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Chapter 1.
Humankind and energy

Let us review the relationship between humankind, the global environment,
energy, and resource problems.

Energy resources in historical times
First, let us briefly review the changes in energy technology. We will refer to the

materials of Marchetti [Nucl. Science & Eng., 90(1985) 521], an Italian physical
chemist famous for a hydrogen production method. He studied world energy
strategies at the International Institute for Applied Systems Analysis (IIASA). He
used the logistic function [= logarithm F/(1─F)] to show the historical changes of the

share ratio (F) of major energy sources used in the world. Figure 1.1 shows
Marchetti's work.
This chapter frequently refers to the logistic function. A familiar example of the

logistic function describes the growth of bacteria. The number of bacteria in a closed
petri dish does not increase rapidly in the early stages. At the intermediate stage,
the rate of increase reaches a maximum value and then gradually slows and
approaches the saturation point. If F is a function of time, and is the ratio of the
number of bacteria to its saturated number (fraction F), the growth curve is
symmetrically distorted around the inflection point in half way (F=1 at saturation
point). On the other hand, if instead of fraction F we plot the logarithmic value of
F/(1-F) (this is called the logistic function), we obtain a linear function of time. This
fact was discovered by Verhulst in 1845.

After World War II, the logistic function, already well known in biology, became
more widely utilized. For example, the partial replacement of incandescent light
bulbs by fluorescent tubes (market penetration) was well analyzed with this
function: that was how the use of the logistic function began. Thus, Figure 1.1 also
illustrates this logistic function.

Data on energy resources are available only from 1850. Although the share of
hydropower is about 3%, it is essentially used for flood control or environmental
measures. Dam construction is currently being cut back, making increases or
decreases over the long term insignificant. Thus, Marchetti excluded it from
discussion.

The baseline of Figure 1.1 corresponds to a share ratio of 1%, not 0%. In other
words, under the baseline, utilization below 1% market share will be considered
insignificant. Shares at this level are not expressed clearly because they are
unstable, immature, unimportant, or subject to rapid change. At the 30-50% share
ratio, the growth rate becomes highest. As a practical rule, the share ratio will not
exceed 50% so much, because human societies create monopolies when shares
exceed 50%. If the monopolies generate social problems, better technologies replace
them.

In the case of coal, the highest growth rate corresponded to the conclusion of the
British Industrial Revolution (the last years of the Victorian age, 1875-1900). The
coal age coincided with the life span of the British Empire. The oil age, which
started in Texas (U.S.), coincides with the American automobile culture, especially
in the latter half of the 20th century.
Oil symbolizes the prosperity of the U.S., which enjoyed its heyday around 1960.
This is supported by industrial indexes, such as the annual production of iron.
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Arguably, oil has been the largest cause of world conflicts and wars. Oil is passing
its peak. We are now shifting to the age of natural gas. Here also, Japan’s delay in
taking proper energy measures is cause for apprehension.

Towards the age of natural gas
The leading source of energy is shifting from oil to natural gas. This is a natural

result of society's desire to find cleaner and more economical resources. Natural gas
is clean because its main component, methane (CH4), is almost purely obtained as
gas. Crude oil is impure and heavily contaminated with sulfur, metals, and other
substances that are harmful to living beings, but natural gas is much less
contaminated. An additional advantage of natural gas is its high percentage of
hydrogen components. After combustion, hydrogen simply becomes water and is
harmless. Confirmed deposits of natural gas underground or in seabed (including
methane hydrate—methane encapsulated with ice) are sufficient for human needs.
Without natural gas, humankind will not be able to survive the first half of the 21st

century, in the author's opinion.
However, natural gas also has disadvantages. One is its diffusive quality. Because

methane is a light gas, it bears the risk of explosion. Another is its contribution to
the greenhouse effect when it diffuses into the atmosphere. This effect is 21 times
stronger (per molecule) than carbon dioxide (IPCC evaluation). Accordingly, well
controlled, advanced, large-scale technologies must be prepared for extraction,
transportation, and use of natural gas. For the time being, coal, oil and gas will
coexist.

Let me explain further. Compared to other energy resources, firewood (a pure
carbohydrate) contains many hydrogen components, and most of them become water
or carbon dioxide. Because plants absorb carbon dioxide in the atmosphere, it is
reasonable for global warming mitigation to plant more trees and restore some
firewood as biomass energy.

