Chapter 3
“Vision 2050 to the Rescue
of a “Limited Earth”

Next let us consider the second paradigm—“The Limited Earth.” The problems
caused by the fact that the Earth is limited are far-reaching. These include not only
energy, resources, global warming, air pollution, water pollution, ground pollution,
food, and water, but also—if we think broadly—such problems as the widescale
spread of infectious diseases of people and livestock. The reason is that the probabil-
ity of virus mutation and transmission increases along with the probability that wild
animals come into contact with livestock, livestock with other livestock, humans
with livestock, and so on. And in turn, the probability of contact on the limited sur-
face of the Earth increases in proportion to the square of the population density.

“Vision 2050 has been proposed as a solution to three of these issues, namely
energy, resources, and global warming. These three problems are deeply interre-
lated, with each problem and response coupled to the others. Therefore these three
issues must be solved at the same time. That solution is “Vision 2050, a model that
the world should aim for in order to solve these problems confronting humanity.

Of course, “Vision 2050” does not include other problems facing our world, such
as terrorism, political conflict, or eradication of poverty. While it does narrow down
the focus to the material foundations of the overarching picture, in order to solve
these three problems, it is a vision that gives structure to and integrates fragmented
and scattered knowledge, thereby providing a whole picture of these issues.

Vision 2050

As a world model, “Vision 2050 is a comprehensive model that, under the assump-
tions of growth of developing nations and maintenance of living standards in devel-
oped nations, aims to solve the problems of energy, resources, and environmental
conservation. That is, (1) tripling energy efficiency, (2) building a system for mate-
rial cycling, and (3) doubling the use of non-fossil fuels.
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If in the future all the countries of the world, including developing countries, are
to enjoy the living standards of the present developed world, then it is clear that
colossal amounts of energy will be necessary. It is projected that the world’s popula-
tion in the year 2050 will be slightly more than 9 billion, but if that is indeed so, then
energy consumption will likely rise to three times the present level (Komiyama
1999a; Komiyama and Kraines 2008). If we simply let things take their own course,
the world will rely on fossil fuels such as coal and oil just as in present-day China,
and it will be unavoidable that the concentration of greenhouse gases, beginning
with carbon dioxide, will rise even further.

On the other hand, if income levels rise, it is highly probable that around 2050
the population increase centered on developing countries will also halt, and the
global population will peak at approximately 9.1-9.6 billion and thenceforth slowly
decline. Thus, from now until 2050, if we hold in check the increase of the burdens
on our Earth by planning for thoroughgoing energy conservation, recycling of
resources, and the use of green energy, then the Earth will likely continue to provide
a sustainable foundation for humankind.

The grave issue is the fact that the rate of the Earth’s response is slow. For
instance, even if at some point the concentration of greenhouse gases reaches a fixed
level, the sea-level rise from global warming will continue for a 1,000 years after
that point (IPCC 2007). This is because the water temperature of the deep oceans
will lag behind and continue to rise. The bottom line is that we are reaching a state
where we will no longer be able to stop global warming. For this reason alone we
must take action without a moment’s delay.

Just as it is from the standpoint of population projections, I believe that the year
2050 will be a major crossroads for the Earth and for humanity. However, the reality
is that achievement of even the modest goals of the Kyoto Protocol is in a difficult
situation. Therefore, taking into consideration the speed at which people’s agree-
ment can be molded and the rapidity of technological progress, it is most logical to
exert ourselves with the year 2050 fixed as our goal. And so it is “Vision 2050.”

Even If the Number of Automobiles Quadruples,
Energy Consumption Can Still Be Reduced

Let us test from a theoretical and technical standpoint whether “Vision 2050” is
possible. Regarding the appropriateness of the first goal of tripling energy effi-
ciency, I have arrived at the conclusion that this is indeed possible by investigating
all of the principal categories of energy consumption. I have comprehensively
investigated not only my own field of specialty, petrochemistry, but also the so-
called raw materials industries which, even in the manufacturing domain, consume
energy on a massive scale, such as the steel industry, paper and pulp, and glass. (My
works Chikyuu Jizoku no Gijutsu [Iwanami Shoten] and Chikyuu Ondanka Mondai
ni Kotaeru [UP Sensho] contain more on these topics (Komiyama 1995, 1999a, b).
Please consult them for further information.)
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Fig. 3.1 Automobile energy consumption to 1/10 at 2050. (Data from Yahoo! Jidosha)

When we consider energy consumption, it is wise to divide the consumption into
energy that is consumed in order to make things and energy that is consumed when
these produced items are used.

First, as an example of the latter, let us look at automobiles. Automobiles con-
sume 15 % of all energy used, and the effort to save energy in this area is one of the
most important issues on the consumption side (Agency for Natural Resources and
Energy 2012).

When cars run, energy is dissipated in the friction between the tires and the
ground. To be more precise, when the speed exceeds 100 km/h (kilometers per
hour), the effect of air resistance also comes into play, but up to speeds of 70 or
80 km/h at which a car travels on ordinary roads, the issue is almost entirely the drag
arising from tire on road. If there were no frictional drag, after a certain speed is
reached then the car would continue to move without using any energy. The theo-
retical limit of energy required for lateral transport is zero.

