(Part 1)

THE CHANGES REQUIRED
70 DEAL EFFECTIVELY
wiTH GLoBAL WARMING

Stephen Paley,
George K. Oister,
and Richard T. Hull

our significant and interconnected physieal problems are likely

to reach critical stages over the next two decades. They are:

* (Global warming and environmental degradation
* Depletion of key resources including oil, gas and potable water
* Pollution caused by use of fossil fuels with current technologies

* A world population that has grown beyond Earth’s carrying capacity

(which exacerbates the first three problems) clih
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Keeping these problems within tolerable limits will require
defining the actions that must be taken and the sequence in
which they must be taken, followed by rapid deployment of the
largest set of integrated, knowledge-based changes the world
has ever seen. Included in these changes is the deployment of
certain “survival” technologies. Much of this article will dis-
cuss fundamental impediments to their creation, adoption,
and deployment.

The compartmentalization of knowledge, along with vari-
ous cultural, economic, and business realities, has created a
scverely limited understanding of the changes necessary for
our survival, and has also delayed implementation of those
changes. These realities are:

* Economic self-interest

* Profit motive as the sole determinant of action

* Lack of appropriate institutions to promote and manage the
required changes

» Limitations on the range of practical solutions that experts
can create, often imposed by their own specializations

* Limitations associated with (nonexpert) decision makers
who formulate decisions that require expert knowledge

We suggest that an institution be created and designed 1o
orchestrate solutions to the first three of the four problems
above. The institution’s role regarding the fourth, overpopu-
lation, would be to promote understanding of the need for
population reduction as necessary for human survival and to
help create improved birth-control technology thai might
make that possible.

THE NATURE OF SURVIVAL TECHNOLOGIES

The fact that these basic physical problems are coupled
together renders the creation of survival technologies exceed-
ingly difficult and not always achievable by those possessing a
narrow range of specialized knowledge. By “survival technolo-
gies,” we mean those that are sustainable and provide to a sig-
nificant extent for:
» Human needs for energy, fresh water, and population reduction
* Reduced human impact upon the environment
* Restricted global warming to within tolerable limits
* Facilitation of adjustment to the negative environmental
changes caused by global warming

Survival technologies must be sparing in their use of nonre-
newable resources, and must perform without producing much
pollution or harming the environment. The wish list of survival
technology characteristics calls for them to be robust, relative-
ly low-cost, rapidly deployable if possible, and compatible with
existing mfrastructure. As shorthand, we will refer to a survival
technology exhibiting these characteristics as “practical.”

But even this formidable list is incomplete when discus-
sions furn to energy technologies. Practical energy technolo-

Stephen Paley is a physicist, and George K. Oister, who
died while this article was being prepared, was an elec-
tronics engineer. They spent most of their professional
careers in research, development, and technical manage-
ment for multinational corporations, defense contractors,
and small high-tech companies, at which they contributed
to the development of several important new technologies.
Richard Hull, trained as a philosopher, has participated
in the developrment of some technologies with Paley and
Oister, chiefly as an investor.

gies must also have a high “energy gain.” Energy gain ratio is
the energy obtained by say, burning a gallon of gasoline, com-
pared to the cnergy expended to obtain that gallon. “Energy
expended,” in this case, includes that required to drill, pro-
duce, transport, and refine the oil and also the energy (pro-
rated) required to make pipes, erect oil-drilling platforms, con-
struet refineries, and so forth. For other forms of energy, such
as electricity generated by wind power, we similarly need to
compare the fotal energy generated by a wind turbine over its
lifetime with the cnergy needed to mine the metals, forge the
blades, build the generator and the support structure of the
turbine, and other factors requiring the expenditure of energy.

Unless all of these parameters are favorable, the technologies
upon which we depend for our survival will at some point fail us.

