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Abstract

The evolution of the Universe proceeds through the persistent complication of the 
appearing objects. As the constituent objects become more complex, the intensity 
of their energy exchange with the environment increases, which is necessary to 
counteract entropic processes. Our Civilization is the most complex of the natural 
systems, with the development of which its energy consumption has constantly 
increased and will inevitably increase in the future. This will happen regardless 
of the sources of energy, be it fossil hydrocarbons, thermonuclear energy, or solar 
radiation, which is the only primary source of all renewable energy. The use of 
the latter on a global scale will reduce the Earth’s albedo. Maintaining the thermal 
balance of the Earth by increasing the emission of low-potential IR radiation into 
space will require an increase in surface temperature. Thus, the current strategy 
of managing climate processes by reducing greenhouse gas emissions is in princi-
ple not capable of preventing the inevitable future global warming caused by the 
progressive development of Civilization, but will require enormous funds, energy, 
natural resources and intellectual potential. Until more realistic ideas about the 
ways of development of Civilization and the corresponding strategic decisions are 
put forward, the most rational tactic of our relationship with the environment is not 
to stave off inevitable changes, but to prepare for them.
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1. Introduction

One of the most important problems faced by 
the world community at the end of the last centu-
ry is the rapid increase in the average temperature 
of the Earth’s surface. Of particular concern is the 
fact that the rate of temperature change is signifi-
cantly higher than the rate of change observed in 
the pre-industrial era. According to Intergovern-
mental Panel on Climate Change (IPCC), by 2017 
this increase has reached 1 °C compared to the 
pre-industrial period and continues to grow at a rate 
of ~0.2 °C per decade [1]. 

The temperature change itself is not in doubt, 
although the discussion about its causes continues, 
and there are still different points of view on its rea-
sons. Despite solid evidence on the natural causes 
of the observed climate changes [2], the prevailing 

view on the reasons for the increase in the average 
temperature of the Earth’s surface, reflected in the 
IPCC materials, is the anthropogenic impact on the 
composition of the atmosphere, largely through a 
rapid increase in the concentration of greenhouse 
gases, primarily CO2, which in 2019 reached al-
most 410 ppm compared to 296 ppm in 1900 [3].

The critical value of temperature rise which, if 
exceeded, will lead to irreversible changes in the 
ice cover of the planet, global sea level and the 
pattern of the circulation flows in the atmosphere 
and ocean was estimated to be about 2 °C [4]. The 
international community’s response to the current 
situation in an attempt to prevent the temperature 
rise to the critical value was the adoption of the 
Paris Climate Agreement by representatives of 
196 countries on December 12, 2015. The purpose 
of the Agreement, which entered into force on 
November 4, 2016, is to develop and implement 
a strategy to reduce greenhouse gas emissions, 
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primarily CO2. Since the main source of anthro-
pogenic CO2 emissions into the atmosphere (more 
than 75%) is energy production, which from the 
middle of the XIX century to the present time, 
is more than 80% based on fossil hydrocarbons, 
the main goal of the effort to implement the Paris 
Agreement is to reduce the share of hydrocarbons 
in the global energy balance, mainly due to the 
transition to renewable energy sources.

The current situation involves a complex set of 
ethical, political, scientific and technical problems. 
On the one hand, the ever-increasing need for en-
ergy to improve the standard of living of the pop-
ulation of the developing countries: almost half of 
the world’s population – 46% or 3.4 billion people 
– is still struggling to meet basic needs. A billion 
people still do not have access to electricity, and 
the difference in energy consumption per capita in 
the richest and poorest countries reaches almost 
two orders of magnitude [5]. Without reducing the 
difference in living standards, and therefore, in the 
energy consumption that determines this differ-
ence [9], it is difficult to expect a stabilization of 
the economic and political situation in the world. 
Therefore, despite a sharp slowdown in energy con-
sumption growth and even stabilization of energy 
consumption in developed countries, a further in-
crease of about 50% in global energy consumption 
is projected by 2030 compared to the beginning of 
the century, primarily at the expense of developing 
countries [6]. On the other hand, there is a very real 
prospect of reducing the share of hydrocarbons in 
the global energy balance due to their limited re-
serves in the Earth’s crust, regardless of the pos-
sibility of replacing them with renewable energy. 