In fact, these days “energy-saving car races,” in which entrants compete over
how far they can travel using one liter of gasoline, are taking place all over the
world. In an international race in 2009, the winning team from Switzerland amaz-
ingly ran over 5,000 km. How many liters of gasoline did they use to travel 1 km? If
you calculate one liter divided by 5,000 km, it is extremely close to zero. The Swiss
team’s car weighed 25 kg, and the woman who drove it weighed 45 kg, for a total of
70 kg, so compared to an ordinary car the weight was almost zero. In short, this
proves experimentally that if the weight of the car is close to zero then it can run a
long distance while using hardly any energy.

Accordingly, let’s plot a graph (Fig. 3.1) with the number of liters used to travel
1 km on the vertical axis and the car’s weight on the horizontal axis. If the
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technology used is the same, then the points fall on a straight line with a positive
slope passing through the origin (i.e., the heavier the car, the more gas consumed).

Please have a look at Fig. 3.1. The line on top is for U.S. and European carmakers
such as GM and Volkswagen, and the one beneath it is for Japanese manufacturers.
As you can see from this graph, if you compare Japanese cars to Western cars of the
same weight, the fuel economy of Japanese cars is about 20 % better. The fact that
the energy efficiency is 20 % higher for a car of the same weight means that this is
not a case of better fuel economy because the car is lighter, but rather that the energy
efficiency is high because the technology is good. Furthermore, if we move to
hybrid cars, than at the same weight the car runs the same distance on half the fuel.
If we then move to electric vehicles or fuel-cell vehicles, this is cut in half once
again. Incidentally, the data point for the Swiss team mentioned above is practically
on the origin of the graph.

In the future, if the automobile weight reductions continue and the weight is cut
by about half, and electric cars or fuel cells come into wide use, the energy con-
sumed by cars will fall to 1/2 (from the weight reduction of the car frame) times 1/5
(=4/5%1/2x1/2), or 1/10 of the present value. This shows the possibility that in the
future, even if the number of vehicles in the world grows to triple the current num-
ber, because the amount of gasoline consumed by each will be one tenth the level
now, the total energy used will be about one third.

Electric vehicles and fuel cell vehicles run on a motor without using a combus-
tion engine. Compared to the case where such an engine is used, the number of parts
that reach a high temperature is small, and so the necessity to use steel as material
for the vehicle’s parts is reduced. Because lighter materials can be used, it is possi-
ble to reduce the vehicle’s weight.

However, the reduction of carbon dioxide emissions by a large margin from the
high energy efficiency of electric vehicles is limited to countries like Japan which
have a high efficiency of electricity generation. For example, compared to a coal-
fired electricity generation efficiency of approximately 38 % for Japan, in China on
average it is on the order of 28 %, and in the United States it is 30 % or so. As a
result, in countries such as these, even if, owing to the spread of electric vehicles,
carbon dioxide emissions during vehicle operation are reduced, the emissions from
electric power plants will rise. Moreover, because nearly all of China’s thermal
power plants do not desulfurize emissions, air pollution assumes serious propor-
tions. In these countries, it is necessary to come to grips with these problems in a
comprehensive way, by among other things strengthening energy conservation and
instituting pollution countermeasures.

It is projected that the world’s population will reach about 9 billion in the year
2050 (United Nations, New York 2011). At that time, supposing that most countries
of the world reach the same level of development as the present-day developed
nations and own automobiles at a proportion of just under one vehicle per two peo-
ple, the number of vehicles in the world will be more than 4 billion. As there are
now about 1 billion vehicles in the world, the number owned will quadruple.

In general, a great many people make an argument along the lines of the follow-
ing: “If the Chinese all come to own a household vehicle, and if this trend spreads
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to India as well, then nothing can be done to save the global environment.” But that
kind of argument does not take into account the advance of technology.

The reason that arguments about the energy consumption of vehicles time and
again become vague is that they are not based on an orderly theory. And so they do
not reach a clear conclusion regarding the extent to which the energy efficiency of
automobiles can be improved. For instance, in the graphs of fuel economy used in
automobile catalogs, because it is often the case that engine displacement is shown on
the horizontal axis and fuel consumption on the vertical axis, it is not possible to com-
prehend how far energy efficiency can be improved through technological progress.

If, as in Fig. 3.1, on the vertical axis we plot the number of liters of gasoline used
to run 1 km and on the horizontal axis the weight of the vehicle, from the very
beginning we may come to see the future. In short, for the energy consumption
required to propel a vehicle, zero is the theoretical limiting value. In the example of
the Swiss team mentioned previously, the fuel efficiency was close to this limit and
falls near the origin of this graph. Through the development of energy conversion
technology and lightweight material technology, how close to this origin we can
come is in fact the goal.

Thinking in this way, even if the number of cars cruising through the world qua-
druples from the present number, if the energy efficiency is five or even ten times
the current level, then the energy consumed to power these vehicles will decrease.
That this is possible has been shown by theory; the forecast for technology provides
the view of how it is possible to approach this theoretical limiting value. To sum up,
in the case of automobiles, realizing the technology to approach the theoretical lim-
iting value is the answer to the problem of a “Limited Earth.”

Not only for automobiles, but also for such devices as air conditioners and water
heaters which use a great deal of energy, the gap between the theoretical limit and
the present state is large, and there is ample room for improving energy efficiency.
This fact is one of the grounds for the possibility that technology can contribute to
the future.

Energy Conservation Can Be Realized Economically

Automobiles provide an example of something humans make that consume energy
when they are used. Let us consider cement as an example of using energy to make
something.

Figure 3.2 shows the amount of energy consumed in producing 1 ton of cement.
Cement is made using limestone, clay, silica, etc. as raw materials, but because it
involves an endothermic reaction energy is always required. In the production of
cement, Japan’s energy efficiency is overwhelmingly better than that of other
countries.

