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Energy and the options for mankind

Tdm Mikkelsen

A medical researcher examines the world’s energy problem and makes some specific
suggestions as to how we can alter our ways of doing things in order to prepare for a

promising future.

The safe and sufficient supply of energy is
probably the most costly and complex of the
issues to be resolved by Homo cunctans,
procrastinating man, today on Spaceship
Earth. How will we provide enough en-
ergy—without adverse effects on the human
environment—beyond the year 2000? What
kind of energy can keep our generators
working beyond the twentieth and thirtieth
centuries?

To most people in the industrialized world
energy and petroleum are synonymous.
Every day, 45 million barrels each containing
158.9 litres (or 42 United States gallons) of
oil are transported from producers (mainly
the thirteen OPEC members, and of these
chiefly Saudi Arabia) to consumers, largely
in the western hemisphere. Annually about
16,500 million. barrels of oil are consumed
from a total world reserve estimated in 1975
to be 658,000 million barrels.! Each year an
additional 2 million tonnes of crude oil
pollute the oceans and coastlines during
transport, loading and off-shore production.?
If, to these 2 million tonnes, we add the
amount of oil and related material ending in
the sea that come from rivers, sewers, and
the fall-out of hydrocarbons emitted on land
by motor vehicles, the total amount of pol-

lutants from such sources is 10 million -

tonnes annually.®
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If the above-mentioned figures of demand
and supply were frozen, another forty years
would pass before the last drop of oil was
used in the year 2018, The reserves are not
all economically or technically recoverable,
however, and undoubtedly demand will
grow without the guarantee that supply can
follow. It is likely that new oil fields will be-
discovered and exploited (as in Alaska and
Mexico), and even though a political plug is
not likely to be dropped in the OPEC well
for the moment—although we have  wit-
nessed certain cutbacks in production for
various reasons—it must be realized that the -
end of the era of growth in oil production is
probably at the most only fifteen years
ahead.* It should also be realized that society
will have to find ways to manage the un-
avoidable transition from its present oil de-
pendency to a far greater reliance on other
energy sources.

The problems with coal ...

Coal, the 350-million-year-old - deposits - of
naked seed (or gymnospermous) plants, could
theoretically once again dominate the energy
market. Economically recoverable coal has
been estimated to amount to.737,000 mil-
lion metric tonnes equivalent of approxi-
mately 3,000,000 million barrels of 0il.5 The
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ultimately. recoverable world resources, ac-
cording to the. World Energy Conference,
amount to 11,000,000 million tonnes (equiv~
alent to 50,000,000 million barrels of oil). In
other words, economically recoverable coal
resources are at present calculated to be be-
tween four and five times the proven re-
serves of oil. At the present rate of energy
consumption; 737,000 million tonnes of coal
would - last’ approximately- 200 - years. If
necessary, coal could bridge the gap between
today’s oil and gas era and a future era of
renewable ‘energy resources.. But we must
not overlook the environmental impact that
would follow a transition to coal, even for a
few decades.

We know little about the long-term impact
on the atmosphere of fossil fuel combustion,
but we do know that when coal is burnt the
sulphur emission forms sulphur oxides which
react with-water to form acids which are
dangerous to health and the environment.
We know-too little about clean-burning
techniques—and too much about black-lung
disease and other respiratory ailments among
those who will have to work in the mines—to
go ahead without careful, time-consuming
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research and planning, Problems regarding
coal-sludge disposal will have to be solved in
advance, since it has been calculated that the
sludge generated in the United States over
a twenty-year period would cover 500 km?
to a depth of 1.5 m.® Although the cost of
coal is at present relatively low, its extraction
costs will probably increase fast, not least in

- Western Europe where mines are deeper and

coal seams thinner than, for instance, in the
United States. Finally, we should not forget
that potential users, industrial as well as

" domestic, have been perfectly happy. with
- “clean’, practical oil delivery for decades. It

would require very strong motivation to
convince consumers to adopt coal in place of
oil, not least because coal is just another
limited source of fuel with senously adverse
environmental effects. . :

- Coal can be converted into petroleum (by
the indirect, . or Fischer-Tropsch ‘liquefac-
tion) or it can be gasified. But cost estimates
of more than $16 a barrel for synthetic oil
and more than $13 per. barrel for methanol
seem to be inhibitive combining with a lead-
time. of approxzimately -ten years: before a
significant number of plants could be in
operanon

. L ‘and the perils of fission .’