However, as discussed below, the most serious 
objection to the proposed measures for climate sta-
bilization is that the progressive development of 
Civilization is impossible without a constant in-
crease in the energy consumed, and, consequently, 
its dissipation into the environment and, as a result, 
an increase in the temperature of the Earth’s sur-
face, regardless of the type of energy sources. 

2. Problem

The main direction of finding solutions to the ex-
isting complex of climate and energy problems re-
mains the improvement of global dynamics models 
[7]. However, models of global dynamics, provid-
ing forecasts based on long-term extrapolation of 
existing trends far beyond their real forecast hori-
zon, give at best tactical recommendations. Since 

they are based on modern realities and trends, they 
do not provide an answer to fundamental strategic 
questions concerning the future trends of our Civ-
ilization, developing in the limited conditions of 
the planet Earth, which evolve with time. What is 
the real forecast horizon of these models? Are the 
proposed tactical solutions strategically optimal? 
Is it possible in principle to prevent temperature 
rise and climate change by abandoning hydrocar-
bon fuels? Is the attempt to preserve the existing 
climate conditions strategically optimal, and is it 
even feasible? We will try to consider these issues 
relying on the most general ideas about the trends 
of development of our Civilization and its energy 
needs. 

Before proceeding with further analysis, it is 
necessary to say a few words about the social ba-
sis of the practically unanimous popular support 
in the developed countries for the arduous efforts 
of the world community aimed at stabilizing the 
climate and preserving existing conditions on the 
Earth. The comfortable living conditions provid-
ed to the population of the developed countries by 
modern industrial society, and the absence of the 
need for a constant struggle for survival, which 
two centuries ago was an indispensable condition 
for the existence of most of their population, gave 
rise to ideas about the ease of obtaining the ben-
efits available today. Insufficient natural science 
education and understanding of the basic laws of 
conservation of matter and energy gave rise to the 
illusion of limitless possibilities of scientific and 
technological progress in mass consciousness. 
Populist demands of environmental protection 
movements for an increasingly high quality of life, 
clean air and water, complete disposal of industri-
al and household waste, and a ban on “genetically 
modified” products are constantly being raised. 
However, politicians do not dare to explain to the 
population that the full implementation of these 
demands will require a progressive increase in 
the consumption of natural resources and energy, 
that is, a substantial increase in the anthropogenic 
pressure on the environment. For example, widely 
discussed projects to reduce the carbon footprint 
of energy by sequestration of the produced CO2 
and/or switching to hydrogen fuel will inevitably 
lead not only to a sharp increase in the cost of en-
ergy, but also to an increase in the consumption of 
primary natural resources for its production (see 
Section 3.1). 

The question of how and where the resourc-
es they consume come from, and what means are 
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needed for this, is of little concern to the layman, 
who believes that the state is obliged to provide 
this not only for him, but also for his distant de-
scendants, that is, “to take care of the fate of future 
generations”. Unfortunately, the understanding 
that all the comforts around us have to be paid for 
by the same natural resources, that is, the destruc-
tion of natural landscapes, reduction of biodiversi-
ty, pollution of air and water has not yet entered the 
mass consciousness. Few people realize that the 
demands of the “natural environment” for eternal 
times can turn into a return to the living conditions 
of our distant ancestors. It seems that, without 
large-scale cataclysms, the restructuring of the ste-
reotypes of the formed global “consumer society” 
is hardly possible. 

3. Suggested solutions

To analyze the real situation we will consider 
several of the most popular approaches to the re-
duction of CO2 emissions: the reality of the global 
capture and sequestration of CO2 from the products 
of hydrocarbons combustion, the energy costs of 
the global transition to hydrogen energy and the 
ability to meet current and future global energy 
needs through using renewable sources.

