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Abstract. The questions of the search for fundamental laws of development of the world energy and
economy during the period of growth in the volume of virtual reality are considered. The results of
calculations are presented, indicating the probable implementation of two large technological "leaps" in the
post-crisis period.
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Introduction
The future development of the world energy sector is
characterized by very great uncertainty. Even on the eve
of the onset of the 2020 crisis associated with the spread
of the COVID-19 virus, many well-known foreign and
domestic agencies demonstrated such a wide range of
forecasts for the future development of the world energy
sector that any analyst had legitimate doubts about the
existence of a scientific basis for forecasting, taking into
account the impact of modern global processes of
various "Nature".
A legitimate question arises: "What awaits the global
energy industry: energy transition, peak consumption of
oil and other traditional energy sources?" Perhaps the
world expects the use of a more powerful source of
energy? Dont clear. To answer these and other questions,
of course, it is necessary to conduct fundamental
research on the topic: "Where is our world heading."

Hybrid reality and its components
The 2020 crisis has shown that global development is
moving towards the expansion of virtual reality and is
increasingly becoming hybrid. During the research,
several options for the development of hybrid, virtual
and real reality were considered. As a result of the
analysis of these options, it was found that the hybrid
reality has an expanding dynamic that has a limit to
expansion. With this variant of the development of
hybrid reality, its constituent components will be
characterized by an expansion of virtual reality (logistic
dependence) and a shrinking reality (cyclical
dependence) (Fig. 1).

*

Fig. 1. Components of an “expanding” hybrid reality

The development of reality is provided by physical
energy. On the basis of physical energy, work is carried
out, as a result of which material results of labor appear.
In general, physical energy can be calculated using the
formula:

Ef  qf *m

(1)

where: m  the mass of the energy source used;
qf  physical energy density, i.e. the amount of
physical energy per unit mass of the source.
In power engineering, the above given energy density
is called the caloric equivalent of the fuel used. In
general, the energy density of energy sources has a
growth limit determined by the formula of A. Einstein:
E = m * c2

(2)

where: с – speed of light.
In this regard, the energy density of energy sources
cannot be greater than с2. Thus, the change in the energy
density over time will be characterized by a logistic
dependence, "abutting" the limit equal to с2. Then, in
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accordance with the cyclical nature of reality, the mass
of the energy sources used should also change in a
cyclical relationship. The development of virtual reality
can be characterized by the dynamics of physical energy.
The question arises: "What characterizes the
development of virtual reality?" Virtual reality is not a
material space, it is a collection of knowledge,
technological skills, information, etc. Given the
informational nature of virtual reality, its development
can be characterized by the level of entropy achieved.
However, it is known that entropy can be measured
by energy:

S  K * LN ( Ev )

(3)

Fig. 2. Dynamics of relative energy density and efficiency

where: К  constant coefficient;
Еv  energy of virtual reality.
The above expression indicates the possibility of
evaluating virtual reality by the amount of energy used.
Since virtual reality reflects the level of accumulated
knowledge of technology and information, it
characterizes scientific and technological development.
In this regard, the energy of virtual reality is a special
type of energy - the energy of scientific and
technological development.
In accordance with the universal nature of the
calculated energy formulas, the energy of virtual reality
can be represented as:

Ev  qv * m

Specific energy density (see Fig. 2) has a fairly
strong relationship with the efficiency of machines and
mechanisms used in the economy. The change in
efficiency reflects the level of technological
development of the economy. This circumstance
strengthens the argument that the energy density of the
used energy sources can characterize the level of
technological development of the economy.

The
Energy of
the
waves
of
technological development and time
Analyzing the relationship between such fundamental
categories as “time” and “energy”, we will conduct a
thought experiment: “look” into the past from the
standpoint of the current present and try to find what was
in common that characterized the implementation of all
the processes and phenomena in the global technological
development. All phenomena and processes are
characterized by the same form of realization ций
cyclical development, in which the stages are
sequentially carried out: growth, achievement of
maximum values, decline. As you get closer to the
present, the cycle frequency increases. There is a more
rapid change in technologies and applied technical
solutions. This frequency determines the speed of the
technological process in the global economy. Based on
an expert assessment of the frequency of cycles of
technological development, the forecast dynamics of the
average frequency of cycles of world technological
development has been established (Fig. 3).

(4)

where: qv  energy density of virtual reality;
m  the mass in virtual reality.
The above indicates that both virtual and real reality
have a single energetic "nature". At the same time, it is
very important to establish the relationship between
physical energy and the energy of virtual reality. In the
course of the research, it was revealed that the
fulfillment of such fundamental laws as the law of
conservation of energy and the law of conservation of
mass requires the fulfillment of the condition of equality
of the density of physical energy and the energy density
of virtual reality:

q f  qv

(5)

Equality (5) is of fundamental importance. It testifies
that the development of virtual reality and, accordingly,
the level of scientific and technological development can
be measured by the density of physical energy of the
energy sources used. It turns out that the caloric
equivalent (energy density) of energy sources used in the
economy determines the level of technological
development. If in equality (5) the current energy density
is related to its limiting density (с2), then we can obtain
a logistic dependence of the change in the relative
energy density over time. In this case, the limiting value
of the relative energy density will be equal to unity (Fig.
2).