I'feel safe stating that there is no need for
mankind 'to.venture further into an era of
nuclear fission:power. Those in favour of
nuclear fission plants (rightly) argue that
time is running out for conventional fossil
fuels; they (erroneously) insist that the fission
technology is an unconditionally necessary
development world-wide if we do not wish
to witness a substantial part of our traditional
materialistic civilization vanish in thm alr
like Shakespeare’s witches.

At present three prmc1pal types of nuclcar
power reactors are in use:.the light-water
reactor (using either pressurized water or
boiling water), the heavy-water reactor and
the fast-breeder reactor. These reactor types
carry out the same work as plants operating



with fossil fuel. They generate steam which
activates turbines attached to generators
producing electricity. There is.no magic
about this,

. In thermal reactors, the nuclear fuel
consists of fissile nuclei of uranium (U-235).
The chain reaction caused when the U-235
nucleus . splits, following, absorption. of a
neutron, is controlled (i.e. slowed down) by
a moderator with light nuclei such as those
of ordinary water or heavy water (deuterium
oxide, D,0).

The heavy-water reactor is dependent on
natural uranium as fuel and heavy water as
moderator. The. uranium is used only
once, and used fuel elements containing
uranium, plutonium and radioactive wastes
are stored—while we contemplate what to do
with these substances in. the future. At
present, they are not reprocessed.”

. For use in the light-water reactor, the
uranium has to go through enrichment pro-
cesses before fuel elements can be loaded in
the reactors. The used-fuel elements are
transported to reprocessing plants where
they are treated mechanically and: chemi-
cally to sort out (a) not only the remaining
uranium and other radioactive fission pro-
ducts, but also (b), notably, the plutonium
which for more than thirty years has been
used to manufacture nuclear weapons. Plu-
tonium may also be used as fuel-loading for
the third reactor type, the fast-breeder reac-
tor, which requires large amounts of plu-
tonium initially, The fast-breeder operates
with fast neutrons and.‘breeds’ more fuel
than it consumes, converting non-fissile
U-238 to fissionable plutonium by absorp-
tion of these fast neutrons. : .

There is a very real danger that plutonium-
loaded nuclear devices could be used either
by legitimate military forces or by militant
terrorist groups, That it is indeed technically
feasible for a talented amateur to build a
nuclear bomb was proved by an American
student some years ago and discussed
throughout the world. Enough plutonium is
already missing from ‘safe’ repositories of

this element to manufacture several danger-~
ous devices. As long as we have not met
the general demand for equal opportunities
for all and achieved peaceful settlement
of conflicts, fear of terrorists will grow
steadily as ‘national and global stability
diminishes—since no means for rendering
plutonium useless for weapons is known.®

The difficulties with other energy sources

None of man’s senses can detect radioac-
tivity. Accordingly, we do not know how
much damage has been inflicted already on
mankind and his environment by the stocks
of radioactive wastes scattered around the
world as well as by numerous bomb tests.
But we know enouoh of the potential dangers
to work incessantly on the development of
safe, renewable energy.sources in order to
render the nuclear fission plants obsolete
before they spread further. An additional
factor in favour of abandoning nuclear fission
plants is that the world’s deposits of high-
grade uranium and thorium ore will prob-
ably be exhausted simultaneously with the
exhaustion of petroleum.

Natural gas, as either associated gas
(i.e. gas in solution with oil or in a gas cap
above the oil) or unassociated gas (found in
structures where only natural’ gas can be
produced), is another substantial source of
limited energy at present supplying 4o million
households and 3 million businesses in the
United States.

Total, proven world reserves of economi-
cally recoverable gas are- equivalent to
386,000 million barrels of oil. The major
share is controlled by the OPEC' cartel.
Moody and Geiger have estimated that the
ultimately recoverable reserves are equiv-
alent to 1,400,000 million barrels of oil.?

Our supply of natural gas is at present a
minor problem compared to those of trans-
port and distribution from well to consumer.
The construction of- pipeline networks is
extremely costly, The alternative to pipe-
lines, the transport of liquified gas by tanker,
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is not very attractive. Not only will enormous
investments in liquefaction and regasification
technology be required to carry the gas in
special refrigerated tankers at —161 C, there
is also a growing fear of the casualties that
would follow the explosion of a- tanker in
port. There is reasonable doubt, as well,
regarding the vast investments required for
an energy source certain to run dry in the
foreseeable future.