Japanese cement companies, by significantly improving the production process
from wet process to dry process to suspension pre-heater (SP) and then to the new
suspension pre-heater (NSP) process, have up until now reduced energy
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Fig. 3.2 Energy Consumption for Cement Production. Source: Japan Cement Association

consumption. At present, all of the cement plants operating in Japan have adopted
the newest NSP process. Through this technological progress, for cement produc-
tion the energy efficiency has already come down to 1.6 times the theoretical limit-
ing value, having fallen to the point where further reductions are difficult.

However, if we look at the entire world, there are still many countries where
energy consumption can still be reduced. As can be seen in the figure, for instance
in the U.S. producing 1 ton of cement uses 1.6 times the amount of energy used in
Japan. The reason is that the U.S. has adopted a policy of holding energy prices at a
cheap level. Likewise, China, which produces more than half the world’s cement,
uses 1.6—1.7 times as much energy as Japan.

These facts offer the following two important insights. One is technology trans-
fer. For countries like Japan possessing the most advanced production processes,
further reducing energy consumption is difficult. However, if China introduces
Japanese technology, the energy consumed to make the same 1 ton of cement can be
significantly reduced.

Energy consumption falling from 1.7 to 1 means a 40 % reduction. Because the
energy consumption of one country which produces half the world’s cement is
reduced by 40 %, the effect of controlling energy use and carbon dioxide emissions
is extremely large.

China too is embracing the idea of a “Green China,” and awareness is increasing
of the need to reduce the burden that economic growth imposes on the environment.
However, considering the scale of the economy, energy consumption is excessively
high. Introducing established technology with high energy efficiency is surely
China’s responsibility as a great power of the world.

This is where the energy-conserving technology that Japan has amassed comes
in. As we have seen in the case of cement, in the world’s energy efficiency, there is
a gap between respective countries or factories. If superior technology diffuses
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throughout the world, that alone would bring about a drastic reduction in energy
consumption. And this will also provide an excellent business chance for Japan’s
industrial sector.

The improvement of the entire world’s energy efficiency will be brought about
by the development of state-of-the-art technology and the transfer of established
technology. We must realize that Japan is in an advantageous position both in “tech-
nology development” fields where there is still room for improving energy effi-
ciency (such as automobiles, air conditioners, etc.) and also in “technology transfer”
fields where the improvement of energy efficiency is already nearing its limits.

One more important insight is that the improvement of Japanese energy effi-
ciency took place in a free market. In short, Japanese cement companies were able
to raise their energy efficiency because this was realized in an economical way. To
build a new plant, capital investment is necessary. In other words, it is the case that
these investments were undertaken because, through the increase in energy effi-
ciency and reduction in energy costs, the investments could be recovered.

Similarly, it is not true that the improvements in energy efficiency of Japan’s
coal-fired thermal power plants were pursued with the Earth’s environment in mind.
Because by implementing these improvements energy costs could be lowered and
the investments recovered, the capital investments were made and the efficiency of
coal-fired power plants was raised. Actually, in the case of Japan’s coal-fired power
plants, the energy efficiency with which coal is burned and converted into electricity
reaches as high as about 40 %, but in China on average it is on the order of 28 %,
and in America 30 % or so (Ecofys Netherlands 2010).

In today’s world, there is an excess of capital but it lacks a place to go. As a
result, too much investment has flowed into securitized financial instruments
intended to produce money from money, and this brought on the financial crisis.

In contrast, investments in energy-conserving technologies, by actually lowering
energy costs, produce value and have a high chance of being able to recover the
capital. Of course, energy conservation technology investments are not the types of
thing that yield the huge annual returns of 20 or 30 % that Wall Street shoots for.
But, if investments are made in areas and promising technologies able to conquer
the problems of a “Limited Earth,” owing to the reduction in energy costs, annual
returns of 3—5 % can be expected. If capital can be directed into such fields, it will
be possible to solve the problem of global warming.

The Reason Why Recycling Is More Energy-Efficient

Next let us turn to an explanation regarding the construction of a “material cycle
system.” A material-cycle type system is, simply speaking, a recycling society.
What is important for humanity is that recycling reduces energy consumption.
Let’s consider steel and aluminum as examples. Producing steel from iron ore is
a process of turning iron oxide into iron. Since iron ore is an oxide, oxygen is
removed from it using a blast furnace and thereby iron is produced. This reaction
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that removes oxygen is called reduction. For it to occur reduction energy is necessary.
In contrast, when new iron is produced from scrap that is used iron waste, energy is
required to melt the iron. This is called the heat of fusion.

If we compare the reduction energy to the heat of fusion for iron, we find that the
reduction energy is 27 times larger. In other words, producing the same amount of
steel from iron ore requires 27 times more energy than producing it from scrap.

This is the reason why even now scrap is being commercialized. As of 2009, of
the world’s steel production of approximately 1.4 billion tons, 1.0 tons is produced
from iron ore and 0.4 tons from scrap. Already 30 % of the iron raw material is
being recycled.

After steel, aluminum is the metal used in greatest quantity; the bauxite from
which it is made is, like iron ore, an oxide. As opposed to this, aluminum scrap is
just metallic aluminum. Producing aluminum from bauxite uses 83 times more
energy than producing new aluminum from aluminum scrap.

The ratio of theoretical values is 27 times for iron to 83 times for aluminum.

