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Abstract

Technologies are usually introduced at the market level when the context
requires them. To forecast when hydrogen will be introduced as an energy vector,
1 analyzed the co'nt.ext. of the level of the energy system, and at the level of the air
transportation system. Both contexts indicate for hydrogen fusl a commercial
introduction toward the end of the century. The main drive in the area of aviation
is the bottleneck in the increase in jet engines’ power that can be solved only by

going hypersonic.
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THE FUTURE OF HYDROGEN

An Analysis at World Level, With
Special Look at Air Transport

Forecasting has become a really interesting trade since I accidentally
discovered that the Volterra-Lotka equations of competition, originaily developed
for the biological reaim, fit so well human affairs. After all, the most penetrating

analysis of human virtues and frailties have often been done using images from the

animal world.

What comes out from an extended diagnosis of economic, social and cultural
processes is that the "system"” is extraordinarily well organized and behaves with
long term self-consistency. This means our will and initiative are certainly the
necessary driving force to keep it ticking, but that the objectives and timing have

betier to be adapted to the system context if we are chasing for success.

The analysis of the dynamics of energy markets in physical terms, or the pri-
mary energy substitution at world level, is reported in Figure 1, fitted with the
system of logistics solution of the Voliterra equations. I have probably shown this
figure a thousand times. Taking the eqguations in a predictive mode, it shows coal

and oil as the loosers, gas the winner in the medium term and nuclear plus fusion in

the long term.

The equations reported in Figure 1 give not only the trends but the precise
time pattern of events to come, and in order to boost the confidence of the
listeners, I usually show a forecasting-backcasting experiment (Figure 2) done into

the past, so that we do not have to waste time waiting for the future to come to us.
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The experiment consists in slicing twenty years of data oul of a time series of
about one hundred years, that of primary energy markets shown in Figure 1. The
slice is that between 1900 and 1920. Using only these 20 years of data, wé can fit
a set of equations and project them forward and backward in time. Then we super-
pose actual statistical data and compare them with the projected equations (Figure
2). Et voild. It might seem preposterous that in 1920 one could predict the market
share of oil in 1980 with a precision of a few percent, but it is just like that. And ]
reinforce the dose by saying one could have also predicted the flare of oll prices
at the beginning of the seventies and their ebb a dozen years later. [ certainly

predicted the ebb, if only in 1980.

Reexamining Figure 1, one sees the system moving progressively from wood to
coal, to oil, to gas. This means toward fuels richer and richer in hydrogen. This is
even more evident from the consumer side, were, e.g. ofl products are all richer in
hydrogen than oil itself. From a Darwinian point of view, it looks as if hydrogen

competes with carbon inside the fuel system and moves to win.

The observation can be put to test by looking at the ratio H/C for the mix of
fuels at any given time. These primary energies are very inhomogenseous stuff, but
I took some sort of w-eight.ed means, 0.1 for wood, 1 for coal, 2 for oil and 4 for gas.
The resuit is reported in Figure 3. Extraordinarily enough, the competition fol-
lows a logistic path, as it should in a 1:1 context. It shouid also give complete vie-
tory to the winner, but here the fuel richest in hydrogen., natural gas, has only a
ratio of hydrogen to carbon of 4:1. Should victory stay at BOZ? At this point we
can make the hypothesis that the system keeps going as it likes, in its usual way,
and we have to take care of its desideraia by providing extra hydrogen from an

external source, obviously water.

Such simple hypothesis gives us the possibility to calculate the time when

industrial water-splitting will start, using obwviously nonfossil primary energies.
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This means using hydro or nuclear. The next question is if the indications so con-
structed make sense in the general context. The dates, one can get from the fig-
ure, are late nineties for the world, and early nineties for the FRG, analyzed in the

same way. They are not contradictory as the FRG is a small nick at the world level,

As the primary source cannot be fossil fuels, because they are already
counted, we are left with hydro and nuclear as said already. Let us lock now at the
situation more in detail. Hydro, at weorld level, is still a fairly unexpicited primary
resource, even in a developed and capitalized country like Canada. The main rea-
son for that is most probably that electricity is a stuff quite difficult and expen-
sive to transport over thousands of kilometers. The thin power lines I can seen
when I fly over northern Canada are sitting in no man's land, going from nowhere
into nowhere, and make me shudder at the thought of the construction and mainte-

nance problems.

Being airborne, I repeatedly estimated that a couple of planes concocted by
joining the body of a Super Guppy {for volume) to a wing plus power plant of an
Antonov 22 (for lift), could shove the LH2 from a one Gigawatit (primary) electro-
lysis plant in Canada to a rocket site in the US. Even if the Gigawatts were 50, the
scale and complication seem treatable, and, if the final product has to be LHZ' the
scheme looks more aesthetic than a maze of power lines or a fleet of trucks. This
small detour into aviation is also motivated from the fact that LI-I2 has to learn to

fly, as we will see in a moment. The sooner the betier!

In the primary energy analysis of Figure 1, hydro does not even appear, being
less than 11 of worid level and finally nuciear energy will carry the thrust. The
eguation. against which it is presented in Figure 1, does not fit its actual penetra-
tion rate, but it shows how nuclear energy should hehave if it would follow the
rules of penetration of the fossil fuels. Ii penetrates actually much faster, and

this is due to the fact that nuclear heat is sold to a preexisting system with a dis-
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