Shale oil extractable from rocks heated to
about 500 C is not a realistic source of
energy. Not only does it present refining
problems (such as removing its nitrogen),
but there is needed a tonne of rock to pro-
duce 100 litres of raw shale oil. Solid waste,
estimated on the basis of a production rate
of a million barrels per day, is calculated to
be 1.7 million tonnes of rock daily.1°

Geothermal energy in the form of hot
brine has long been used in a number of
countries (Iceland, - Italy,- Japan and the
USSR) for domestic heating. This will
undoubtedly continue to -be an important
source of energy locally.

Water and plants as power sources

The indirect solar energies—water, wind
and photosynthesis—have attracted renewed
interest during the last decade. Hydroelec-
tricity and wind energy are attractive for
several reasons. They produce no chemical,
thermal or radioactive pollution; they pre-
sent no problems concerning fuel or trans-

port; and they are renewable. Hydroelectric -

systems-are well suited for the storage of
electricity. It is therefore not surprising that
countries with considerable mountainous
area, such as Norway and Switzerland, ob-
tain 100 per cent and 9o per cent respectively
of their total electricity consumption from
this source. In the United States and western
Europe, the greater part of the available
potential has already- been exploited, - but
vast areas of the developing world still have
much potential power to extract from hydro-
electricity.
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L It has

Wind power generated by windmills
has. been exploited for hundreds of
years, especially in the Netherlands where
20,000 windmills of 20 kW each were in op-
eration at the end of the eighteenth century.
been estimated that about
50,000 - windmills, having propeller diam-
eters of §6 m and an average power of 500 W,
would be required to produce energy equal
to a million barrels of oil per day.'* It is hard
to imagine wind energy as-a technology
of energy supply. Local use will probably
continue to be important in appropriate
areas of the world, ideally combined with an
electric storage system, either hydroelectric
or electrochemical (batteries). ,

Various ways of extracting energy from
plant matter have attracted interest. These
are mainly based upon the fact that each year
photosynthesis builds up and stores in plant
matter seventeen times more energy than
the world now consumes. So the growing of
plants for fuel has been proposed.!* Land-
based energy plantations are potential com-
petitors with agriculture and, considering
the scarcity of cultivable land for a growing
and increasingly hungry humanity, this ex-
ploitation of land is not recommendable.
Another type of bioconversion, namely the
process of burning municipal wastes or
converting it into-methane, is.well known
and highly useful in many parts of Europe;
it could and should be extended to other
parts of the world. The burning of residual
straw and other-agricultural wastes is in-
creasingly common, not least in Denmark
where more than 8,000 straw burners are in
operation. These and other bioconversion
technologies will continue to.be important
sources of energy locally. Necessary financial
and educational support should be developed
to expand these activities. T

The wisdom in solar energy
and nuclear fusion

The limit to solar energy lies beyond the
limits to life itself. This is an energy tech-



nology which can be supplied world-wide,
without adverse effects on either micro- or
macro-environment. Its technology is beyond
major political or economic manipulation,
thus making solar energy our most obvious
choice for a safe and healthy future. We have
already designed conversion systems for solar
energy, for the direct conversion for heating
of water and space domestically and indus-
trially, as well as for (a) refrigeration and
(b) production from heat of mechanical
power or electricity (by means of an inter-
mediate thermodynamic step). The last pro-
cess is usually called the photovoltaic effect.

In 1972, the world’s total energy consump-
tion was about 56 X 10'2 KWh, equal to the
solar energy received every year by an area
of 22,000 km? in a desert region. Such an
area constitutes only about 0.005 per cent
of the surface of the globe.’®* Including
storage losses, non-productive spaces and
losses in conversion efficiency, Wolfgang
Palz has calculated that a solar energy system
covering about a quarter of the area of
Egypt could theoretically provide all the
energy consumed in the world today.

Comparatively less is known about the
future prospects of nuclear fusion power.
(See the articles on fusion elsewhere in this
issue.) I include it among the realistic future
energy sources as an apparently attractive
potentiality, largely because the elements of
the basic fuel (deuterium and tritium, two
heavy isotopes of hydrogen) are ubiquitous
and virtually unlimited.

Fusion is the kind of nuclear reaction
that converts mass into energy inside the sun,
thus its technology is a matter of reproducing
the sun’s processes on earth. Since the oil
embargo of 1973, research has been inten-
sified substantially in this field. Significant
progress has been accomplished, notably by
Gerold Yonas and "his colleagues at the
Sandia Laboratories in Albuquerque!* and
by a group of scientists at the I. V. Kurchatov
Institute of Atomic Energy in Moscow,
among numerous others described in this
journal.

