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Introduction

For a decade and a half now, the world has been living
under the sign of a new ideological doctrine called “sustainable
development.”

This strategy for human development was approved in
1992 in Rio de Janeiro at the UN World Conference on Envi-
ronment and Development, and the definition of sustainable
development was adopted.

Sustainable development helps meet the needs of the pre-
sent but does not jeopardise the interests and needs of future
generations. The authors successfully solved the problem of
choosing the doctrine's central symbol and its basic definition.

The significance of the proposed definition also lies in
the fact that it transfers the solution to the problem of sustaina-
ble development from the external technocratic sphere to the
internal personal sphere. After all, the criteria for balanced
(equilibrium, controlled, amortised, etc.) development will al-
ways remain indicators of material and energy balances calcu-
lated and monitored by some technical specialists (for example,
the exchange between production and nature). The fundamental
pillar of sustainable development is the moral foundations of
each person and his responsibility for what he passes on to his
descendants.

Moreover, the demand for natural resources and a clean
environment will not limit future generations' needs. Human
social development can only be carried out in an adequate envi-
ronment, which presupposes the presence of both primary natu-
ral landscapes and full-fledged components of the cultural en-
vironment. Consequently, the environmental aspect of sustain-
able development, although extremely important, is not the
only one.

Man depends on nature — this is an axiom. But this is on-
ly part of the truth. In modern conditions, nature itself is al-



ready largely dependent on human activity. Consequently, its
state can be considered one maintained by a person. Therefore,
sustainable development is supported not only by development
but also by development. The English term sustainable allows
for such an interpretation.

The above is the result of the primary understanding of
the specified concept, which has, in all likelihood, an infinite
semantic capacity. This demonstrates a telescopic effect be-
cause it can reveal all-new semantic levels and facets of the
specified concept. In particular, nature then supports man's
existence so that he has a subject of awareness (reflection) of
his existence.

The issue of sustainable development is often associated
only with solving environmental problems. Meanwhile, this is
a highly complex and multifaceted set of issues that ensure the
effective functioning of the biosphere-anthropogenic unity
within the planet, which belongs to the class of open stationary
systems. These problems must be solved everywhere, at every
moment, in every corner of the earth where human civilisation
exists. Moreover, each of its representatives must take part in
this process. Success on this path is possible only if humanity
can master systemic, ecologized thinking built on the percep-
tion of uniform development patterns of the systems that make
up the universe.

The socio-economic potential of sustainable development
is the entire toolkit (regularities, principles, mechanisms, meth-
ods, motivational tools, etc.) that can be mobilised to create
absolute prerequisites for sustainable development.

The purpose of teaching the course “Sustainable Devel-
opment” is to develop in students the knowledge, skills and
worldview necessary for making decisions and implementing
activities within the framework of sustainable development.
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1. On the way to sustainable development

Sustainable development is a concept that is simple in its
key idea but infinitely complex in its content and implementa-
tion mechanism.

The simplicity of the underlying idea is apparent. We
must stay within the limits of our influence on nature so that
natural systems have time to self-heal over time: day after day,
year after year, generation after generation.

However, implementing this task turns out to take a lot of
work. Behind the laconic definition lies an infinitely complex
and profound phenomenon. The starting point for its study is the
fundamental principles of developing open stationary systems.

Without understanding what homeostasis and metabolism
of systems are, it is impossible to transform them; without
studying the feedback mechanisms, how adaptations and bifur-
cations of the system occur, as well as other fundamental con-
cepts, it is difficult to count on a deep, meaningful perception
of the issues under consideration. After all, ensuring the stabil-
ity of any system is nothing more than maintaining a certain
level of homeostasis. And it can be maintained only through
constant negative and positive feedback mechanisms that sup-
port or transform the system's state.

It is essential to understand the fundamental essence of
system formation, particularly the trinity of their material (ma-
terial-energy), information, and synergetic (system-forming)
principles. In the triune essence of systems' reproductive mech-
anisms, one must most likely find the keys to exiting the dead-
end labyrinths of the industrialised economy's unsustainable
development.

The main point is that industrial production can break out
of the vicious circle of economic insolvency only through a
qualitative leap in economic system efficiency, dematerialisa-
tion (reducing material and energy intensity), and system inte-
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gration. Modern industrial revolutions, Industries 3.0, 4.0, and
5.0, are designed to solve these problems.

Man occupies a leading position in the concept of sus-
tainable development. It was created for his physical and spir-
itual salvation. But it is up to the person to bring this concept to
life, transforming production, economic relations, life-support
systems, and the entire way of life. To change all this, a person
needs, first of all, to change himself.

The paradox is that maintaining the stability of a person's
physical (i.e., material) nature (the natural homeostasis of his
body) can only be ensured at the cost of extremely rapid
changes in his informational (personal) essence, which repre-
sents a single triune systemic integrity (bio-socio-labor).

The methodological complexity of the perception of the
concept of sustainable development is enhanced by the fact that
talking about the need to manage the state of the existing sys-
temic whole (man-nature-society), determined, in turn, by the
levels of homeostasis of three critical systems: the human body
(and, billions of individuals, living on Earth), the biosphere
(trillions of individuals that make up the planet’s ecosystems)
and the economy (millions of economic entities that ensure the
functioning of the world’s economic systems). This task is also
challenging due to the systemic triad's dynamism under consid-
eration. Any of its states must be reproduced anew simultane-
ously at every point in space.