3.1. Low-carbon solution

The decarbonization of energy production, that 
is, reducing the share of hydrocarbons in the glob-
al energy balance, is now considered as a priority 
measure to reduce the concentration of greenhouse 
gases in the atmosphere, and therefore, to stabilize 
the Earth’s climate. The long-term consequences 
of a decrease in the share of hydrocarbons in the 
energy balance are predicted employing large sys-
tem dynamics models such as the World Energy 
Model (WEM) World3 and its improved versions 
[7]. The high level of uncertainty of the basic pa-
rameters of these models and too long time inter-
vals of analysis exceeding a century, i.e., beyond 
the real horizon of modern technological forecast-
ing, make their predictions too abstract. Note that 
all models predict the continuation of high rates 
of development of the world economy until 2100, 
that is, the growth of global energy consumption, 
although with a certain decrease in its consumption 
per unit of GDP. Note, however, that, over such 
a long period, the decarbonization of the world’s 
energy production can occur naturally due to the 
depletion of hydrocarbon resources. Although it is 

estimated that only 50% of the available fossil hy-
drocarbon resources can be used to keep the tem-
perature rise within 2 °C [8], the accuracy of this 
forecast is so low that the very fact that it is possi-
ble to reach the temperature threshold even at the 
expense of the full use of hydrocarbon resources 
can hardly be considered proven.

On the other hand, sociologists note [9] that so 
far all measures aimed at decarbonizing energy 
production objectively lead to an increase in ener-
gy consumption. They attribute this effect mainly 
to the increased availability of energy resources, 
but also point to additional energy expenditures on 
the implementation of low-carbon projects [9]. In 
fact, all decarbonization processes require signifi-
cant additional energy, which are mainly covered 
by increasing the consumption of the same hydro-
carbon resources [10]. For example, thermody-
namic estimates of the minimum additional energy 
spent on CO2 extraction for various technologies of 
burning coal, natural gas, and petroleum fuel range 
from 10 to 20% [11]. According to experts of the 
Energy Center of the Moscow School of Manage-
ment SKOLKOVO, the extraction and sequestra-
tion of CO2 increases the capital costs of hydrogen 
production by steam reforming by 87% and oper-
ating costs, by 33%. At the same time, the cost of 
the hydrogen produced will increase by almost one 
and half times, whereas the price of CO2 utiliza-
tion will be up to 70 euro per ton [12]. According-
ly, due to the additional energy consumption for 
the extraction and sequestration of produced CO2, 
the total consumption and the rate of depletion of 
primary energy resources, in this case natural gas, 
will increase significantly. 

As for the currently widely discussed possibili-
ty of transition to hydrogen energy, it is necessary 
to recall that there are no significant sources of 
hydrogen in the Earth’s crust. Hydrogen is a sec-
ondary energy source that can only be produced 
by using primary energy sources. Its industrial 
consumption, which has tripled since 1975, con-
tinues to grow rapidly almost entirely due to the 
use of fossil sources. This consumes approximate-
ly 6% of the world’s natural gas production and 
2% of the world’s coal production, which leads to 
the emission of about 830 million tons of CO2 per 
year [13]. 

The most efficient modern technology for pro-
ducing hydrogen, which accounts for about 80% 
of its production, is Steam Reforming of Methane 
(SRM). Taking into account the subsequent steam 
conversion of the resulting carbon monoxide, 
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4 hydrogen molecules can be produced from one 
methane molecule. From the point of view of the 
total energy content, this is approximately equiv-
alent to the energy of the initial methane mole-
cule (Lower Heating Value (LHV) of hydrogen 
is 10.800 kJ/m3, and that of methane is 35.840 kJ/
m3). Note, however, that, due to significant addi-
tional energy consumption, in this case of the same 
natural gas, for heating raw materials and produc-
ing a large volume of steam, the real consumption 
of natural gas in this complex capital-intensive 
technology is about twice as high. Thus, with the 
volume of global hydrogen production in 2019 
of ~75 million tons (mainly for the production of 
ammonia and petrochemicals) the consumption of 
natural gas for its production was approximately 
205 billion m3. 