2

E3S Web of Conferences 209, 01004 (2020)
ENERGY-21

https://doi.org/10.1051/e3sconf/202020901004

Темпы прироста:
1860 – 1960 гг. – 1,3% в год
1960 – 2060 гг. – 2,3% в год

1960 г.

Fig. 3. Base frequencies adopted for assessing the cycles of
global technological development

Fig. 4. Forecast corridor of dynamics of energy density
(caloric equivalent) in the global energy sector of the XXI
century

Since the 60s of the XX century, there has been a
significant increase in the average annual rate of increase
in the frequency of cycles. The cycle frequency began to
change exponentially. In accordance with this frequency,
in the process of research, a model of the wave (average)
of world technological development was built, which can
be described by an equation of the form:
Yt  A  Sin(6,28 t  t )

In fig. 4 shows that each current year is characterized
by the "input" of a new quantum of energy. Moreover,
the value of the "introduced" quanta significantly
increases in the future period of time. In fact, physical
time, which is used in world practice, is nothing more
than just the ordinal number of "introduced" quanta of
energy of technological development. So, what comes
out all forecast calculations in the economy, energy, etc.
Researchers carry out not by "the phenomenon itself",
but by its ordinal number? In general, such forecasting is
rather paradoxical. Yes, this was acceptable in the past
period (see Fig. 4), since the introduced energy quanta
were not very large, but in the promising period of high
rates of energy growth in technological development,
such forecasting becomes untenable.
We need approaches to forecasting based on taking
into account the growth of energy of technological
development. The energy of technological development
is primary in relation to the emergence of new
technologies. During the entire civilization process, there
was a change in energy sources in the direction of a
higher energy density provided by them. This was
accompanied by a change in global energy development
cycles. Wood, coal, oil, gas, energy cycles, replacing
each other, increase the energy density (caloric
equivalent) used in the world economy. Due to such an
upward increase in energy density, it should be expected
that the 21st century is the period of the beginning of the
use of sources with high and very high caloric
equivalents. In accordance with the change of energy
sources, new technologies used in the world economy
appear. For example, the use of such an energy source as
coal led to the creation of a steam engine, a steam
locomotive, the construction of railways and stations.
The beginning of this process was a new energy source,
and not the other way around. It was not train stations,
railways and a steam locomotive that determined the
appearance of an energy source.

(6)

where: A  wave amplitude;
Vt  wave frequency at time;
t  time.
The wave of world technological development has
energy, the density of which can be determined by the
expression:
Wt 

  At2  (6,28  t )2
2

(7)

where: р  density of the medium in which the wave
propagates.
Note that the energy density of a wave depends on
the square of its frequency. Taking into account the
exponential increase in the frequency of the wave in the
future period, one can state an unprecedentedly high
increase in the energy density during the period of
significant immersion of world development in virtual
reality (Fig. 4).

Big technological leaps in the coming
period
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Taking into account the caloric equivalents of energy
sources achieved in the global energy industry, as well as
the logistic nature of their change over time, in the
process of research, a predicted corridor of energy
density values was obtained that can be achieved in the
21st century (fig. 5).

Fig. 6. Forecast dynamics of the average speed of movement of
goods and people for the period up to 2050

Calculations show that already in the period 20202030. there will be a "break" in the predicted trajectory
of the speed of movement in the economy during this
period. This speed will receive an impulse for its further
growth. It is obvious that this impulse is associated with
the powerful "impact" of new technologies used in the
economy.
Most likely 2020-2030 - these are the years of
transition, in which the first big technological "leap" will
take place. Calculations show that the second
technological "leap", which, respectively, determines the
second impulse to increase the average speed of
movement in the economy, will be implemented
approximately in 2060-2070. (fig. 7).

Fig. 5. Forecast corridor of dynamics of energy density (caloric
equivalent) in the global energy sector of the XXI century

The resulting predictive dynamics of energy density
indicates that in the next ten-year period (2020-2030), it
should be doubled. By the middle of the 21st century, the
energy density, in relation to the period 2020-2030,
should double for the second time, and by the end of the
century its values should reach values exceeding 100
tons of fuel equivalent per ton (t / t). A twofold increase
in energy density in the next 10-year period, in all
likelihood, means widespread use of hydrogen in the
world economy.
What is the energy of the fuel used? It can be stated
with all certainty that this energy is converted into the
kinetic energy of the movement of machines and
mechanisms that perform certain work, as a result of
which new goods and services are received in society.
In the course of the study, it was found that in the
nearest forecast period the average speed of movement
of people and goods in the economy (implementation of
kinetic energy) will be proportional to the square of the
energy density of the energy sources used.
By doubling the energy density, for example, by
switching from the use of methane to the use of
hydrogen, it can lead to a 4-fold increase in the average
speed of movement in the economy. It is clear that in the
limiting case (when the speed of movement is equal to
c2, the speed of movement will be determined not by the
square of the energy density, but by the power factor at it
equal to 0.5.
In accordance with the predicted dynamics of the
energy density values reached in the XXI century,
possible levels of the speed of movement of people and
goods in the world economy have been established (fig.
6).