For the mentioned triune systemic whole (man — bio-
sphere — economy) to maintain its stability, it is necessary to
keep the stability of each of the mentioned systems. The bio-
logical nature of man has extremely limited the environmental
conditions in which he can physically exist, maintaining the
level of his homeostasis. Any deviation in one direction or an-
other in temperature, pressure, solar radiation and hundreds of
other environmental parameters on which the conditions of
human life and activity depend will be fatal for him. To main-
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tain the natural conditions existing on Earth, the biosphere
must maintain the parameters of its homeostasis and, conse-
quently, the quantitative composition of its ecosystems and the
qualitative characteristics of the processes occurring in them.

The paradox is that man himself destroys the existing
homeostasis of the biosphere. This happens for two reasons:

o firstly, due to the growth of the planet's population
(new inhabitants need new natural factors that are no longer
left on Earth);

e secondly, due to qualitative changes in people's needs.

By rebuilding his life, a person changes nature.

In conditions when the processes of human influence on
nature have reached a global scale, he has only two options left
in his arsenal to preserve the stability of natural conditions on
the planet (and therefore himself): the first is to limit the growth
of the Earth’s population, the second is to learn to change the
processes of social production and consumption of products,
causing an increase in negative impact on nature. This can be
done only by rapidly reducing human life support systems' envi-
ronmental intensity (material intensity, energy intensity). More-
over, the rate of this decline should exceed the rate of population
growth or at least correspond to it. Thus, to maintain the homeo-
stasis of humans and the biosphere, a constant change in the
homeostasis of the economy towards its dematerialisation is
necessary. To implement such changes, a person must constantly
modify production technologies, the nature of the products con-
sumed, and economic relations and (as we have already men-
tioned above) transform his inner world.

It took humanity decades to realise that the way out of
environmental dead ends lies in qualitative progressive trans-
formations of production systems, economic relations, and so-
cial structure. It is also understood that the seemingly life-
saving total expansion of treatment facilities can only aggra-
vate the situation due to its colossal material consumption.
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Managing the development process of any system neces-
sarily presupposes the presence of standards and indicators that
characterise the normal and current state of the initial parame-
ters.

2. Fundamentals of systems sustainable
development

To deepen one's understanding of sustainable develop-
ment prerequisites, one must research the fundamentals of sys-
tems development. Detailed analysis of development mecha-
nisms and factors allows the introduction of the diagram of
their integral interaction (Figure 1).

The system is a material and information entity (whole)
consisting of different components. The system possesses
properties that are not present for its components (the entity is
greater than the sum of its components). Development is an
irreversible, directed, and logical change in the system.

The main postulates of the mentioned mechanisms are
the following:

1. Only open stationary systems can develop.

The system's openness means it carries out metabolism,
i.e., exchanging material, power, and information with the en-
vironment. Metabolism serves as a form of free energy entering
the system and removes vital activity wastes from it.

The system can maintain stable (sustainable) dynamic
equilibrium — homeostasis if it is stationary. Homeostasis is
characterised by a dynamic relative constancy of the system’s
composition and properties. It is needed for maintaining the
required difference in physical and chemical potentials (tem-
perature potential, chemical potential, electromagnetic poten-
tial, etc.) between the system and the environment, as well as
between separate components within the system. The system
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can only carry specific homeostasis values that fall into narrow
intervals of the mentioned potentials.
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The deviation of the system’s parameters determining the
level of homeostasis from its optimal values leads to damage to
its functionality or to the termination of its existence as a self-
developing system. It is necessary to reorganise the whole sys-
tem to change the homeostasis level, i.e., to introduce radical
changes to interactions between the system’s components.

Open stationary systems include inanimate structures ex-
hibiting cooperative behaviour, live organisms, ecosystems,
and social organisations (firms, associations, markets, microe-
conomic systems).

2. To carry (maintain) homeostasis, the system uses neg-
ative feedback mechanisms to compensate for the influence of
environmental factors. Negative feedback mechanisms act in
the opposite direction to the influencing factors. To implement
negative feedback mechanisms, the system has to spend free
energy.

3. If the system’s energy balance is disrupted and its total
energy consumption becomes larger or smaller than the free
energy inflow, the system gets reorganised. So, the system
changes its homeostasis level, increasing or reducing it accord-
ingly (if the system is elastic enough for such a reorganisation).
The change in homeostasis level related to the reorganisation of
the system’s structure is achieved using positive feedback
mechanisms. Those mechanisms require free energy as well.

4. The system’s development is accomplished due to the
interaction of three factors: variability, heredity, and selection.

Variability provides random uncertain fluctuations, i.e.,
deviations from the system’s equilibrium state.

Heredity guarantees the regularity of changes. Cause-
effect relationships between the processes determine it. Due to
this feature, the future is dependent on the past.

Selection chooses the most effective states of a system,
i.e., the changes that the system has experienced. The selection
criterion is the minimisation of the system’s entropy. Only the
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system states with the maximum information value can be se-
lected. Eventually, this leads to the minimisation of energy dis-
sipation (irreversible dispersion). Thus, only the most effective
states of the system survive.