Are natural resources boundless?
Some think that fossil fuel deposits are still abundant; others think they are on

the verge of depletion. Recently, in the Japan Economic Journal, a specialist objected
to assertions of sufficient resources and insisted that oil deposits would be
exhausted in twenty years. It is not easy to deny this, because no one knows. Most
arguments about resources should be understood as the problems of business deals.
Because the search for resources is made for business reasons, 30 to 40 years’ worth
of resources is enough. To find more would cause a price collapse and cause trouble
for the investor. Although there is no need to dwell on this point, some specialists
want us to believe that resources will soon be exhausted. A country’s real resource
holdings might never be disclosed, as a matter of national security. Usually, we do
not know any details about what lies more than 10 cm below our feet.
My assertion is that all kinds of resources are effectively infinite. Resources were

not exhausted in the past. Moreover, their unit costs go down with time. This is
related to the fact that the leading resource changes over time. We should not think
that an expensive technology must be initiated because resources are almost
exhausted.

During my lifetime, I experienced many real examples of this. The following are
only a few of them:

Fluorine is one of the natural resources that we want to use extensively in the
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future (the reason is given in Chapter 5). However, during World War II, it was a
leading strategic material. It was indispensable for the electrolytic refinement of
aluminum for airplanes, and the only source available to Japan at that time was Mt.
Paektu in the northern Korean peninsula. Nowadays, however, abundant amounts
of fluorine can be obtained from soot. Gold has been the most precious metal to
humankind. Textbooks claimed that its deposits would last for only 20 years;
however, several 20-year-periods have since passed. If you want to believe that gold
will soon be exhausted, you should begin buying it up.
Of course, resources are geo-chemically finite. Price and difficulty of extraction

vary greatly. Further, inescapable limitations are associated with regional supplies
and time requirements for the extraction of large quantities of urgently needed
resources. Nevertheless, it is far more appropriate to assume infinite than finite.

For at least the next hundred years, it is safe to assume that all kinds of resources
are effectively infinite. This is a very important fact. Almost all existing energy
policies are based on the finite assumption, and those who deny the finite
assumption have been regarded as unorthodox. Although people decreasingly base
their logic for nuclear plants on finite oil resources, many have missed the true
energy argument. I am not recommending that resources should be wasted because
they are infinite. It is clear that if we waste, we must worry about waste disposal.
There is a method for estimating the quantity of each underground resource to “one

ten-thousandth of the total existing within one kilometer from the surface” [specific
ref.] (the U.S. Geological Survey). This value can be geo-chemically calculated to
about 500,000 tons for gold, 300 million tons for uranium and 1000 million tons for
thorium (the importance of this resource is described later). These are intriguing
values.

The finite assumption has been generally preferred because of the finite nature of
the environment. Of the various kinds of environments, the most fragile is the
atmosphere. The weight of the atmosphere on each square centimeter of the earth’s
surface is only 1 kilogram: a very small quantity. The atmosphere is relatively easily
contaminated, and in this sense it is finite. This fact may lead to the erroneous idea
that natural resources in general are also effectively finite. However, within one
kilometer of the earth's surface there are deposits of natural resources 300 times as
heavy as the atmosphere, and within 10 kilometers, 3000 times as heavy.

Another prediction based on the logistic function
Let us use the logistic function for a prediction. Marchetti's work concerning past

and present energy situations was introduced in Figure 1.1; let us now extrapolate
to the 22nd century using the following two assumptions:
i) From past examples, each basic energy technology plays the leading role for about
100 years, and its entire lifetime expires in about 200 years.
ii) From now on, the leading role will be played first by natural gas, then by nuclear
fission energy, and finally by renewable solar energy or possibly fusion energy.

The result is shown in Figure 1.2 (A). The use of natural gas is expanding. The
leading role of natural gas must be supported, as shown in this figure, by methane
hydrate use. For the time being, we know nothing about the starting point (1%
share of total energy) of the practical use of renewable solar energy. However, the
extrapolation is based on the hope that renewable solar energy (or possibly fusion
energy) can be introduced around 2025 with full-scale use at the end of 21st century.
By the end of this century, declining nuclear fission energy will be overtaken by
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solar energy, in our opinion.
In the future, private industry, rather than government policy, should finance

nuclear fission energy start-up. Industry will enable straight and sound growth.
Here, the term straight relates to the logistic function. Predicting energy
consumption requires its absolute value (rather than its relative value F—share
ratio), as discussed next.
First, the world's predicted total primary energy consumption is required, because

fractions (F) of various energy consumption are allotted as the share ratio relative to
this total value.