Replicating the sun’s processes

Two approaches towards nuclear fusion
have been undertaken. These are: magnetic
confinement schemes, where the gaseous
fuel is held within the reactor chamber by
means of strong magnetic fields; and inertial
confinement, relying on powerful laser beams
to implode fuel pellets of hydrogen isotopes.
To replace the rather inefficient laser beams,
researchers have undertaken 2 more prom-
ising approach-to fusion through inertial
confinement employing intense beams of
electrons and ions generated by high-current,
high-voltage electric pulses. These rather
simple, high-energy electron-beam acceler-
ators are produced at a cost of 2 per cent of
the cost of lasers of comparable energy.

To produce steam for turbines with a heat
source of 100x10°C is.a procedure at
present only operational for milliseconds at
a time. Apart from the tremendous problems
presented  (especially to metallurgists), in-
tricate problems calling for the most ad-
vanced technology—and even technology not
yet invented—must find their solutions be-
fore this energy source can be tamed for use.
It is obvious that there must be a substantial
risk of thermal pollution until we find ways
to divert the enormous heat to industrial use.
Since solar energy may not be sufficient or
feasible to. fulfil all human demand for
epergy, it is evident that the reproduction of
the sun’s processes on earth should be ex-
plored and financed intensively. This is so
not only because fossil fuels, and uranium
and thorium ores will be exhausted in the
foreseeable future, but also because the
hazardous storage of radioactive wastes from
fission reactors and the stockpiling of nuclear
arms would be brought to an end.

As outlined by Yonas, nuclear fusion
power is attractive for several reasons. A
thimbleful of liquid heavy-hydrogen fuel
would release as much energy in the form of
energetic neutrons as 20 tonnes of coal.
Secondly, provided the materials for the
walls of the reaction chamber are carefully
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selected, the fusion reactor would have fewer
radioactive by-products than a fission reac-
tor. Thirdly, there would be no possibility
that the fuel ore would melt down, in
memoriam Three-Mile Island.

Manr’s apprehensiveness about
innovation

Both sclutions . present innovation.” Many
people fear the challenge of innovation more
than they fear the obvious shortcomings of
the traditional energy strategies based on the
exploitaton of  fossils or the plutonium-
producing man-made radioactivities. .
When Denis Papin- built the first steam
vessel in 1707, this was innovation. When
James Watt perfected his own steam engine
sixty years later, this was also innovation.
When Hans Christian Oersted and Michael
Faraday made the basic. discoveries which
eventually made possible modern electrical
machines, society was curious but sceptical;
and when the industrialist,. Werner von
Siemens, and Sir Charles Wheatstone some
forty years later showed.how to make a
dynamo self-exciting, and Thomas Edison
finally switched on municipal electric light-
ing by means of a power plant built in
New York in 1882, the world was astonished.
All these events were somewhat frightening
innovations in the history of mankind.
Man constructed the internal combustion
engine, making possible the automobile and
the aeroplane. Man invented the turbine and
subsequently the jet engine. He had dis-
covered nuclear energy before Otto Hahn
could tell us, in 1938, how.to split- the
uranium atom artificially, and before Enrico
Fermi constructed the first nuclear reactor
in Chicago.in.1942. All these innovations
were preceded by seemingly unsurmount~
able challenges -and problems. Eventually,
all were surmounted. Some of the technical
complexities concerning solar energy applied
on the large scale necessary,. especially a
number of those concerning the taming of
nuclear fusion, seem to be insurmountable,
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But we shall be able to solve them through a
global effort to do so.

We have seen the price of petroleum rise
from $2.41 per barrel in 1973 to almost ten
times this amount Iess than six years later. To
me—as to most people, I suppose—it is not
possible fully to comprehend the mechan-
isms which underlie pricing. World opinion
tends to blame alternately the oil-producing
countries, the ‘seven sisters’ of the oil in-
dustry, and" the finite limits of oil for
the soaring prices. Cutbacks in production
are realities. Switching around supertankers
while on the high seas in order to reach the
port of maximum -profit is a well-known
tactic. The shortage of oil has encouraged
individual nations to deal directly with the
producing countries, thus short-circuiting
the big multinational distributors.