5. The system can implement the mentioned development
factors via adaptational and bifurcational mechanisms.

Adaptational mechanisms implement functions of varia-
bility, heredity and selection under the rule of preserving the
main characteristics of the existing system, i.e., within the lim-
its of the same biological organism, ecosystems, firm, and
country.

Bifurcational (branched) mechanisms implement the
mentioned functions based on the consecutive change in quali-
tatively new system states that lose the main characteristics of
their predecessor, although keeping hereditary links with it.
Biological organism generations change, firms restructuring,
radical changes in the form of government, etc., are examples
of such processes.

Bifurcation mechanisms allow for reaching the most fa-
vourable conditions for development. Discontinuity and
branching will enable the system to “forget” the former, less
effective state and to select a new, more effective one (or new
ones) using multivariant search. The exact mechanisms not
only assure the irreversibility of the process but also implement
another essential property of fixing the occurred changes. Bi-
furcational mechanisms are much more effective than adapta-
tional mechanisms as they allow considerably increasing de-
velopment rates.

The origin of the intellect, with its ability to form and se-
lect virtual bifurcations, allowed for significant acceleration of
the development processes (functions of variability, heredity,
and selection). It played the role of impulse in avalanche-like
acceleration rates in nature’s evolution. The computer era rein-
forced these processes.
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6. Information fixing of the changes is the last stage in
every system development cycle. The system memory plays
the leading role here. The memory can accumulate, store and
reproduce information. New standards of the system’s behav-
iour are fixed there. The system will function according to
them until new changes are fixed. To function for the system
means repeatedly duplicating and reproducing the system pro-
cesses of vital activity. Thus, memory serves as the means for
the fixation of the most effective system states. As we see,
memory is the last and crucial component of every develop-
ment cycle.

7. All systems’ functioning and development processes
happen due to the interaction between three natural origins:
energy potency, information reality, and synergetic phenome-
non.

Energy potency stipulates the system’s ability to fulfil
work (change).

Information reality is realised in the system as the sys-
tem’s energy potential, fixed by memory, i.e., its ability to
change in space and time in concordance with strictly defined
programs (the ability to reproduce definite states of the sys-
tem). It means the ability to store or change different parame-
ters of the system: form, colour, scent, vibrancy, other move-
ments, efc.

Synergetic phenomenon stipulates the interactions of the
separate parts of the system. As a result, they begin to behave as
a whole unit. For this to happen, two conditions are necessary:

(a) first, separate parts of the system must react to (ex-
ternal) environmental changes;

(b) second, separate parts must show coherent actions,
i.e. “interact” as synchronising their changes. The synergetic
phenomenon leads to the so-called emergency effect, when
components from the system, i.e. the whole, are greater than
the sum of its parts.
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Acting so, the triad of the abovementioned phenomena
forms the fourth origin of nature — the reproduction phenome-
non, which reproduces a particular natural essence, being able
to reproduce (sustainably renew) its characteristic features in
time. Elementary particles, atoms, molecules, cells, biological
species, and social structures (families, firms, and countries)
can be considered as such essences.

The mechanisms and factors mentioned above create
necessary and sufficient conditions for realising evolutionary
processes. They make a multilevel system that constantly re-
produces those necessary irreversible, direct, and regular
changes of systems in stochastic conditions and indefinite
states of the environment. Socio-economic development can be
sustainable if natural systems' self-organisation, self-regulation,
and self-reproduction mechanisms are preserved.

Reproduction processes unite three factors: energy, in-
formation, and synergetic phenomena. Every natural essence
(plant, animal, ecosystem and the biosphere) is a unique system
that constantly reproduces the unity of three natural origins
(material basis, information and synergetic phenomenon) in
time and space. The reproduction of every natural essence, in-
cluding the biosphere (which guarantees necessary life condi-
tions for human beings), is a very complex task. Human beings
will only be able to understand this reproduction mechanism
partially. Moreover, human beings will only partially control
these processes. It means a human being must not exceed the
level of impact on nature’s reproduction mechanism and its
three critical subsystems:

a) material (critical margins of material component
derivation — plants, animals);

b) information (withdrawal, distorting and collecting
the new information);

c¢) synergetic (impede communication links between
biological species)

19



Preserving the reproduction mechanism is a necessary
condition of life sustainability on the Earth and a prerequisite
of its development in all forms, including social. Development
can happen only due to sufficient development factors: varia-
bility, heredity and selection.

3. Basics of reproduction of systemic human triad
and functions of nature

Problems of sustainable socio-economic development
deal with managing the three interrelated systems: human bio-
logical nature (“bio-person”), the biosphere and the socio-
economic system. The human factor, the leading subject and
object of current changes, is critical to their functioning and
development.

The complexity and difficulty of solving the problems of
sustainable development relate to the complexity of human
nature itself. Human is a unified system (whole), which in-
cludes three interrelated and interconnected systems:

e As a biological creature, a man is a part of the natural
environment in the physiological constitution.

¢ A man as a social creature (personality) is a part of so-
ciety and its social nature.

e A man, as a component of the economic system, is a
workforce, a labour resource.