Predicting the total world consumption is a very difficult task. Past results were
illustrated as a curve by Marchetti's collaborator, as shown in Figure 1.2 (B). This
curve roughly shows a logarithmic increase; the yearly increase rate is 2.3 %. Let
us extrapolate this to obtain the predicted value for the 21st century.

I am not asserting that this value of 2.3% is certain. However, a larger growth
rate is not desirable from the environmental viewpoint. Developed countries are
beginning to reconsider unrestricted energy consumption. Besides the technical
improvements required for higher efficiency, there is also a need for reducing
consumption through energy-saving policy based on social ethics.

On the other hand, a growth rate lower than 2.3 % is not likely. In the first half of
the 21st century, a rapid consumption increase seems inevitable because of the
population explosion and improvements in living standards in developing countries.
Considering these factors, the value of 2.3 % was chosen with some confidence.

The compound increase at this annual rate of 2.3 % implies that consumption will
double every 30 years. After 100 years, it will increase by exactly ten times. This is
not a small value.

Limitations of heat-emission type energy technology
All the important energy technologies discussed so far use thermal energy.

Thermal energy is obtained from burning fossil fuels and nuclear fuels (lying
underground to be mined later). Let us call these heat-emission type energy
technologies. Heat warms the atmosphere and raises the temperature of the earth’s
surface. Moreover, in the case of fossil fuels, there is apprehension about a rapid rise
in global temperature from the greenhouse effect. Nor should we overlook chemical
contamination of the global environment from handling huge amounts of chemical
materials. Considering the disadvantages of heat-emission energy, I will propose the
use of nuclear energy. However, before starting that discussion, I would like to
consider exothermic energy in general. This is an indispensable point in grasping
the concept of nuclear energy use.

Presently the world population is distributed in irregular concentrations, and this
tendency is going to be intensified by the human desire to live in large cities.
Furthermore, the energy-use distribution on the ground—in other words, the heat
generation distribution—approximately coincides with the uneven population
distribution.

The resulting heat island phenomenon could contribute to the frequency and
intensity of abnormal local weather. This effect could cause intolerable calamities
within the next few years. There is widespread opinion that wind-speed mitigation
for new building construction IN JAPAN? should be revised from the present value
of 50 m/sec to 75 m/sec. The quantity of energy used by humankind doubles every 30
years, but more intense increases occur locally.
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In 100 years, the quantity of energy used by humankind will average about ten
times that of today. As shown on the upper part of Figure1.2 (A), this quantity
corresponds to one-thousandth of the total solar heat falling on the earth. Even
today, when the corresponding figure is one ten-thousandth, unusual weather is
beginning to occur. Therefore, because of this ten-fold increase, the author
recommends that all the exothermic types of energy should retire in the latter part
of the 21st century. Of course, nuclear energy as a whole is included in this type of
energy. By the end of this century, non-exothermic renewable solar energy should
play the main role, in the author's opinion. Nonetheless, various energy technologies
will not completely disappear; they will still have a partial role.

Let us note further that even solar energy technology could cause problems if it
depends on power generation in space (and transfer to the earth). In this case, an
artificial satellite or the moon would be used. A large-scale introduction of energy—a
few tens of percent of the total human consumption—implies additional heat
(similar to exothermic type energy) that could disturb the global environment. Space
power generation using nuclear fusion is not appropriate either. By contrast, a
small-scale introduction would make an insignificant contribution.

Although this conclusion is strongly stated, such thought experiments are useful
for understanding world energy policy. The retreat of nuclear fission energy at the
end of the 21st century relates to the policy of burning nuclear wastes. This will be
treated near the end of Chapter 8.

The period in which we are most interested is 2070-80. Though the predictive
accuracy for later periods decreases, the essence of my discussion will not collapse.
Therefore, let us return confidently to the prediction of nuclear fission energy use.

If the predicted results of Figure 1.2 (A) and (B) are combined, we can find the
predicted scale (absolute value) of the nuclear fission energy industry required in
the 21st century—shown in Figure 1.2 (D).

From this, we see that the future total amount of nuclear energy generation will
become 500—1000 times (900—2000 TWe• Y) bigger than the past total nuclear

power generation of about 2 TWe• Y.

In this figure, all the discussions about primary energy relate to electric power.
There are many forms of energy besides electricity, such as propulsion and space
heating, etc. including hydrogen in form, for example. Energy use is further
complicated by its efficiency. Separate discussions for each might cause us to lose
insight of the big picture. Therefore, from now on, for convenience sake, we will
always speak in terms of electric power.
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