Finally, we must be certain that in regions where climate
change is most evident, the resources that proposed survival
technologies will require are not depleted by climate change.
For example, a recent summer drought in Western Europe
diminished the water supplies needed to cool nuclear reactors.
Consequenily, reactor power levels (and the electricity they gen-
erate) had to be reduced, which led to strain on the power sup-
ply and limited the availability of air conditioning that used
reaclor-generated electricity. This, in turn, resulted in the death
of scveral thousand elderly people who could not adjust to the
sudden heal stress thatl they had to endure. Thus, the water-
cooled nuclear reactor must not be considered a future survival
technology in any region susceptible to permanent freshwater
shortages, unless the reduced water supply can be replaced in
a practical manner.

And freshwater shortages are occurring all over the world.
Australia is presently suffering the worst drought in its histo-
ry; a significant portion of its crops have failed. There has
been speculation that the drought is due to global warming
and may represent a perinanent climate change. Such a change
may result in the need to relocate up to six million people, but
no one has suggested where.

Some areas that grow much of the world’s food are pre-
dicted to become hotter and drier due to global warming and
potentially reduced precipitation. In North America, this
includes the American Midwest, Southwest, and far West. In
the future, these regions may no longer be able to support
high-yield agriculture because of a lack of water. In addition to
less precipitation, agriculture in the Midwest and South
Central region of the United States is threatened by ihe
approaching depletion of the Ogallala Aquifer. Much of the
West and Southwest, including parts of California, gets 80 per-
cent of its waler from mountain snowmelt runoff, which is
already in sharp decline because of global warming.

‘What water is left behind is increasingly diverted to grow-
ing cities, which compete with agriculture for this vital re-
source. For example, most of the water in California’s Imperial
Valley, formerly a major producer of fruits and vegetables, has
been transferred to cities in Southern California. Imperial Val-
ley farmland is being converted to housing developments that
have less need for water. Thus, what was once a major food-
producing area is in now in the process ol being permanently
transformed.

The survival technology that could enable humans to have
adequate supplies of water and maintain {ood production would
be a practical, extremely low-cost, energy-conserving method
of desalinating vast quantities of ocean water.
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Another example of a survival technology, one that would
enable population reduction, would be an injection that ren-
ders humans sterile until another counteracting shot is admin-
istered. The wide adoption of such a technology would slow
population growth so that human numbers could be stabilized
or even reduced below present levels.

WHY GLOBAL WARMING REQUIRES IMMEDIATE
DEPLOYMENT OF ‘FIRST-ROUND’ SURVIVAL
TECHNOLOGIES

Normally, we like solid prool of potential outcomes before act-
ing on major issues. But some aspects ol global warming
require us to compromise this principle. Global warming is a
critical problem that, if il becomes pronounced enough, will put
mankind’s future on the planet in doubt. Given that threat, cer-
tain aspects of global warming must be addressed before 100
percent certainty of cause and effect has been established. One

“The survival technology that could enable
humans to have adequate supplies of water and
maintain food production would be a practical,
extremely low-cost, energy-conserving method of

desalinating vast quantities of ocean water.”

such aspect involves the quantity of greenhouse gases in the
atmosphere and their rate of increase and the potential for
global warming to become self-sustaining.

It is accurate to describe lhe advance of global warming as
alrcady out of control. Recently published data for the years
2000 through 2004 show an astonishing average annual rate of
increase in carbon dioxide emissions of 3.2 percent—four
times the annual rate of increase ol 0.8 percenl during the
1990s.* The worst case of six scenarios published by ihe
Intergovernmental Panel on Climate Change (IPCC), predict-
ing a 6.1°C increase in temperature over pre-industrial levels,
has already been exceeded.

The time during which humankind can hold global warming
to tolerable limits may be short: among three thousand climate
researchers who participaled in a recently ended five-year
international study of global warming, a common, privatcly
held view is that the time left is shorter than ten years.* That
is not to say that global warming will be full-blown within a
decade, but rather that progressive and irrcversible eflecls
will by then be locked in and beyond humans’ ability to mod-
crate sufficiently.

As though rapid increase of greenhouse gases in the atmos-
phere and irreversible environmental damage were not threal-

“Steve Connor, “Global Growth in Carbon Emissions Is ‘Oul ol
Control,”” The Independent/UK, November 11, 2006. Accessed on
December 2, 2007, at http://www.commondreams.comi.