Since the production of hydrogen by steam re-
forming is accompanied by the formation of CO2, 
the volume of which reaches half the volume of 
hydrogen produced, such hydrogen is considered 
“grey” according to the accepted “ecological” 
gradation, that is, environmentally unattractive; 
therefore, this method does not solve the task of 
reducing CO2 emissions into the atmosphere. To 
make hydrogen thus produced “environmentally” 
cleaner and to increase its attractiveness in terms 
of solving environmental and climate problems, it 
is necessary to sequester both the CO2 contained 
in the flue gases formed during the heating of the 
reagents and production of steam, and the CO2 
formed during the steam conversion of carbon 
monoxide, that is, to supplement the SRM process 
with Carbon Capture and Storage (CCS) technolo-
gies. The hydrogen produced in such a combined 
process can already be qualified as “blue”. Howev-
er, this will require additional energy consumption 
and, consequently, additional consumption of nat-
ural gas. In other words, beside considerable capi-
tal expenditures and complex processing, the pro-
duction of “blue” hydrogen based on SRM+CCS 
technologies will require more than doubling the 
total consumption of natural gas and the rate of de-
pletion of its resources.

In principle, “blue” hydrogen can be produced 
by pyrolysis of natural gas, the products of which 
are hydrogen and carbon [14]. Such processes are 
now used to a small extent for soot production. A 
thermodynamic analysis of the process shows that 
pyrolysis requires an additional consumption of 
about 20% of the resulting hydrogen. To estimate 
the additional expenditures of natural gas to pro-
duce such hydrogen, it is necessary to assume a 

more realistic process efficiency, about 50%. Thus, 
for the pyrolysis of 1 m3 of CH4, 2 m3 of CH4 should 
be spent, with a total heating value of ~71.700 kJ. 
As a result, 2 m3 of hydrogen, with a total heating 
value of 21.600 kJ are produced. The total energy 
efficiency of this process will be only 30%. In or-
der to generate the same amount of energy that the 
use of natural gas provides, at the expense of hy-
drogen produced by methane pyrolysis, it will be 
necessary to increase global methane consumption 
by about threefold, from the current 4 trillion m3/
year to 12 trillion m3/year. This is roughly equiv-
alent to the combined global consumption of gas, 
oil and coal. To reach this level of gas production, 
the world economy will need many years and huge 
investments, with the gas resources being depleted 
3 times faster. In addition, approximately 9 billion 
tons of fine carbon, which is unnecessary in such 
quantities, will be generated annually (the world 
consumption of soot is only about 40 million tons/
year). Thus, for the resulting hydrogen to be con-
sidered “blue”, this fine carbon should not be used 
as a fuel, and there will be an additional problem 
of its disposal.

As for the global industrial use of alternative 
energy sources, the technological unreality of this 
was discussed in detail in [10]. The low density of 
energy flow of these sources requires huge areas 
with the inevitable violation of natural ecological 
cycles in them. They require a huge consumption 
of water, rare metals and structural materials in the 
volume that exceeds their content in the earth’s 
crust. And the subsequent dispersion of these ma-
terials in the environment after the end of the life 
cycle can lead to global environmental problems. 
Due to the inconstancy of energy flow, their in-
dustrial use is impossible without a huge invest-
ment and high losses associated with the operation 
of energy networks, which make up a significant 
share of the transmitted energy, and without ener-
gy storage systems, which are virtually absent for 
industrial capacities. 

The production of “green” hydrogen by elec-
trolysis based on renewable energy remains the 
most expensive technology for its production. The 
cost of such hydrogen is three times higher than 
the cost of hydrogen produced by methane steam 
reforming; therefore, despite all efforts, the share 
of “green” hydrogen in its global production is less 
than 1%. So far, there are no large-scale projects 
in the world to produce hydrogen using renewable 
energy. The most realistic plans for obtaining “car-
bon-free” hydrogen are currently offered only by 
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nuclear power with an electrolysis efficiency of 
about 40%. Note, however, that the share of nu-
clear power in the global energy balance is only 
slightly higher than 4% [5] and because of limited 
resource, it cannot significantly exceed this value. 
Therefore, this source cannot meet the global de-
mand for hydrogen. 

3.2. Renewable energy solution

In view of the problems associated with CO2 
sequestration and the significant entailing costs 
[11, 12], the principal role in the decarbonization 
of energy and the stabilization of climate process-
es in all scenarios of global dynamics is assigned 
to renewable energy. The impressive growth rates 
of the world’s renewable energy capacities, the 
rapid technological progress in the creation of re-
newable energy sources and the quite noticeable 
decline in the cost of energy produced by them 
in recent years cause understandable enthusiasm 
of their proponents. Global energy investment in 
2019 amounted to about $1.9 trillion, $311 billion 
of which (approximately 16.5%) was made up of 
investments in renewable energy production, i.e., 
almost 2.4 times more than investments ($130 bil-
lion) in fossil fuel-based energy production [15].