Environmental factors influence a human via the follow-
ing functions that can be united into four main groups (Figure
2).

1. Physiological functions support a person’s life as a so-
ciological constitution (“bio-person”).

2. Social functions support the development of a per-
son’s personality (“socio-person”).
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Figure 2: Environmental functions

3. Economic functions determine the activity of the eco-
nomic system, including labour resource reproduction (“la-
bour-person”).
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4. Environmental functions form, support, and govern
the state of the ecosystem where a person lives.

Even though three persons (bio-, socio-, and labour-) ex-
ist in one physical body, they differ from each other to a great
extent in their vital needs, such as:

e “Bio-person’s” needs are related to the satisfaction of
the natural necessities in food, water, and air that are essential
for life and physiological comfort (temperature, pressure, hu-
midity, etc).

e “Socio-person’s” needs are related to developing per-
sonality and fulfilling social interests.

e “Labour-person’s” needs are related to achieving
specific economic aims (profit maximisation, cost minimisa-
tion, reproduction of skills).

Everybody can identify the differences between the func-
tions and motives of each person’s actions. Fear, starvation,
and other instincts urge the psychological person. “Socio-
person” is guided by duty, aspiration for self-expression, and
public recognition. The motives of a “labour-person” are the
tendency to make a profit and career goals, among others.

Undoubtedly, it is a very simplified scheme because the
given trinity is not a simple sum of its components; it is a high-
ly complex system. It is well known that a person may be
called the “microspace”. Successes or failures of the “labour-
person” in many cases depend upon the “bio-person’s” health
and “socio-person’s” creative abilities. The “bio-person” and
“socio-person” are closely connected to economic functions.

Emphasising the environmental and economic conditions
and the environmental functions closely related to the compo-
nents forming the person’s trinity is necessary. The prerequi-
sites for solving the given contradictions are, in fact, achieved
mainly at the expense of realising the person’s physiological
and social needs, which, in turn, depend upon the successes of
the economic system.
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Why is it necessary to know the tri-union system of human
essence and the corresponding functions of nature to understand
and solve the problems of sustainable development (SD)?

(a) Breaking the impact margins on the planet’s bio-
sphere will be ruinous for human biological nature (“bio-
person”). This stipulates one of SD's objectives: preserving and
conserving conditions supporting human life.

(b) Problems of sustainable development deal with the
necessity of “bio-person” survival and the provision of condi-
tions for “socio-person” development. This requires preserving
the information value of natural systems where a ‘“socio-
person” lives and develops. It is also essential to solve the
problems of sustainable development itself. Only a socially
developed person (i.e., the one that has sufficient knowledge,
outlook and moral principles) can adequately estimate the
problems of SD, make correct decisions and have the will to
implement them.

(¢) Solving SD problems depends on a “labour per-
son’s” ability to achieve adequate transformation. Their ability
to change themselves and the economic system (to improve
knowledge and human skills, make the demand and supply
“green,” increase the efficiency of processes, and decrease the
resource intensity of production and consumption of goods and
services) will determine their level of success in achieving SD.

Achieving sustainable development is a complex and dy-
namic task. As a result, the art of SD management means the
ability to preserve (conserve) some functions of nature that
support the needs of “bio-person” and partially “socio-person”
and very rapidly change some other functions of nature that
satisfy the needs of “labour-person” and partially “socio-
person”.
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4. Sustainable development: goals, objectives,
problems

At large, sustainable development includes the following
three elements — each of which belongs to the class of open
stationary systems:

e aman as a biological organism and as a social being;

e ccosystem and biosphere in general;

e social-economic system.

Systems analysis can provide us with fundamental differ-
ences in sustainable development objectives from a concept of
pure economic development. The principle goal of sustainable
development is associated with the infinite existence of human
civilisation and its evolutionary development (Figure 3). This
goal is applied at two levels: (i) Necessary level, also known as
subsistence level, which means the physical survival of a bio-
logical human being; 2) Sufficient level, which means the spir-
itual development of a social human being. Both levels are
critical.

A principal goal
is predominantly infinite existence
of human civilization and its
evolutionary development

Providing objectives are:
1) preservation of biosphere in a very narrow sense
when a human biological nature can exist;
2) preservation of the entire natural landscapes as
the information basis for development of a personality
(a social human being)

Supporting objectives
are aimed at reproduction of conditions when the components of biosphere
(ecosystems) can exist

Figure 3: Objectives of sustainable development
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Among the objectives of sustainable development are 0b-
Jectives that are aimed at (i) preservation of the biosphere in a
very narrow sense when human biological beings can exist
(i.e., the human organism can maintain its homeostasis level);
this depends on such parameters as key climate characteristics
and physical parameters (temperature, electromagnetic fea-
tures, cosmic emanation), atmosphere and water composition,
the composition of soil used for agricultural production; (i)
preservation of the entire landscapes as an informational basis
for development of a personality (a social human being).

As well there are supporting objectives that stipulate the
creation and maintenance of the conditions when the biosphere
and its components can exist, which provides some vital condi-
tions for a human being as a biological being and as a homo
sapience.

The social-economic system also helps to achieve some
goals of sustainable development. These goals are (i) provision
of biological metabolism (nutrition and drinking water supply),
(i1) provision of optimal physical conditions, and (iii) provision
of material and informational flows for the spiritual develop-
ment of a human being.