“*Private communications from three Intergovernmental Panel on
Climage Change (IPCC) climale researchers.
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ening eunough, even more disturbing is the prospect that global
warming mighl become self-sustaining. As Earth’s tempera-
ture rises due to additional warining, the rate at which some
natural sources injecl greenhouse gases into the atmosphere
also increases. This, in turn, increases the Earth’s temperature
even further, further accelerating the rate at which natural
sources ol greenhouse gases cnter the atmosphere. Such process-
es, well known to physicists are characterized as having “un-
damped positive feedback upon the input.” They are common
in nature and represent potential sources of unstable equilibria
that, il pushed too far, could continue to sponlaneously drive
environmental changes beyond the limils humans can tolerate.

If tipping poinis are reached at which natural sources of
grecnhousc gascs continue to increase and are self-sustain-
ing, then the biggest contributor to additional global
warming will be global warming itself. Although there is
greal uncerlainily in global-warming models as to how fast
such cffects will develop, consider the following three exam-
ples of positive feedback of greenhouse gases.

The small amount of global warming that has now occurred
is causing permafrost, a layer of earth frozen since the last ice
age, to begin melting. (One conlinuous area of permafrost in
Asia is larger than the areas of France and Germany com-
bined.) Permafrost contains large quantities of the greenhouse
gases methane and carbon dioxide, which are released when
the permalrost melts. This contributes to global warming,
which, in lurn, contributes to more rapid melting of perma-
[rost, and so forth.

A second example relates to the recent discovery that soil is
a deposilory [or carbon dioxide. The small amount of global
warming that has occurred has increased the rate at which soil
emits lhe gas. England has reduced its carbon dioxide output
[rom manmade sources more than any other nation. Even so,
by the end of 2006, the amount of additional carbon dioxide
emitled by English soil due to global warming slightly exceed-
cd the lolal amounl saved by all emissions cuts made in
England up to that time. As far as future emissions cuts are
concerned, England has already made all those that are lech-
nologically easy to achieve. Globally, soil may now be supplying
as much as 30 percent of the carbon dioxide that enters the
atmosphere.

A third serious example currently under discussion is the
possible future release of loosely bound methane {rom our
occaus. The ice covering the Arctic Ocean, for example, will
essentially disappear within thirty years. Melting ice absorbs
heat without causing a temperalure rise and, hence, may cur-
rently be retarding temperature increases in the Arctic Ocean.
But, after the ice is gone, the ocean’s temperature will begin to
rise. Also conlributing to the rise in ocean temperature will be
replacement of the ice on the surface of the ocean by water: ice
reflects 90 percent of the light falling upon it, bul ocean waler
absorbs 90 percenl ol that light and changes it into heat.

At the botlom of the ocean is a solid form of the greenhouse
gas melhane, in the form of hydrates which are very tempera-
ture sensitive. If the temperature of ocean-botlom waler in-
creases sufliciently, melhane will be released and enter the
atmosphere. Molecule for molecule, methane is twenty times
as efficienl as carbon dioxide in promoting greenhouse warmn-
ing. Aud there is a lot of it—ten trillion tons, much more than
all of the oil and coal on Earth. The last time ocean-bottom
methane was relcascd (some [ifty million years ago), most



organisms had a very hard time mainiaining their existence;
higher forms tended to die out.

These and other examples suggest that both manmade and
natural sources of greenhouse gases musi be addressed imme-
diately. It doesn’t matter what percentage of carbon dioxide
comes from human-made versus natural sources; we know
enough about the carbon cycle to know the ending (human
extinetion, along with that of much of the biosphere) if we allow
atmospheric carbon dioxide to continue increasing at its pre-
sent rate. Worse yet, this rate appears to be accelerating.

In principle, two approaches are available to us. One would be
the use of various technmques to reduce the output of some natur-
al sources—difficult because most natural sources are distrib-
uted over large areas. The other approach would be to employ a
practical survival technology that would remove and sequester
greenhouse gases after they enter the almosphere, irrespective of
whether they come from manmade or natural sources.