The growing role of renewable sources is con-
firmed by the fact that in 2020 their share in global 
electricity production reached 27% [13]. But, first-
ly, electricity accounts for only about 20% of pri-
mary energy production, and secondly, more than 
half of renewable electricity production (approxi-
mately 57%) is accounted for by hydropower [5], 
whose capabilities are limited by natural conditions 
and are already close to the limit [10]. Therefore, 
the widespread belief in the ability of renewable 
energy to become the main source of energy for 
the growing world economy, not supported by seri-
ous energy, economic, and environmental analysis, 
raises the most serious questions [10, 16‒18].

First of all, when analyzing the prospects of var-
ious types of renewable energy sources, it is neces-
sary to clearly realize that all of them, with the ex-
ception of extremely insignificant in their potential 
geothermal energy, have their primary source fall-
ing on the Earth solar radiation. Solar energy is the 
only real primary source of renewable energy on 
the Earth. All the others: hydropower, tidal, wind 
and biomass energy are its derivatives. Therefore, 
to assess the potential of renewable energy in gen-
eral, it is enough to limit ourselves to an analysis 
of solar energy. The solar energy resource is huge: 

the uppermost Earth’s atmosphere is irradiated by 
a solar energy flux of ~5.6·1024 Joules per year, 
i.e., 5,000 times the current energy consumption of 
mankind. Approximately 35% of this energy is re-
flected back into space by the Earth’s atmosphere, 
whereas the remaining energy is spent on heating 
the Earth’s surface, the evaporation-sedimentary 
cycle in the atmosphere, the formation of waves 
in the seas and oceans, air and ocean currents and 
wind, as well as photosynthesis. In all these pro-
cesses, the high-potential energy of solar radiation 
of the UV and visible regions are converted into 
low-potential energy of infrared radiation emitted 
back into space by the heated surface of the Earth, 
whose average temperature is about 20 °C.

Even 40 years ago, a fundamental insufficiency 
of solar energy for industrial use was clearly un-
derstood: because of its low density of energy flux-
es [19], huge areas are required to collect solar ra-
diation for industrial purposes. According to some 
estimates, even for the engineering equipment of 
such facilities, there may simply not be enough 
raw materials in the Earth’s crust to produce not 
only rare elements used in the manufacture of so-
lar panels, but even ordinary structural materials. 
Serious environmental problems are also inevita-
ble due to the dispersion of various elements in the 
biosphere during the production and subsequent 
disposal of panels. Unfortunately, the problem of 
the availability of raw materials for the production 
of renewable sources themselves [20] and the envi-
ronmental problems associated with their produc-
tion, operation, and disposal [10] has not yet been 
given due attention. 

A serious problem of all types of renewable 
energy is the variability of the energy produced 
by them, which requires the peak capacity of in-
stallations several times higher than the nominal 
average, and the cost of energy storage systems 
commensurate with the cost of its generation [10]. 
It was estimated that, in order to meet certain en-
ergy demands only from renewable sources, their 
installed capacity should be 4–7 times higher than 
the installed capacity of traditional sources that 
solve exactly the same task [18, 21]. Another se-
rious problem of solar energy is its low energy 
efficiency EROEI (the ratio of Energy Return on 
Energy Invested). Estimates of this value are rather 
uncertain due to differences in the methodology of 
accounting for different factors, and therefore, they 
vary widely from 0.8 [22] to 8 [23]. Taking into ac-
count the necessary auxiliary systems, the real val-
ue is probably not higher than 6, which is almost 
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on the verge of the minimum acceptable value for 
industrial energy and maintaining high economic 
activity EROEI=3–4 [18].

Taking into account the projected growth in 
energy consumption to meet at least the minimum 
needs of almost 4 billion inhabitants of the most 
backward countries, these estimates do not look 
very optimistic. Therefore, in contrast to the opti-
mistic forecasts of enthusiasts about the imminent 
and almost complete transition to renewable sourc-
es, serious forecasts predict their share in global 
energy at a level of no more than a few percent in 
the foreseeable period [6].

