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The question of renewable energy is first re-defined in the appropriate phy-
sical context. :

The question of primary energies use and substitution is re-defined in the
appropriate socio-economic {cultural) context.

The conclusion is that for the next future {50 years), the most likely use of
renewable energies is in special niches, where they can provide unique services
and are not in an all-out conquest of the global energy market.
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The image of the universe ia modern cosmologies is extreme-
ly dynamic. A guintessential flux as expressed by Heraclit, al-
most three thousand years ago. But the flux has now precise
gualifiers: what flows is free energy, or negentropy, continu-
ously destroyed. It is the destruction that keeps the universe -
going in a hierarchy of big wheel, small gear and tiny cogs, and
all subsystems in a sense compete for it.

In this vision nothing is really renewable, but many things
can be considered that way if taken out of context. The crops
that grow every year are renewable, as is the flow of light
from the sun, although the sun itself is not. But the cycle of
the crop is short in relation to our lifespan and that of the
sun very long, so long in fact that it makes no difference if we
consider it as eternal. We can in fact also forget the rest of
the universe as the sun, our prime mover, is so dominant. Out
of the radiation it pours into the black universe, the earth in
fact intercepts something of the order of 2 - 105 Tw.

This is almost pure free energy, but it is not put to good
use. Most of it "crashes" into the 300°K of the earth surface.
A few percent are channeled into the working of the atmospheric
engine. About three billion years ago, some very clever living
organisms, already hustling and bustling in the primeval soup,
found a way to divert some of the flux into their chemistry, by
inventing a complex gadgetry to split water, and using the hydro-
gen as a powerful reductant. (Three billion years later, solar
buffs are trying to do exactly the same.)

The gadgets were stupendous, and in a way or another we all
hang from them, although in relative terms the fraction of solar
flux channeled into the biclogical machinery is quite modest:
less than one per thousand. Still large however in terms of
human activity. 1In spite of all our agitation and waste we con-
sume, food included, something around 10 TW. World forests alone
have a metabeolism of about 100 TW. All in all, we are still at
the hierarchical level of tiny cogs. Obviously on earth.
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When man started acquiring his identity as a "talking monkey"
about three million years ago, his way of life did not differ
much from that of any other animal. He was scratching a life by
grabbing fruits, seeds, and occasional little animals for the
days to commemorate. The basic tenet being the Darwinian and
biblical maximization of numbers. In modern terminology, to
fill the niche. But the size of the niche depends on technology.
The first breakthrough in that sense was the control of fire,
acquired apparently about half a million years ago. It was
quintessential because it could transform stuff inedible to man
and other animals into digestible calories, via appropriate heat
treatment that weakened barriers and destroyed chemical defenses.

The second step was that of ecological interference and
control, by favoring and selecting plants capable of producing
large amounts of edible or transformable materials. During all
this time something remained constant. The "energy ratio", i.e.
the ratio between the "edible" energy extracted from agricultural
practice, and that put into them in form of direct and indirect
labor. This ratio always stayed between 40 and 50, and still
has this value in extremely sophisticated but unmechanized agri-
culture like the Chinese one.

Why ten thousand years of progress in agricultural practice
were not put to work in order to reduce human toil? The answer
is that they were all put to work to increase yield per unit sur-
face, and that means again maximizing number. And not by a fac-
tor of two. A hunter-gatherer needs about ten sguare kilometers
to survive, and a Chinese peasant about hundred square meters.
The ratio is five orders of magnitude.

The densification of human population permitted the ten to
twenty percent of "overhead" artisans, priests, medicine men,
merchants and bosses to coagulate into cities, the cradle of all
our civilization. Population density is actually the most im-
portant single factor in determining societal complexity and
technological evolution. I have in fact numerous arguments to
support the thesis that an essential component of the industrial
revolution was the densification of populations in Europe, due
to the breakthroughs in agricultural practices during the late
renaissance period, and the use of a "three gears" working ani-
mal, the horse, which greatly improved transportation, so favor-
ing conurbations. High population density and the progressive,
if slow, increase in energy consumption per capita, brought a
great increase in spacial density of energy consumption. This
was the essential component in the energy revolution.

Each source of energy is in fact a cluster of technologies
with certain economies of scale. If energy consumption per unit
area increases, the primary energies with higher economies of
scale will gain an advantage. Chopping trees and carting them
to town has little economies of scale. Opening a coal pit, a
lot. 5o coal got it over wood. Speaking of depletion may have
a sense locally. Forests still shed ten times what we want.

The only point is that the interfacing technologies do not work
properly. As the case of oil shows, with appropriate interfaces
we can take it out of the Northern Slope.

The final configuration with very dense spacial consumption

AevediATe, the grids: gas and electricity. The implacian ~f
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