In our opinion, the capture and long-term sequestration of
greenhouse gases from the atmosphere is the most important
emergency measure that can be taken to cope with such fun-
damental problems as environmental destruction, global
warming, population increase, conventional methods of ener-
gy generation and use, replacement of planted areas by con-
crete and asphalt, and so on. But it is an emergency measure
analogous to placing a human patient on a heart-lung machine
to keep him or her alive long enough to fix fundamental prob-
lems. As such, we cannot rely upon capture and sequestration
of atmospheric carbon, or other purely compensating tech-
niques, by using them to avoid dealing with basic causes while
we continue life as usual.

Many of the necessary changes and technologies, however,
will require more time than we have left to contain global
warming. A conceptual solution is to immediately deploy cer-
tain “first-round technologies” to buy us more time—for exam-
ple, employing technology for large-scale capture and long-
term sequestration of greenhouse gases from the atmosphere.
The additional time the rapid deployment of first-round tech-
nologies may buy must be used to develop and deploy other
necessary technologies and to make other changes that
because their nature cannot be accomplished quickly.

Because there is no time left for further research and devel-
opment of first-round technologies, their implementation must
be achieved by (1) employing technologies that already exist
(or slight modifications of them) and are capable of being
rapidly deployed; and (2) synthesizing optimized sysiems cre-
ated from such existing technologies.

A LOOK AHEAD

In the second part of this essay in the next issue of FREE INQuIRY,
we will deal with the various impediments to the creation and
commercialization of first-round survival technologies.
Some impediments will come as no surprise:

e Large and multinational companies suppress technologies
harmful to them, such as in the case of oil interests restricting
the market for solar cell arrays.***

¢ Companies in areas requiring survival technologies can earn
a profit without their products conforming to the many
requirements of a survival technology—a major reason for our

**See the history of Solarex, its possibly illegal takeover by oil inter-
ests, and the subsequent restriction of sales of its solar cell arrays.

current environmental crisis. Profil motive alone does not
guarantee that fundamental technologies in the field of energy
will be survival technologies, and the companies that develop
them often do not have the knowledge, internal mandate, or
organizational structure to develop them as such.
* The economic benefits of some technologies are partitioned
among different groups so that these benefits cannot be con-
solidated on a single balance sheet. Solar cells, for exainple,
would have looked much more economically attractive de-
cades ago il the economic benefils associated with their lack
of pollution could have appeared on the balance sheets of the
organizations that purchased them.

But other significant impediments may be less familiar.
There are specific skills, different from those of basic research

“... by the end of 20006, the amount of
additional carbon dioxide emitted by English soil
due to global warming slightly exceeded the total

amount saved by all emissions cuts made in
England up to that time.”

and germane to creating first-round survival technologies, that
are almost extinet. Changes have occurred in multinationals,
defense contractors, and government labs that make it almost
impossible for these alternative development skills to be utilized
within these organizations to create survival technologies.

The culture of freedom and flexibility prevalent in many
small, high technology companies has enabled some of them to
creale such technologies. Some lechnologies, in fact, are piv-
otal in the battle to contain global warming, but access to cap-
ital with which to commercialize them is, for all practical pur-
poses, nonexistent.

Researchers at some university centers and government-
sponsored labs have incorreclly claimed thal certain badly
needed technologies are not yet ready for commercialization
and that they won’t be for at least five years. The effect is to
keep research funds flowing to these organizations for an
additional live years.

Not every survival technology can be driven by the profit
motive, and, if such technologies are to be deployed, it will take
governinent intervention that, so far, has yet to occur.

Finally, there is a fundamental obstacle that we have labeled
the “knowledge barrier.” It oflen accompanies the above-listed
impediments and arises when decision-makers who have little
or no [irsthand knowledge of technology—be they econouic,
financial, industrial or political decision-makers—attempt to
make decisions concerning technology. Fundamental limita-
tions arise when such decision-makers try to utilize, m a “sec-
ondhand” fashion, the knowledge of science and technology ex-
perts. These limitations result in decisions that are usually far
[rom optimum. If this flawed decision-making process contin-
ues, it will significanily reduce the likeliliood of creating, recog-
nizing, and deploying the technologies required for mankind's
survival at the very time that we may have only one last chance
to achieve and deploy them. HE
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