For the case of aluminum—which is different from that of steel—whether it is
produced from bauxite or from scrap via electrolysis, in either case electricity is
used. Therefore it is easy to compare the energy efficiencies. Compared to the theo-
retical ratio of 83 to 1, in an actual factory the ratio of energy consumption is on the
order of 30 to 1. Even so, from the standpoint of energy consumption, scrap alumi-
num is far and away a better resource than the natural ore. As we can see from this,
the recycling of metals allows us to reduce energy consumption.

Here too the year 2050 is a critical juncture. By 2050 it is projected that most
countries, including China and India, will approach the state of “saturation of man-
made objects.” Take automobiles, for instance: Humankind as a whole is expected
to own more than 4 billion of them by 2050. In that state saturation will be reached
and the number of vehicles owned will hit a ceiling, after which it is anticipated that
there will be no great changes.

Under those conditions, assuming the average service life of an automobile to be
10 years, each year four hundred million vehicles will be sold and four hundred mil-
lion will be disposed of as scrap. It must be noted that at that time, all of the material
resources needed for new vehicles will be contained in the scrapped ones. When this
becomes so, it will be possible to make four hundred million new vehicles from the
scrap of four hundred million vehicles. Naturally, this represents the extreme case,
but if a societal system can be created in which recycling is carried out successfully,
then in 2050 new mine resources will become unnecessary. What is more, in prin-
ciple recycling results in less energy being consumed than making new products
from mineral resources dug out of the ground.

Now, of course it is not possible that new resources will become absolutely
unnecessary. The main reason is that impurities are mixed into scrap.

For example, the steel cans used for beer and other drinks and formed into a can
shape at one go by applying pressure to flat metal sheets. But for this purpose the
steel must be of high quality, lest cracks appear. In fact, in high-purity steel, small
amounts of other materials are intentionally admixed in, but it is difficult to make
such high-quality steel from scrap.
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For this reason, it is not the case that everything can necessarily be made from
scrap; about one tenth of all steel used will contain new steel, and the one tenth of
the used steel that has truly become impure will be discarded. In other words, I
believe that in the actual shape of things to come, nine tenths of used items will be
recycled.

Up until the present humanity has dug iron ore from the earth, and reduced it
with coke to produce steel, thereby accumulating it as a man-made object. Before
long these man-made objects will saturate and society will evolve so as recycle the
steel already in existence in the world. This is what I have called the “material cir-
culating society,” and I expect its arrival by roughly the year 2050.

“Urban Mines” Are Not an Urban Myth

Not only steel and aluminum, but other metal resources such as copper can be recy-
cled in the same manner. Take gold for instance. The gold ore dug from mines is
said to contain per ton 5—10 g of gold, and at this level it is high grade. In contrast,
a 1 ton collection of cell phones contains 250 g of gold, and can be said to be a much
higher grade of gold ore than that from mines. This is the reason they are called
“urban mines.”

In thinking about the future, the lithium used as a raw material in batteries is also
critical. In producing rechargeable lithium batteries, from the very start recycling is
considered to be a premise. At the present time, since the diffusion rate of lithium
batteries is still low and the saturation state of “man-made objects” has not yet been
reached, it is necessary to manufacture the batteries by mining lithium resources.
Naturally, because of this it is a precondition that Japan not lose out in the competi-
tion for resource acquisition.

However, if we set out to create a recycling system for lithium batteries from the
outset, after 20 or 30 years we will possess a sufficient amount of lithium battery
capacity for the needs of society and anything above this will be unnecessary. At
that time, if a lithium battery recycling system has been set up, there will be no need
to mine and import lithium resources.

This is an optimal arrangement for Japan, which is lacking in resources. It is also
a model that humanity should aim for.

Three Points for Building a “Material Circulating Society”

If a “material circulating society” can be created in this way, humanity will be liber-
ated from the resource depletion problem, one of the triad of problems of energy,
resources, and environment. The problem is how we go about constructing this re-
circulating society. Necessary to successfully re-circulate resources are the follow-
ing three things: a societal system for recovering resources, product design that
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allows for easy separation of resources, and the technology for separation. The
direction of the future is to construct a material circulating society via these three
avenues.

Regarding the societal system, the cooperation of citizens will probably also be
necessary. It may well be good to consider a system where money is paid and resources
are collected. Formerly, the disposable camera (the so-called “QuickSnap”) was a
case of building up a system for resource re-circulation. As long as the resources
come to be naturally collected, because in principle using recycled resources con-
sumes less energy at a lower cost, the resources will come to be re-circulated smoothly.

It is certain that the material circulating society will be a more complicated soci-
ety than the old one. Steel was made by digging up iron ore from the earth and
removing oxygen from the iron ore in a blast furnace. Producing it in mass quanti-
ties, using it in mass quantities, and discarding it in mass quantities: this was the
way of the world through the twentieth century.

In the re-circulating society, once something is used it will be collected and re-
used. It is a fact that constructing a system in which resources are not dug out of the
earth will be a difficult business, but a re-circulating society is a more advanced
society and humanity has no choice but to make such a society its goal. The reason
is that we are already being confronted by the global warming problem, and more-
over, in the not-too-distant future our resources will be exhausted.

At Present 80 % of Our Energy Relies on Fossil Fuels

We have explained that if we can raise energy efficiency we can greatly reduce
energy consumption, and that if we can realize a recycling society we can greatly
reduce mineral resource consumption. Next let us consider whether we can double
our use of non-fossil energy in order to lower the fraction of our energy that relies
on fossil fuels.