4. Discussion

Energy is not just the lifeblood of modern so-
ciety and a central issue of today’s global political 
economy [24]. Energy is a fundamental concept in 
our Universe, the driving force of all processes oc-
curring in it. Without understanding its global role, 
it is impossible to analyze neither the evolution of 
our Universe nor the processes of evolution of the 
Biosphere, an integral part of which is our Civili-
zation. Therefore, the main question that needs to 
be answered is whether our Civilization can devel-
op progressively without a constant increase in en-
ergy consumption? The second related question: if 
we assume that it is possible to implement the Paris 
Climate Agreement and completely exclude hydro-
carbons from the world energy balance, switching 
exclusively to renewable energy, will this stop the 
Earth’s climate change?

4.1. Can reducing the concentration of green-
house gases stop the increase in the temperature 
of the Earth’s surface?

First of all, it is necessary to understand wheth-
er the increase in the concentration of greenhouse 
gases in the atmosphere is the only and eliminable 
cause of the temperature rise on the planet on 
which Civilization originated and develops. Is it 
possible, in principle, to stabilize the temperature 
of the Earth if the existing Civilization on it gives 
up carbon energy sources? 

According to the ideas formulated in the first 
half of the last century by V. Vernadsky, life is not 
a random phenomenon on the Earth’s surface, its 
appearance on our planet is a natural result of the 
evolution of our Universe [25‒27]. Indeed, during 
the period of its existence accessible to our analy-
sis, there has been a constant complication of the 

forms of matter. Elementary particles were fol-
lowed by the appearance of atoms and molecules, 
then chemical compounds, biological objects, com-
plex forms of life, intelligence and, finally, Civili-
zation, which, apparently, can also be considered 
a natural stage in the evolution of the Biosphere, 
and therefore the Universe. At all stages, the com-
plexity of systems was accompanied by an increase 
in the intensity of their energy exchange with the 
environment, which is necessary to counteract en-
tropy processes. Therefore, an increase in the in-
tensity of energy flows within complex systems 
and the intensity of their energy exchange with the 
external environment as they become more com-
plex can be considered a necessary condition for 
progressive evolution. This is confirmed by the 
surrounding Biosphere and the Civilization that 
has emerged within it. Therefore, it is necessary to 
recognize that the progressive development of Civ-
ilization is impossible without a constant increase 
in the intensity of the energy flows caused by it, 
that is, the intensity of its energy consumption and, 
accordingly, the intensity of the dissipation of this 
energy into the environment.

Thus, even if it is possible to stabilize the popu-
lation of the Earth and not consider its inevitable ex-
pansion into space in the future, a constant increase 
in energy consumption is a necessary precondition 
for the development of Civilization. Any attempt 
to artificially limit energy consumption by curb-
ing the pace of technological development (which 
does not contradict its more rational use) will inev-
itably lead to a halt in the development of society, 
stagnation and subsequent degradation. In the his-
tory of Civilization, there were many examples of 
this, including the fate of the so-called “primitive 
communities” that still exist in remote corners of 
the planet, “perfectly fit” into the surrounding en-
vironment. In fact, they implemented the scenario 
of the Concept of Sustainable Development in their 
specific conditions, “perfectly” fitting into their 
environment and achieving “complete harmony” 
with Nature, paying for it, however, with a halt in 
development and even degradation. However, this 
is hardly the future that Humanity is striving for.

There is no doubt that an attempt to implement 
such a scenario on a global scale will lead to sim-
ilar consequences. Humanity has no choice: either 
to continue progressive development (and, accord-
ingly, increase the consumption of energy and oth-
er resources and their dispersion into the environ-
ment) or to “preserve” our relationship with the 
environment and to “fit” into it with the inevitable 
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subsequent degradation and primitivization of the 
society. Attempts to find an “intermediate trajec-
tory” with a huge number of connections that pro-
vide a relative (not absolute!) stability of the Bio-
sphere, which continues to develop and therefore 
change, and even more presumptuously rely on the 
ability to control such a complex system in “manu-
al mode” is absolutely groundless. 