The principal difference among the three components of
sustainable development mentioned above is as follows (Figure
4). As a biological being, a man can live only within a very
narrow interval of physical and environmental parameters set
by nature. Any deviation from these parameters threatens the
entire existence of human civilisation. Some negative feedback
mechanism is required to preserve this narrow interval based
on constraints, standards, bans, sanctions, etc. This is how,
ideally, economic mechanisms should work to achieve sustain-
able development goals.

In contrast, constraints associated with the necessity of
preserving the biosphere and ecosystem elements’ homeostasis
are relative in nature.
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Changes in environmental conditions and the biosphere’s
homeostasis, as well as the preservation of the ecosystem’s
homeostasis, are required conditions for human beings. Nega-
tive feedback loops, including economic instruments, are need-
ed to preserve the original power of land (reserves and national
parks) and reduce the ecological impact on all the natural envi-
ronment components.

The social-economic system is the only element that can
and must transform rapidly. It is necessary because of the satis-
faction of the social needs of a human being that change very
quickly or, in other words, progress; second, it is essential be-
cause of the improvement of the social-economic system itself.
The latter is based on production that satisfies ever-increasing
human needs. To accommodate the constantly growing popula-
tion and stay within the ecological system's capacity, produc-
tion needs have to become more efficient to achieve resource
preservation, particularly in terms of reduction in material and
energy consumption. So, contrary to a biological human being
and biosphere, management of the socioeconomic system
should be a target of progressive change in homeostasis instead
of just its preservation. In this regard, positive feedback mech-
anisms should be developed.

Two approaches, conservative and positive changes, con-
stitute the methodological basis of a modern economic mecha-
nism for achieving sustainable development.

The Conservative approach is based on the use of nega-
tive feedback mechanisms. With their help, mankind resists
any changes (this is where the name comes from) that can
threaten the ecosystem’s sustainability. Currently, in environ-
mental sciences, this approach is realised in the following
forms (Figure 5):

e preservation methods: creation of reserves, national
parks — territories, where the impact on nature is reduced; bans
on endangered biological species;
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o restricting methods: licenses for the use of natural re-
sources; quotas for wild animals trade; environmental stand-
ards; regulation of hunting; birthrate regulation;

e prohibitive methods: bans on hunting of certain ani-
mals; bans on cloning, bans on production and use of some
substances (pesticides, ozone harmful substances);

o regulating methods: soil cultivation (kinds of crops
and kinds of cultivation to be used on hills with different angle
tilt); transportation and storage of ecologically dangerous sub-
stances; use and transportation of biological species and bio-
logically toxic substances;

o suppressive methods include economic sanctions,
fines, increased prices, and taxes.

The positive change approach is associated with incen-
tives to stimulate changes if they help reduce destructive pres-
sure on the environment. Such an approach is based on positive
feedback mechanisms and uses different favourable terms, ma-
terials, and moral incentives for innovations (Figure 6).

The principal goal of this approach is to provide constant
re-production of four essential components of the social-
economic system: (1) demand, (2) supply, (3) people, and (4)
motifs of human activities.
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The economic mechanism is the basis for sustainable devel-
opment in countries with a market economy. The economic
mechanism includes complex economic structures, institutions,
forms, and management methods, with the help of current laws
that follow social and private interests. The essential compo-
nents of such a mechanism are 1) legislative basis of economic
activity (rights, duties, licenses, restrictions, procedures); 2)
property rights; 3) formal institutions; 4) informal institutions
(traditions, morals, religion, spiritual values); 5) economic in-
struments.

Conditionally, economic instruments can be subdivided in-
to three interdependent and interconnected groups: prices of
resources, economic benefits/costs, and transfer payments.

Depending on implementation, systems of ecological and
economic instruments can be divided into four primary groups:

1) Administrative redistribution of funds (primarily fines
and subsidies). This group of economic instruments is a system
of well-defined and well-addressed cash flows (for instance, from
a guilty party to victims), which is used in cases of environmental
emergencies when the consequences of environmental impact are
not conventional and specific evaluation is needed.
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2) Financial transfers are a well-regulated and controlled
system of redistributive mechanisms (taxes, payments, credits).

3) Free market mechanisms of funds redistribution. An
excellent example of this instrument would be the so-called
tradable emission permits that have become widely spread in
some USA states.

4) Promotion in the market. This instrument is related to
using non-monetary forms of economic promotion (e.g., re-
warding with special incentives, free-of-charge advertising),
which gives an additional competitive advantage.

Various countries use different ecological and economic
instruments. However, taxes, subsidies, grants, bonuses, pay-
ments, fines, promotions, price control, insurance, and amorti-
sation instruments are the most popular.

5. Reproduction mechanism of sustainable
oriented transformation of the economy

Success in the sustainable management of human civili-
sation development depends on effectively transforming eco-
nomic systems towards permanent perfection and decreasing
the natural intensity of conditional production needed for hu-
man life support. From now on, this process of economic trans-
formation for sustainable development will be called ecologi-
zation (“greening”). This process is an integral system that
stipulates the permanent reproduction of fundamental produc-
tion factors, including material basis, hardware and people, and
managerial methods.