At the present time, broadly speaking about 80 % of the world’s primary energy
supply relies on oil, coal, and natural gas, which are fossil fuel resources. Of this
80 %, the ratio is about one third for each of these three sources. The two big prob-
lems with fossil fuels are that they release large amounts of carbon dioxide when
burned, causing global warming, and that sooner or later they will be depleted.

The remaining 20 % is made up of non-fossil fuels, of which nuclear power and
hydropower each contribute 5 %, and biomass derived from plants contributes
10 %. Present-day biomass is, simply stated, “firewood,” and mainly in developing
countries it provides much of the energy used for cooking.

Assuming that the world’s population continues to increase as it has and the
growth of emerging countries like China, India, and Russia continues and they reach
the level of today’s advanced nations, in around 2050 roughly three times more
energy than now will be used. Because “Vision 2050 aims for triple the energy effi-
ciency (i.e. one third the primary energy consumption), supposing that this can be
realized, the total amount of energy consumed in 2050 will be no different from the
present. Presupposing these conditions, the proposal of “Vision 2050 is to reduce
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the share of fossil fuels from the current 80 to 60 %, and to raise the share of non-
fossil fuels from 20 to 40 %. It is thought that nuclear, hydro, solar, wind, biomass,
and geothermal are realistic components of this 40 % (Komiyama and Kraines 2008).

Nuclear Power as a Transitional Energy Source

If we say we are going to reduce our use of fossil resources, as alternate sources we
have only nuclear energy, solar energy (including biomass, wind, and hydro, all of
which are ultimately derived from the sun’s energy), and geothermal energy.

For nuclear energy there are the two options of nuclear fission and nuclear fusion.
Whether nuclear fusion can be put to practical use and largely relied on or not is unclear
at this time. Even if it does become possible, like large-scale geothermal, it probably
won’t be until the twenty-second century. In light of this, until that time we can only
count on the nuclear fission path of what is now called nuclear power generation.

But still, can humanity rely entirely on nuclear energy in the future? That too
would no doubt be difficult. If nuclear power were to substitute for all of today’s
energy, the world would need about 10,000 large 1-GWe-sized nuclear power plants.

If we think of the diverse regional conflicts taking place throughout the world,
we would have to consider whether humanity could properly control a situation in
which as many as 10,000 nuclear reactors existed, from which plutonium and ura-
nium—the raw materials for nuclear weapons—could be extracted.

Moreover, we have experienced the major accidents at Three Mile Island and
Chernobyl, and now even in Japan, which is said to possess superior safety technol-
ogy, the Fukushima Daiichi accident has occurred. Furthermore, in the future
nuclear reactors will one after another reach the end of their service lives. As an
engineer, I find it impossible to imagine the difficulties of undertaking the colossal
construction of 10,000 reactors and then maintaining them all.

In reality, there are also countries such as France, which relies on nuclear power
for about 80 % of its electricity generation. Prior to the accident at Fukushima Dai-
Ichi, Japan’s level of reliance on nuclear energy was about 30 %. In the wake of the
accident, at this writing in August 2013, only two of Japan’s 50 reactors are operat-
ing, while the remaining 48 are out of service for necessary safety upgrades and
inspections. As an alternative to make up for the lost nuclear generation, many
thermal power plants that had been dormant have been brought back on line.

In the case of a country like France, it is difficult to make a transition to renew-
able energy in a short time period. However, in the case of Japan, along with taking
the opportunity following the nuclear accident to further advance energy conserva-
tion methods, it is necessary to accelerate the transition to renewable energy. We
should proceed with the understanding that nuclear energy ultimately is an energy
source to be used in this transition period.

From the twenty-second century onward, a world centered on solar energy will
likely be realized. However, it takes time and money to introduce a new energy system
on a large scale. It is necessary to consider the twenty-first century a transitional
period until that time, and to make the debate over nuclear power a constructive one.
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Producing Biomass in the Desert

Ultimately, energy sources reliant on fossil fuels and nuclear power will have to be
replaced by renewable energy. This renewable energy, also known as natural energy,
comes in various forms. However, I believe that there are only five types of renew-
able energy that during the twenty-first century can grow to the scale of at least 1 %
of total energy supply: hydro, geothermal, solar, wind, and biomass. There are vari-
ous other methods, such as ocean thermal energy conversion and wave power, which
can be introduced on a small scale, but energy sources that can supply more than
1 % of our energy are limited.

For instance, even now hydropower accounts for 8 % of Japan’s electricity and
about 3 % of its total energy (International Energy Agency web-site 2013a, b, c).
There is probably still room for expanding the application of small- and medium-
sized hydro resources. There is also a great deal of room to develop wind technology
and biomass technology, to say nothing of solar cell technology. Geothermal also
offers possibilities for expansion. According to some estimates, Japan possesses the
world’s third largest potential for geothermal energy production. The development
of technology to utilize geothermal sources deep within the Earth’s crust offers con-
siderable promise. These technology improvements and their mass production will
ultimately lower costs and accelerate the introduction of renewable energy.

In Chap. 4 I will provide a detailed explanation of solar cells, and so here I would
like to discuss biomass. The biomass I am talking about here is not the firewood cut
from trees. Likewise, making ethanol from corn and using it to power automobiles
has lately been in the news, but using food crops for energy is not appropriate.