Thus, the first and fundamental conclusion that 
must be drawn from an analysis of the most gen-
eral trends of the evolution of our Universe is that 
the energy consumption of our Civilization will 
constantly grow, and therefore, its dissipation into 
the environment will grow. This should occur re-
gardless of the type of energy source used, be it 
hydrocarbon fuels, thermonuclear energy, the most 
likely energy source of the future [28], biofuels, or 
solar radiation [10, 29].

The second fundamental conclusion, which 
follows directly from the previous one, is that the 
average temperature of the Earth’s surface will 
also inevitably rise. For example, the global use 
of solar radiation, as alternative energy enthusi-
asts plan, is equivalent to the absorption of an ap-
propriate amount of solar radiation by the surface 
of the planet, that is, a change in its albedo. Ac-
cording to the Stefan–Boltzmann law, the estab-
lishment of a new thermal balance by dissipating 
this additional incoming energy into space in the 
form of infrared radiation of the heated surface of 
the planet will automatically lead to an increase 
in its average temperature. And while the energy 
consumption of Civilization increases, that is, as 
long as its development continues, the tempera-
ture of the Earth’s surface (in accordance with the 
Stefan–Boltzmann law) will constantly increase, 
regardless of any efforts to stabilize it. Even a 
complete refusal to use hydrocarbon fuels and 
the subsequent reduction of the concentrations of 
greenhouse gases in the atmosphere to the prein-
dustrial level will not be able to stop the increase 
in surface temperature caused by the growing en-
ergy consumption of Civilization [29]. 

This conclusion makes it meaningless to set the 
preservation of the planet’s climate as a strategic 
task of Civilization, and requires the formulation 
of more realistic goals. Note also that the idea of 
the possibility of a long-term and comfortable ex-
istence of the world’s population in the currently 
existing climatic conditions due to the transition 
to renewable energy is also illusory and leads to a 
loss of time instead of solving genuinely important 
strategic problems. 

4.2. Controlled development or self-development?

The challenges facing Civilization require a 
system response. The authors of [7] believe that 
more advanced models of world dynamics (World 
Energy Models) and their continuous improvement 
on the basis of scientific monitoring and analysis of 
information flows will allow us to find a way out of 
this situation. At the same time, the organization of 
strategic risk management, forecast and prevention 
of crisis phenomena should become a super-task 
for science, since they can only be compensated 
by a targeted intervention in the social organiza-
tion of society. These ideas reflect the ideas of the 
Concept of Sustainable Development about the 
need to forecast and prevent crisis phenomena and 
strategic risk management, which, according to its 
developers, can ensure crisis-free development.

Indeed, experience shows that the costs of fore-
casting and preparing for natural emergencies are 
about 15 times lower than the damage prevent-
ed. However, it is still unclear whether the idea 
of managed development is even viable. One of 
the most prominent economists of our time, Frie-
drich Hayek, considered spontaneous evolution as 
a necessary condition for progress and the opinion 
that we can do more than we actually do as the 
main mistake. He believes that the market mech-
anism makes it possible to use such a volume of 
information that is not available to any govern-
ing body. Instead of specific goals imposed from 
above, more abstract norms of behavior should 
be adopted. It is precisely because of this that the 
possibilities for the peaceful coexistence of peo-
ple have been expanded beyond the initial small 
groups because in doing so everyone has been able 
to benefit from the knowledge and skills of other 
people acting with completely different goals of 
their own [30].

Hayek emphasized that unified values and goals 
are the main obstacle to achieving any goals. The 
meaning of the market is that all people use their 
own knowledge to achieve their own goals, obeying 
the rules of the game, which are the norms of hu-
man behavior developed by society. Therefore, he 
believes that our social institutions mature as part 
of an unconscious process of structural self-orga-
nization. Morality is not a creation of intelligence, 
it forms a separate tradition “between instinct and 
intelligence.” The significance of this tradition is 
that it provides us with a mechanism for adapting 
to problems and circumstances that are inaccessi-
ble to reasoning. Our moral traditions, like many 
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other aspects of culture, developed simultaneously 
with our reason, but not as a product of it. Hayek 
believed [30], and it is difficult to disagree with 
this, that our moral traditions exceed our intellec-
tual abilities, on which rational management of our 
behavior can be based.