The transition of post-Soviet countries to market econo-
mies necessitates treating the decolonisation issue of public
production and analysing all complications and communica-
tions of the complete production cycle and public consumption
in a new way. In market systems, people’s needs are the prima-
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ry incentive for social development in general and production
in particular. In the “supply-demand” framework, a demand
side determines a long supply chain.

In an industrial, technological society that has reached a
climax, the productive sphere is the main point in public life.
This sector determines current political, economic, and social
processes. Human beings work with this in mind, frequently
forgetting that the economy is only a means. Frequently, moti-
vation for economic activity is based on something other than
physiological needs or social interests. Very often, this damag-
es human health, spiritual development and personal happiness.
Transformation of the countries of the former socialist block
looks at the problem of “greening” of social production differ-
ently. They analyse the complexity and variety of the relation-
ships through the production cycle and public consumption. In
market systems, people’s needs are the main driving force of
social development and production. The “structure” in the so-
called “demand-consumption market structure” is a powerful
engine that propels the long chain of decisions.

The “greening” of the national economy implies a tar-
geted process of economic transformation aimed at reducing
the integral ecological impact of the production and consump-
tion processes of goods and services on the environment.
“Greening” is realised through a system of organised measures,
innovations, restructuring of sectors of production and con-
sumption, technological conversion, rationalisation of the use
of nature, and transformation of environmental protection ac-
tivities at both — macro- and micro-levels.

Greening of Industry and Commerce might be considered
as a function of a system which continuously reproduces the
interaction of the system’s elements (figure 7):

(1) the reproduction of green needs;

(2) the reproduction of green technological basis;

(3) the reproduction of green labour factors;
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Figure 7: Mechanism of reproduction of greening economy

(4) the reproduction of motives for “greening” produc-
tion and trade.

“Greening” of demand. Reproduction of sustainable
(“green”) demand is defined as the permanent process of shap-
ing the needs for sustainable goods and forming financial pos-
sibilities for realising identified needs. Sustainable goods are
products and services that contribute to the mitigation of inte-
gral ecological impact per unit of aggregate public product.

Furthermore, when discussing the reproduction of eco-
logical needs, we must formulate the required economic condi-
tions for the “greening” of the national economy.

Firstly, reducing the material-energy flows of consumed
goods must not lead to a lower quality of service from the
standpoint of a person’s vital needs. Otherwise, an unpredicta-
ble supply of goods and services to patch up the “breaches” in
consumption standards can occur. Production of these goods
can lead to minimum ecological success.

Secondly, the refusal to use ecologically non-friendly
products must be compensated by an increase in the use of
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more environmentally friendly goods. It is necessary to meet
the condition that the total volume of goods and services sold
(in monetary terms), as well as their production, must remain
the same. It is very important because production is only one
side of human activity in modern world. Even a small de-
crease in numerous inter-connections can lead to considerable
socioeconomic consequences, including a decline in living
conditions and an increase in unemployment. In addition, a
decrease in national income can weaken the technical-
scientific potential, reduce the budget of different sectors, and
worsen ecological problems. So, the demand for the reproduc-
tion of sustainable commodities is the leading link to “green-
ing” the economy.

Finally, demand for sustainable goods must result from
three interconnected economic elements: needs, elements, and
possibilities. Needs are motives for the consumption of goods
that have been realised by people and communities. Needs are
transformed into interests. Demand is undermined by financial
capability, and the ability to pay for goods and services.

It is possible to identify four stages of the development of
sustainable needs.

1. The first stage is associated with the means of control-
ling environmental destruction (“the end of the pipe”).

2. The second stage is related to the environmental im-
provement of technology (“wasteless technology”).

3. The third stage is associated with substitution of unde-
sirable goods and service by “greener” ones (“more efficient
goods”).

4. The fourth stage is associated with the production and
consumption of goods for sustainable development (‘“‘sustaina-
ble lifestyle”).

Evolution of greening cycles of production and consump-
tion of various products can be divided in two possible stages
of development.
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(1) Greening of individual components of the produc-
tion-consumption cycle: production, packaging, communica-
tion, storage, trade, consumption, waste disposal.

(2) The transition of economic systems from producing
individual (separate) material benefits and services to forming
life-prosperity.

The “life-beneficent complex™ is regarded as a destiny
for human life and as an aggregate system of material objects,
cultural values, information, and natural ecosystems that ensure
prosperity and people's physical and spiritual development.

“Greening” of supply. Reproduction of sustainable pro-
duction is considered as the generation of scientific ideas and
information and the formation of technical means needed to
develop the green output. Social, economic, and technological
causes for “greening” should and can be formulated. Social
causes emerge when social interests, cultural values, and pri-
vate interests of people facilitate the development of ecological
needs. Economic causes are set in motion when economic con-
ditions and organisational mechanisms make the supply of
“green” goods and services profitable. Technological causes
arise when sufficient technical means exist to realise ecological
needs in production.

“Greening” people and motivational instruments.
Forming sustainably oriented people is considered a continu-
ous training, education, and experience process that provides
the required information, knowledge, skills, and desire for
“green” production and consumption.