Let’s look at the reason. Using the oxygen they take in through breathing, humans
burn the nourishment obtained from food, and with the energy thereby generated
they carry on the activities of life. Food after all is something that humans internally
convert into energy. Incidentally, that energy is on average one hundred watts per
person.

The energy from food, when compared to society’s total energy supply, is small,
corresponding to about 10 % of the total energy consumed. Using 10 % of all food,
even if we could make ethanol without any loss at all, we could only produce enough
for 1 % of our total energy needs. Using corn as biomass—that is, trying to use food
as energy—has an effect that is trivial.

Moreover, conversely if we were to use 10 % of all food supplies for energy
purposes, food shortages would become grave. Actually, in 2007 as a result of corn
harvests being directed toward ethanol production, the price of corn skyrocketed
and became a major problem in some countries, such as Mexico (Wise 2012).
Additionally, the price of feed for cows and other animals soared, and livestock
farmers in Japan too were extremely hard hit (Inaguma 2009). These events are self-
explanatory if we compare the relative quantities of food and energy resources.

By the year 2050 the world’s population will likely rise to about 9 billion. Besides
this, along with the increase in economic wealth, the ratio of meat consumption will
increase. For example, chickens require an amount of grain that corresponds to
three times the amount of energy in the chicken meat they produce. In turn, to
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produce the same amount of meat, cows require twice as much grain as chickens.
Considering the increase in population and the changes in eating habits, I am afraid
that food shortages will be historically inevitable. In consequence, using food prod-
ucts as biomass is not an option, and all land that can be used as farmland will likely
be put to use for food production.

In thinking about the future of biomass, the most important questions are what
will be used as the raw materials and where will it be raised. For the large-scale
introduction of biomass, broad swaths of land and efficient sunlight are necessary—
in other words, a high speed of plant growth.

I believe that using seawater to grow algae in the desert is full of promise. There
is sunlight in abundance, but because the cost of using fresh water is high, sea water
will be drawn in and used. Many deserts in the world are located close to seashores.

Now, the phytoplankton that grow in sea water, such as for instance chlorella,
spirulina, or euglena, have a high efficiency for photosynthesis and are single-
celled. Among these, some contain a ratio as high as 30 % of constituents that are
extremely similar to oil. If these kinds of phytoplankton are raised and pressed, oil
substances can be obtained. The oil substances can be used for such things as jet
fuel, and the gases obtained from pressing can be burned in place of coal to generate
electricity. If these gases are compressed and solidified into briquettes, they can also
be easily transported.

In the future, through the medium of biomass, there will be ample potential for
the efficient use of solar energy.

Reducing the World’s Carbon Dioxide Emissions by 25 %

Let us look at “Vision 2050” from the standpoint of carbon dioxide emissions.
Figure 3.3 shows world energy scenarios and the concentration of carbon dioxide in
the year 2050 under each scenario.

At the present time, owing to the use of fossil fuels, about 6 billion tons of carbon
dioxide are generated per year. (Note that here and in the following, the mass is
given in terms of the carbon content of the CO,. Because of the addition of oxygen
to the carbon, the total mass of CO, is 3.7 times the mass of the carbon.) The white
portion corresponding to 1.5 billion tons is the amount covered by the non-fossil
sources: nuclear, biomass, hydropower. If this energy were obtained by burning fos-
sil fuels instead, an additional 1.5 billion tons of carbon dioxide would be gener-
ated. Currently, the 6 billion human beings living on the planet use this much energy
(Komiyama 1999b).

Figure 3.3b shows a projection of what will happen in 2050 assuming that the
world population grows to 9 billion, almost all countries become advanced nations,
and present patterns of energy consumption continued unchanged. Here it is
assumed that all nations will reach a level of energy consumption equivalent to
today’s advanced countries (excluding the U.S.). Because this is the business-as-
usual scenario, the use of renewable energy does not rise much, and the increase in
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Fig. 3.3 Energy scenario and CO, concentrations: (a) 1990, (b) 2050 BAU case, (c¢) vision 2050,
and (d) after twenty-second century. Source: Komiyama H and Kraines (2008)

energy consumption is almost entirely covered by fossil fuels. As a result, energy
consumption triples, and carbon dioxide emissions in fact grow to 22 billion tons
per year, much more than triple the current level.

This is the “breakdown” scenario. It is the scenario in which the carbon dioxide
concentration in 2050 will reach approximately 600 ppm, and the Earth’s tempera-
ture compared to the pre-industrial revolution era will likely rise about three degrees.

If this happens, even looking from an energy resource perspective, even for coal
(which is generally thought to have the largest reserves), depletion will start to
become a reality. Therefore, the business-as-usual scenario is the same as a break-
down scenario, and in this sense the problem is that present-day humanity is headed
for a breakdown.

A Vision on Which Advanced Countries and Developing
Countries Can Agree

I believe that “Vision 2050 is a vision on which advanced countries and developing
countries can agree.

In advanced countries man-made objects are already reaching saturation. If
material living standards and the quantity of services are maintained at about the
same level, tripling energy efficiency means that energy consumption will decrease
to one third its current amount. If non-fossil energy sources, which now account for
roughly 20 % of energy consumption, are doubled, reliance on fossil fuels will fall
to 60 %. Should this happen, compared to the present the amount of fossil fuels used
in 2050 will be 1/3 (from the reduction in energy consumption) times 6/10 (from the
decrease in fossil fuel reliance), or 1/5. Emissions of greenhouse gases such as car-
bon dioxide will automatically fall by four fifths, or 80 %.
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At COP-15 (the 15th Conference of the Parties to the United Nations Framework
Convention on Climate Change) held in Denmark in December 2009, leaders of the
United States, European Union, Japan, and other advanced industrial nations agreed
in recognizing the need to reduce greenhouse gas emissions by 80 % by the year 2050
(UNFCC 2010). The principles for achieving this are just what we have described.