Back to j:he béginhing )

We must perceive all the elements making
up the transition we are experiencing. We
must make plans today for a realistic future,
rather than' hesitate until. the future has
suddenly become the present. -

It is inevitable that burning of fossil fuel is
related to serious adverse effects on - our
biosphere and-thus on human health, es-
pecially in.the congested and suffocating
megalopolises. In spite of the SALT II agree-
ment, nuclear-fission -technology has sup-
plied the so-called superpowers with nuclear
weapons sufficient to destroy ' civilization
several dozen times over. Insufficient security
systems have closed down Harrisburg and
other nuclear-fission plants, although we
have not yet experienced a disastrous melt-
down. Problems regarding “safe’ disposal of
radioactive wastes- have mot been. solved.
How can they be solved, when we do
not know wherc the*next earthquake will
occur? . - -

Even the productxon of fossﬂ fuel ie. ex-
cavating the crust and mantle of the planet,
sooner or later must create problems regard-
ing geological stability. In the United States,



well over 500,000 oil wells are currently in
operation. As fossil fuel runs out and nuclear-
fission plants are renounced or. closed for
time-consuming security checks all over the
industrialized world, we may be approaching
the final discussion about our remaining fuel
resources. Will this be a fierce and desolate
discussion without words? ‘

The birth of the universe and exact know~

ledge about is “prenatal’ and “neonatal’ events -

will most likely continue to be elusive sub-
jects. The age of the universe has been
estimated to be about 20,000 million years.
The Milky Way, our galaxy, is possibly
about 15,000 million years old; it has a
diameter of 100,000 light years and is dressed
in 100,000 million stars.

Dating of certain types of stony meteorites
by means of radioactive isotopes has made it
possible to estimate the age of our planet
as 4,600 million years. Aggregations of inter-
stellar gases and dust particles—at varying
distances from the core, or protosun, of
the rotating primordial cloud—formed the
larger, outer planets (Jupiter, Saturn, Uranus
and Neptune) and the smaller, inner planets
(Mercury, Venus, Earth and Mars). This
probably took place some §,000-6,000 million
years ago, about the time when our sun
began to shine.

Although our knowledge of the earliest
history of the earth is at best fragmentary,
we know that life was present approximately
3,400 million years ago. The earliest fossil
traces of soft-bodied metazoans are burrows
appearing in rocks younger than 700 million
years. In other words, for §,000~6,000 million
years the earth has received solar radiation
and metazoan life has flourished for 6oo to
700 million years by means of this radiation.
This life was also supported by a total
biosphere exploited in a cautious and intel-
ligent maneer.

Ways to solve the problem

Is Homo scientificus now going to disrupt his
successful evolution? Will we let Homo scien~

tificus destroy or seriously disable, in one
frantic century, the results of millions of
years of construction? Or are we going to
act in accordance with the immense responsi-
bility put on us all?

If we agree to honour a global mutualism
and rationalism, we have excellent oppor-
tunities to house, feed and supply with
energy the 6,200 million people we ines-
capably shall accommodate by the year 2000.

The dignified beginning of a new world
order of such rational mutualism should be a.-
unified effort to: (a) share the fossil fuel we
have left in an honest, minimum-profit
manner in order to bridge the gap between
today’s oil~gas-coal era and a coming age of
renewable energy supply; and (b) convert
the necessary shares of the $400,000 million
annually wasted on military absurdities and
the technological and scientific brainpower
devoted to military R&D to intensified re~
search and development in the energy tech-
nologies suggested: primarily solar radiation.
and thermonuclear fusion.

It sounds very simple, and it is very
simple. Merely a question of global common.
sense. The solution is so ridiculously simple
that no one seems to have dared to propose:
it on a world-wide scale, the only valid scale
now. I do not mind being ridiculed. Do you?
I would like to invite well-documented, well-
argued statements that, first, issues 1 and 2
cannot in fact be carried out, and secondly,
that there are other solutions that will
serve mankind significantly better in the:
long run—economically, ecologically, tech-
nologically, medically, politically and admin~
istratively.

I do not think we have time to invite
obsolete arguments from ignorant politicians.
not possessing the necessary vision and cour-
age, or from misguided scientists without a.
social conscience, or from individuals exclus-
ively devoted to the promotion of personal or
corporate profits. They have been heard too-
often, for too long a time.

We call ourselves Europeans, North
Americans, Asians, Africans, etc. But we are
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more. We are human beings, 2 unique species
on earth, where we have as our foremost,
self~perpetuating duty. to create decent lives
for ourselves by creating it for others. We
constitute one large species, Homo sapiens,
sapiens prior to being black or white,
European, Latin-American or Australasian;
We have long passed the day when ideo-

logical, egocentric quarrel was relevant. We
are in a new world—a small world—one in
which worn-out national boots no longer fit
to walk. Now we must succeed in creating
the new man for this world. Otherwise, our
once proud and vastly creative species will
commit the most perfect and most deplor-
ably futile suicide. O
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