“Greening” of production includes the following:

o Selection of employees with certain qualities.

e Personnel education and training.

o Ecological training and retraining.

e Development of legal standards.

o Activity regulation.

e Development of a system of rewards and penalties.
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o Information.

e Control.

Motivational instruments for ‘“‘greening” imply perma-
nent facilitation of organisational, social, and economic condi-
tions, which promote the desire to achieve the economy’s
“greening” goals. Motivational instruments involve a system of
administrative, ecological, and social-physiological factors.
The following are some motivational instruments in well-
developed countries.

The policy and strategy of “greening”. Specification of
“greening” allows us to formulate local objectives for the trans-
formation of the national economy as follows:

o Restructuring of the economy.

e Restructuring of enterprises.

o Remove the need for non-environmentally friendly
products or services.

o Change of ecologically non-friendly technological
processes.

« Lowering of the resource capacity of the products.

The principles that must be used in the process of “green-
ing” the economy include:

e Integral approach — it stipulates the necessity to take
into account all effects within the cycle of production and con-
sumption of goods.

o Orientation according to the causes — it addresses the
causes, not the consequences.

« Division of responsibility — it identifies the impact and
the degree of eco-destructive activity.

o Formulation of motivational instruments under given
conditions.

o The systems approach identifies direct and indirect in-
fluences on all objects and subjects “greening” the economy.
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o Maximum efficiency — it stipulates achievement of the
goals of “greening” with minimum expenses and maximum re-
turn.

Considering the principles mentioned above and analys-
ing criteria for the eco-destructive influence of the production-
consumption cycle allow the formulation of the main directions
for the “greening” of the national economy (Figure 8).

throughput economy ecologically managed material flows

wasting material material productivity

wasting energy energy efficiency

YYVYY

towards orientation products orientation towards function

reactive environmental protec-
tion

(over-) exploitation of natural
resource

Y

preventive environment protection

Y

sustainable use of natural stock

control of natural processes orientation towards natural processes

YY

throw-away mentality mentality of esteem

Figure 8: Conceptual directions of the development
of environmental tasks (Oosterhuis et al., 1996)

One can foresee the following main stages of the evolu-
tion of ecological needs. The first stage is associated with de-
veloping means of protecting the environment from destruction
processes (pollution). In the second stage, priorities will be
given to substituting ecologically non-friendly goods and ser-
vices for environmentally friendly ones. There are three main
strategies for “greening” the economy.

e Influence on supply, “pull strategy,” the “production-
consumption train.” One can pull the links of “greening” pro-
duction by influencing supply. The essence of this strategy lies
in convincing a consumer psychologically and economically to
use ecologically friendly products.

e Influence on demand is called a “push strategy.” The
essence of this strategy is to create a system of motivational
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influence (ecological standards, economic instruments, infor-
mation supply) that will push the producer to manufacture
“green” products.

o Influence on the communication between producers
and consumers is called “interface strategy” (as in Figure 9).

___________________

| probucrion | »  CONSUMPTION |

___________________

material products
e Storage of raw material

products
o Trade i
1.1 External 2.1 Eco-destructive 3.1 Eco-destructive influ-
a) Eco-destructive influ- influence of the transport ence of consumption.
ence of the current operations. 3.2 Eco-destructive influ-
production. 2.2 Eco-destructive ence of wastes during
b) Influences in the influence of raw material consumption.
previous stages. products storage and
c) Influences in the processing.
following stages. 2.3 Eco-destructive
1.2 Internal influence of trade.
a) Influences on labour
factors.
b) Influences on material
objects.

0 Il 4

Character of causes of eco-destructive factors

ECO-DESTRUCTIVE FACTORS:
e Stipulated by a producer
o Stipulated by an interface sphere
o Stipulated by a consumer

Figure 9: Formation of the eco-destructive factors in the
main phases of the production-consumption cycle

In “greening” the economy, the intermediate links are be-

tween producers and consumers. The following are the ways of
realising this strategy: influential communication, mechanism
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for “green” trade and marketing research, and development of
information systems. This strategy has allowed some countries
to solve significant environmental problems. The embargo on
exchanging rare animals and goods saved wildlife in several
African countries. Japan managed to clean its streets and towns
by introducing strict non-tariff barriers (ecological standards)
on imported transport. Ukraine also lists toxic and dangerous
wastes, including import and transit, as forbidden. Any country
that uses these three strategies has a good chance of real suc-
cess in “greening its economy”. Although many economic cat-
egories have been mentioned, the primary content of different
sides of the production-consumption cycle is a common factor
for all these categories. Man is considered to be within this
factor. Speaking about the ‘“greening” of supply, demand,
trade, and communication means the “greening” of the rela-
tions between people. The “greening” of production and con-
sumption can only be realised through people, labour, skills,
and desires.

6. Natural and societal underpinnings
of sustainability

Sustainability denotes a state of organisation (or reorgan-
isation) of ecological, economic, and social resources that is
attained and consistently upheld through feedback mecha-
nisms. In this state, the system can ensure the dynamic equilib-
rium of its metabolic processes across time and space (Hens et
al., 2007).

