be responsible for the
change—a decreasing world cattle poputa-
tion since 1975, a slowdown in global rice
production, and changes in oil industry

practices since the late 1970s that reduce
methane loss during extraction. Since
methane persists in the atmosphere for 10
to 11 years, any orall ofthese factors
could be responsrble

The NOAA team stated: “Our results
hint that changes in methane emissions in
the latitude band 30 to 90 degrees North
may be of particular significance to this
trend...Although it is not possible to deter-
mine from this study which particular
sources have slowed their increase, the ra-
pidity of the deceleration suggests that di-
rect human actions may be responsible.
The component of the global methane
source that is most amenable to rapid re-
duction by human intervention is that asso-
ciated with fossil-fuel extraction.”

Although not mentioned by the NOAA
team, another trend occurring during the
period in question was a temporary reduc-
tion in natural gas and oil use in the north-
ern latitudes. There was a fall in U.S.
natural gas use by 16 percent from the
early 1970s to 1990.5 Global natural gas
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methane emissions per unit of the natural
gas delivered by the system.”®

It is to be hoped that this will be the case,
but what seems lacking so far is an immedi-
ate financial incentive or some regulatory

mechanism. The U.S. EPA forecast is also in-
complete in that it discounts future methane
emissions from natural gas-powered vehi-
cles and the associated distribution and re-
fueling system, which could be substantial.

and oil production also declined slightly in
the years 1980 through 1983.°

Other explanations have been offered.
Ronald G. Prinn, Director of the Center for
Global Change Science at the Massachu-
setts Institute of Technology, suggests
that increased concentrations of hydroxyl
radical (the hydroxyl radical is the atmos-
phere’s “cleansing agent,” oxidizing meth-
ane and carbon monoxide, nitrogen
oxides and other gases) is slowing the
rate of growth of methane concentrations.
The greater concentration of hydroxyl radi-
cal is accounted for, he says, by replace-
ment of natural forests with cultivated
areas, which have greater nitrogen oxide

Notes

pp. 313316.
4. Science News 7/25/32, p. 55.

emissions, leading to greater production of
the hydroxy! radical. Buming of biomass in
the tropics, and urbanization and its atten-
dant pollution also increase levels of hy-
droxyl radical over the tropics.7

Whatever the cause for the apparent
slowdown of the rate of methane buildup
in the atmosphere, it is good news for
now, but we should not be lulled into un-
concern about the global warming poten-
tial of future anthropogenic methane
emissions. The only certainty in the infant
science of long-term climate change mod-
eling and the complex interactions of
sources, sinks, and feedback mecha-
nisms, is its uncertainty.
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