On the other hand, it is also the due right of developing nations to continue grow-
ing in order to become advanced nations. Total world-wide energy consumption will
be maintained at its current level, but advanced nations will reduce their consump-
tion to one third, with the remaining two thirds allotted to developing nations to
support their economic growth. However, they must use the most advanced, highly
energy efficient technologies. For automobiles, for instance, just as in developed
nations, they will use vehicles with high fuel economy. Or, as we showed in the case
of cement, they will use highly energy-efficient production technologies.

In so doing, the merits for developing countries can be explained this way:
“Investing in energy conservation results in energy cost savings and is economically
beneficial; and what is more, we want to make good use of the excess capital in the
world.” Now, the bargain that emerging economies must make is that production is
their right, but efficiency is their duty. This is the key to success for “Vision 2050.”

It is certain that the achievement of “Vision 2050 will not be a simple matter for
either the developed world or the developing world. Developed countries will cut
carbon dioxide emissions by 80 % while maintaining their standards of living;
developing countries will grow while restraining their emissions. For both parties,
this is surely the best vision on which they can agree.

Here let us briefly summarize the gist of “Vision 2050.” By raising energy effi-
ciency, energy consumption will be reduced. By creating a material circulating soci-
ety, virtually all resources will be reused, and at the same time energy consumption
will be cut. Through the decrease in energy consumption and the expansion of non-
fossil energy use, reliance on fossil-fuel sources will be reduced and emissions of
greenhouse gases will be significantly slashed.

In concrete terms, energy efficiency will be tripled and, in addition to this, non-
fossil energy sources (nuclear, hydro, solar, wind, biomass) will be doubled from
the present. If this is done, then “Vision 2050 assumes a form in which world emis-
sions of carbon dioxide decrease by 25 % from roughly 6 to 4.5 gigatons per year.
Through these means, the three problems of energy, resources, and global warming
will be simultaneously solved.

The important point is that if by 2050 we can meet the goals of “Vision 2050,”
our prospects heading into the twenty-second century will be bright.

What does it mean to meet the goals of “Vision 2050”7 It is a presupposition that
for renewable energies, inexpensive and highly energy-efficient technology will be
obtainable; moreover, if nuclear power that has overcome the safety issues is added
to the mix, the realization of this vision will be all the more easy.

From then on, it will suffice to maintain the flow and continue moving forward.
By the twenty-second century, we will have established a material circulating soci-
ety, so there will be no need to dig resources from the earth. With regard to energy,
we will have acquired technologies for the efficient use of clean, renewable energy
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sources, so fossil-based energy will be practically unnecessary. Solar energy may be
thought of as inexhaustible, as it showers down upon the Earth at a rate 10,000 times
greater than we use all our energy. Hence, the year 2050 is an important milestone
on the way to the twenty-second century.

For a vision, I feel that a kind of forward-looking image that integrates knowl-
edge is essential. If it is merely a pessimistic outlook in which the future is stagnant,
it cannot generate vitality among people. If it can be attained, “Vision 2050 pro-
vides an image wherein a world can be created in which the burdens of material and
energy are light from the twenty-second century onward.

Japan as a Resource Self-Sustaining Nation

The times are vastly changing owing to the growth of developing nations. The era
in which primary resources could be bought cheaply is already ending. In the future,
although prices will rise and fall because of changing economic conditions and
other factors, over the long term the price of primary resources will no doubt con-
tinue to rise. Looking back at the past, crude oil prices have continued to rise from
the 1960s, the era when it was a dollar per barrel. Even iron ore, with its large
reserves, has lately jumped in price.

Not only price increases, but also indications can be seen that resources are being
depleted. For example, take the large-scale crude oil discharge accident that occurred
in April 2010 in the Gulf of Mexico off the coast of Louisiana (BP web-site 2013).
This showed us the following realities: Of the reserve-rich and easily exploited oil
fields on land, almost none now remain, and exploiting oil fields beneath the deep
ocean brings with it great risks and high costs.

It is not only a matter of energy resources such as crude oil, but as we head
toward 2050 the world’s population will increase, and the problem of food shortages
will grow more severe. Accompanying the enriching of economies, eating habits
will shift from being centered on grain consumption and meat consumption will
increase. Because eating meat is less energy efficient than consuming grain directly,
greater grain production will be necessary.

The depletion of timber resources is also a serious problem. In times past, many
civilizations consumed great quantities of timber as an energy resource and building
material, and as a result of using up the forests, they collapsed. We must learn from
this history.

In light of this situation, what actions must Japan take with respect to “Vision
205077 In Japan’s case, the share of the total energy supply accounted for by non-
fossil sources is 16 % (Agency for Natural Resources and Energy 2010). In Japan,
with its limited land surface, installing solar panels on all roofs and idle land would
be able to cover about 8 % of present energy consumption. Wind, biomass, hydro-
power, and geothermal will also be used. If nuclear power too is employed and the
share of non-fossil energy sources is doubled, then they will make up 32 % of the
total current energy consumption.
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Self-Sufficiency in Japan at 2050
Komiyama’s Proposal

ENERGY 70%
MINERAL 70%
FOOD 70%
WOOD 100%
WATER 100%

Japanese goal as well as 215t model of humanity

Fig. 3.4 Self-sufficiency in Japan at 2050

At the same time, there is no need to reduce energy consumption to one third its
present level. Assuming that the current volume of goods and services remains
fixed, if we further suppose that energy consumption is cut by just over half to 45 %
of its present level, on a scale where current energy consumption is 100, this con-
sumption will be 45. Because the non-fossil energy share of this will be 32, the
share of non-fossil sources will be 32/45 of total energy consumption. In other
words, more than 70 % of all energy consumption can be covered by renewables
and nuclear, which emit no carbon dioxide and are inexhaustible.