In addition to the restriction on the constant 
growth of energy consumption and basic resourc-
es, which is incompatible with sustainable devel-
opment, another tacit assumption of global dynam-
ics models is that the basic behavioral patterns of 
the world’s population will remain unchanged in 
the future. Although the pace of scientific and tech-
nological progress in the field of genetics, bioen-
gineering, and artificial intelligence is so high that 
drastic changes are not only inevitable, but also 
unlikely to take long to occur. 

A realistic approach to the problem of sustain-
able progressive development of Civilization in the 
inevitably changing world should not set as its task 
the preservation of the environment familiar to us, 
and even more so, should not be reduced to this 
problem. Its goal should be to search for optimal 
ways of mutual evolution (coevolution) of Civili-
zation and the world in which it exists (in the first 
approximation, the Biosphere), as Vernadsky was 
one of the first to point out [25‒27]. Unfortunately, 
the current discussion of the strategy of interaction 
between Nature and Civilization is practically re-
duced to the need to mitigate the impact of Human-
ity on the environment, which is not a solution to 
the problem, but only an attempt to delay the onset 
of the crisis.

The concept of sustainable development can 
be considered as a natural spontaneous reaction 
to the explosive expansion of Humanity into the 
Biosphere because of the rapid scientific and tech-
nological progress of the XIX and XX centuries 
and the resulting mentality of “conquerors of Na-
ture”. As we approached the natural limit of the 
period of active exploration of the planet and its re-
sources, such a “nature protection” reaction would 
inevitably arise. However, it is already necessary 
to move from such a primitive reaction, ensuing 
from the Concept of Sustainable Development, to 
the development of a fundamentally new strategy 
for the development of Civilization in new techno-
logical and environmental conditions. Such a strat-
egy must proceed from the inevitability of mutual 
evolution of Civilization and Nature, including the 
planet’s climate, and to rely not only on current 
but also on projected achievements of Humanity, 
including the possibility of new forms of social or-

ganization and a new type of its subjects, even if it 
sounds fantastic now. 

5. Conclusions 

Based on the above analysis, we can draw some 
conclusions that should be taken into account when 
formulating a strategy for the interaction of Civi-
lization with the environment and analyzing possi-
ble ways of its further development. According to 
the observations of the known Universe, its evolu-
tion proceeds by the constant complication of the 
objects arising in it. As the objects become more 
complex, the intensity of energy fluxes circulating 
in them and the intensity of their energy exchange 
with the environment, which is necessary for the 
counteraction to entropic processes, increases. 
This is true for inorganic systems, for all forms of 
life and all ecosystems, the Biosphere as a whole 
and the Civilization that has emerged within it. 
Our Civilization is the most complex natural sys-
tem known to us, and we have no reason to believe 
that there are any fundamental differences in the 
laws of its development from other natural objects. 
Therefore, with the development and complexity 
of Civilization, its energy consumption has con-
stantly increased, and inevitably and naturally will 
grow in the future. This will happen regardless of 
the sources of energy used by Civilization, wheth-
er it is fossil hydrocarbons, thermonuclear energy, 
or solar radiation, with the increase in energy con-
sumption leading to an increase in its dissipation 
into the environment. The use of solar radiation on 
a global scale, which is the only primary source of 
all renewable energy, will increase its absorption 
by the Earth’s surface, that is, reduce the albedo 
of the Earth’s surface. This will be accompanied 
by an Earth’s surface temperature rise and, conse-
quently, by an increase in the scattering of low-po-
tential IR radiation into space. 

Thus, the current tactic of managing climate 
processes by reducing greenhouse gas emissions is 
in principle not capable of preventing the inevita-
ble future global warming caused by the progres-
sive development of Civilization, but will require 
the expenditure of enormous funds, energy, nat-
ural resources, and intellectual potential. There-
fore, until more realistic ideas about the ways of 
development of Civilization and the corresponding 
strategic decisions are developed, the most rational 
tactic in our relationship with the environment is 
not to fight the inevitable changes, but to prepare 
for them.
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