Fig. 7. Forecast assessment of the dynamics of the average
speed of movement of goods and people for the period up to
2100.

Apparently, the first big "leap" will be associated
with the implementation of the world project "Industry
4.0", and the second, respectively, with the project
"Society 5.0".
It is significant that the leader in the implementation
of the Industry 4.0 project, Germany, probably
“realizing” that a technological “leap” cannot be made
on the basis of the energy density of the energy sources
used, in June 2020 adopted the national program
“Hydrogen Energy” and started to its implementation.
For this purpose, two program committees (government
and scientific-public) were created to finance and
promote technologies for the production and
transportation of hydrogen.
The higher the speed of movement in the economy,
the more work is done per unit of time and, therefore, the
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Such an event, of course, will have a very significant
impact on all spheres of human activity. Note that in the
same period it is planned to reach the fourth cosmic
speed. In addition, in the above-mentioned period of
time, the level of artificial intelligence will significantly
increase - from the category of "strong", achieved by
2040, it will become "very" strong. "Artificial
intelligence with such a level will have abstract thinking
that allows them to engage in creative and managerial
work.
The period of the 60s of the XXI century, which
provides for the implementation of the second big
technological "leap", will be characterized by three
significant events:
- the beginning of the use of energy sources based on
thermo-nuclear fusion;
- the development of a very strong artificial
intelligence;
- reaching the fourth cosmic speed, allowing the
expansion of deep space.
The obtained predicted values of the average and
maximum energy density (caloric equivalents) made it
possible to carry out model calculations to identify future
cycles of global energy development (Fig. 8).

higher the labor productivity achieved in the economy.
Calculations show that by the middle of the twenty-first
century, one can expect that labor productivity in the
economy may increase by 8-10 times. Such an increase
in labor productivity can be achieved through the use of
intelligent cyber-physical systems provided for by the
world project "Industry-4.0". The growth in labor
productivity will lead to a decrease in the supply prices
of goods and services in the world economy. In
accordance with the carried out model calculations,
estimates of a possible price reduction were obtained for
three options for the impact of labor productivity on
production costs (very weak, weak and strong impact).
In all cases, a decrease in prices was obtained in the
prospective period. Even if the impact is weak, supply
prices are likely to be reduced by at least 15% (by 2050).
The maximum price reduction can be approximately 4050%.

Forecast cycles and parameters of
global energy development
In addition to the average speed, in the economy, in
the process of research, the predicted values of the
maximum travel speeds were obtained. These speeds are
calculated on the basis of retrospective dynamics of
maximum speeds, some of which are associated with the
implemented space projects. The retrospective dynamics
of the above mentioned speeds, as well as their
"convergence" with an average speed in a deep
perspective period, made it possible to form predictive
estimates of the maximum speeds.
Note that the maximum speed in the previous period
of time was first associated with the achievement of the
first cosmic speed, intended for the movement of the
spacecraft in the Earth's orbit. Then the second cosmic
speed, allowing you to leave the Earth's orbit. And,
finally, the third, achieved in 2013, and allowing the
spacecraft to leave the solar system.
In accordance with the calculations, it was found that
approximately, in the period 2055-2060. the 4th space
speed must be reached, allowing the spacecraft to leave
the Galaxy.
Most likely, the main mission of Mankind at the
present stage of development is the expansion of outer
space. First of the near, then the middle and, finally, the
far space. The implementation of such a mission
provides for the implementation of large-scale space
projects that "pull" projects carried out in the economy.
Predictive estimates of the maximum speeds of
movement made it possible to determine the future
dynamics of changes in the maximum values of the
energy density of the energy sources used.
In accordance with the carried out model
calculations, it was found that, approximately, in 20422047. the massive use of energy sources based on
nuclear fission should begin. Most likely, these will be
small-sized sources (fuel cells) that directly convert
nuclear energy into energy energy.
Approximately in 2055-2060. perhaps the beginning
of industrial use of the energy of thermonuclear fusion.

Fig. 8. Forecast cycles of global energy development

Calculations show that after the oil cycle, which in
turn replaced the coal cycle, the dominance of the gas
source will emerge in the near future. It will manifest
itself approximately in 2035-2040, and then non-carbonhydrogen energy resources, including all the variety of
solar, wind, geothermal, hydro and nuclear sources, will
become the dominant energy source.
Note that the period 2020-2040. will be characterized
by a wide variety of traditional and non-hydrocarbon
energy sources used. The dominance of nuclear sources
of direct energy conversion will come approximately in
the period 2080-2100.
Outside of this period, thermonuclear energy sources
will dominate, the industrial development of which will
probably begin in 2055-2060.
The established cycles of global energy development
made it possible to assess the forecast dynamics of
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global consumption of traditional and renewable energy
sources (Fig. 9).

Conclusion
The presented forecast tendencies form a multiprofile “image of the future” realized in the context of
expanding virtual reality. An assessment of its
parameters based on fundamental research by the author
of the publication can be used to make investment and
organizational decisions developed by representatives of
Russian business and government bodies.
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