If this situation is realized, compared to the present the quantity of fossil fuels
used will be 45/100 (from the reduction in energy consumption) times (45 —32)/45
(the new level of reliance on fossil fuels)=0.13, or about one tenth the present quan-
tity. That is to say, it is possible for Japan and other developed nations to reduce
carbon dioxide emissions by 90 %.

Accordingly, if developed countries cut their energy consumption to one third
and even if the introduction of renewable energy occurs at a rate about one half that
of the above calculation, it is possible to reduce carbon dioxide emissions to roughly
one fifth of their current levels. This is the picture of the future “Vision 2050 paints
for Japan and the developed world.

The realization of “Vision 2050 will consolidate Japan’s material foundations.
To summarize this chapter, I would like to propose making Japan’s self-sufficiency
rate in 2050 for energy, mineral resources, and food 70 %, and for timber resources,
100 % (see Fig. 3.4).

Regarding energy, as we have already stated, by reducing energy consumption to
45 % of its present level and by raising non-fossil energy use to 32 % (double its
present level), over 70 % of energy consumption will be covered by inexhaustible
renewable energy and nuclear energy. In other words, 70 % of energy will be
provided self-sufficiently.

At the present time Japan relies on imports not only for energy sources, but also
for nearly all its mineral resources. However, considering materials like steel and
aluminum, these are in fact recycled to a considerable extent. As noted previously,
worldwide about 30 % of steel materials are already recycled products. In the future,



44 3 “Vision 2050” to the Rescue of a “Limited Earth”

as man-made objects approach the point of saturation, this ratio will rise further, and
in approximately 2050 a situation is projected in which quantitatively scrap alone
will suffice. Japan must anticipate this trend.

In this way, through the construction of a material circulating society, the recy-
cling rate will rise and the self-sufficiency rate for mineral resources will be
increased to 70 %.

Regarding food, presently the self-sufficiency rate on a calorie basis is about
40 %. However, of foodstuffs as a whole, actually on the order of 30 % are estimated
to be discarded. Therefore, first the amount of waste will be reduced. Furthermore,
roughly 30 % of crops are lost in the fields due to damage caused by diseases and
harmful insects, but this will be reduced through the improvement of technologies
to control these factors. Additionally, the following countermeasures will be thor-
oughly implemented: land on which cultivation has been abandoned, which cur-
rently makes up a considerable area, will be used; high-yield rice varieties will be
created; and these will be used to make rice flour and feed for livestock. Through
these efforts, the food self-sufficiency rate will increase to 70 %.

Although timber resources are used for construction and pulp production, the cur-
rent self-sufficiency rate is less than 30 %. This is a result of the cheap supply of
timber from overseas and of the decline of the domestic forest industry, but in the
future, owing to environmental conservation and increasing demand from developing
countries, the price of overseas timber will likely continue to rise. On the other hand,
there is no fundamental reason why a forest industry cannot be realized in Japan,
which is humid and warm and covered 70 % by forests. By overcoming the societal
issues and developing the technology, Japan must create a sustainable, highly produc-
tive forest industry. By doing so, it will be possible to attain a 100 % self-sufficiency
rate for timber resources, and this is indispensable for ecosystem maintenance as well.

Water, food, timber, minerals, and energy form the physical foundations of our
lives. Fortunately, Japan is rich in water resources Moreover, the high efficiency of
its waterworks systems is among the best in the world. For example, losses from
leakage in Tokyo’s water system are only about 3 %. Worldwide, the average water
leakage rate is as high as 30 %, and even in metropolises of developed countries,
losses of 30 % are quite common. In the future water will become a critical strategic
resource. On this point, the water business is liable to open paths into the many
countries that worry about water scarcity.

In conclusion, if these self-sufficiency rates (except for water) can be achieved,
Japan’s material foundations will be secure. If a self-sufficiency rate is 70 %, then
in a time of crisis it is relatively easy to make reductions of about 30 %. For energy,
for instance, as happened during the time of the First Oil Shock, by taking such
countermeasures as dimming the neon city lights at night and suspending broadcasts
in the middle of the night, it is possible to pull through.

At the risk of repeating myself, considering the population increase and eco-
nomic growth of developing countries, sooner or later the entire world will have no
choice but to head in this same direction. If a country like Japan—with limited land
area, a large population, and scant underground resources—can achieve self-sufficiency
in energy, mineral resources, timber, and food, then this will become a model the
entire world should follow.
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By moving forward and strengthening its material foundations, Japan will in fact be
taking the lead in working toward solutions to problems that the whole world will
sooner or later face. This is the basis for calling Japan, as I have been, a “problem-
saddled developed country” that can become a “problem-solving developed country.”

Open Access This chapter is distributed under the terms of the Creative Commons Attribution
Noncommercial License which permits any noncommercial use, distribution, and reproduction in
any medium, provided the original author(s) and source are credited.
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