The sustainability concept essentially encompasses per-
petuating a sustainable (dynamically balanced) state within a
trifold systemic entirety comprising three fundamental constit-
uents: humankind (as a biological entity), nature, and society.
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This task is of unparalleled complexity. It revolves
around attaining a state of homeostasis characterised by bal-
anced conditions (i.e., relatively narrow ranges of mutable pa-
rameters) across three intricately interconnected systems:

e The human body (extending to billions of individuals
populating the Earth).

e The biosphere (embracing trillions of organisms con-
stituting the planet's ecosystems).

e The economy (encompassing hundreds of millions of
economic entities that underpin global economic frameworks).

The dynamic nature of this triadic system further com-
pounds the task's boundless intricacy. Each state necessitates
perpetual recreation across all points in space and time.

For the tripartite systemic whole — comprising “human
(as the human population) — biosphere — economy” — to pre-
serve its cohesion and stability, the stability of each constituent
system must be upheld (more precisely, self-sustained). The
biological essence of humans significantly constrains the envi-
ronmental conditions within which they can sustainably exist
while preserving their homeostasis levels. Any deviation be-
yond permissible thresholds in environmental factors such as
temperature, pressure, solar radiation, and myriad others cru-
cial to human life and activities would be fatal. Simultaneous-
ly, to uphold the prevailing conducive conditions on Earth —
still suitable for human habitation — the biosphere, in turn, must
safeguard its self-replicating potential, homeostasis parameters,
ecosystem composition, and qualitative attributes of the pro-
cesses they host (Fig. 10).

The biosphere is pivotal in providing the necessary con-
ditions for human biological existence and individual (social)
identity progression. It concurrently serves as the physical ba-
sis environment for socio-economic system operations, func-
tioning as both a resource repository and a venue for waste
disposal (Wilderer et al, 2022). In return, the socioeconomic
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system fulfils many modern human material and informational
requirements. This is particularly true given contemporary hu-
mans' existence within an industrialised societal milieu.

Social and Economic
System

“Bio” Human

Biosphere

Figure 10: Conventional scheme of relationships between
the processes of maintenance of three critical systems:
human biological nature, biosphere, socio-economic system

The biosphere and its constituent ecosystems possess a
finite “‘carrying capacity”, capable of sustaining a specific
planetary population size without jeopardising their well-being.
This capacity is determined by the ecological load introduced
by the production systems responsible for nourishing and fa-
cilitating living conditions for the given number of individuals
inhabiting the planet (Costanza et al., 2017; Daly, 2007;
Plummer et al., 2020).

In the absence of changes in the technological dimension
of production and unaltered levels of specific ecological load
attributed to servicing a single planetary inhabitant (measured
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through indicators such as nature intensity, material intensity,
energy intensity, “ecological footprint”, etc.), and population
growth unavoidably strains the natural systems of Earth. Once
the anthropogenic load surpasses a critical threshold, ecosys-
tems, unable to endure such stress and lacking sufficient time
for self-renewal, begin to deteriorate (Folke et al., 2021; Wil-
derer, 2022). This phenomenon is observably unfolding on
both local and global scales.

Hence, if the intention is to uphold the biosphere's carry-
ing capacity and maintain the ecosystems' self-renewing foun-
dation, two principal strategies must be pursued (Costanza et
al., 2017; Martinez-Fernandez et al., 2021; Victor, 2010):

1) Halt the expansion of the global population and main-
tain its stability within the bounds that the biosphere can viably
support with essential resources.

2) Or acquire the capability to qualitatively reshape the
production complex (alongside the population's needs) so that
the specific environmental load (per individual) impacting the
planet's nature diminishes, ideally at a rate equal to or even
exceeding the pace of Earth's population growth.

However, the physical equilibrium of the aforementioned
system (human — biosphere — economy) solely constitutes a pre-
requisite for what was denominated as sustainable development
during the 1992 Rio Summit. This development encompasses
more than human civilisation's physical endurance; it also en-
compasses its unceasing societal advancement (Sineviciene et
al., 2021; Thanh Son, 2021; Williams et al., 2017).

Paradoxically, humanity disrupts the existing biospheric
homeostasis, driven by two factors: the expansion of the global
population and a qualitative transformation in human needs. As
scientific progress unfolds, novel forms of environmental im-
pact emerge. Concurrently, as individuals reshape their lives,
they also transform nature (Stegeman et al., 2020; Voulvoulis
etal., 2022).
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Projections from various sources indicate that the Earth's
population may stabilise by 2050, a process referred to as de-
mographic transition.

Acknowledging the industrial complex's undeniable
harmful influence on nature necessitates acknowledging this
phenomenon's significant catalysing role in human progress.
Imagining a scenario where humanity coexists harmoniously
with nature, devoid of ecological crises and corresponding
challenges for resolution, implies the cessation of human evo-
lution and a transformation of societal development history into
the annals of the human population's biological existence.

Therefore, notwithstanding its ecologically adverse re-
percussions, population growth is a pivotal propellant of socie-
tal advancement. In an era of population stabilisation, novel
incentives must be devised to propel progressive social devel-
opment.

To reiterate, within a context where human-environment
interactions have achieved global proportions, only two viable
paths remain to secure nature's stability, thus ensuring humani-
ty's stability. The first avenue entails restraining population
growth. The second demand is mastering the transformation of
social production and consumption processes, minimising their
detrimental environmental impact. This endeavour mandates
substantially reduced human life support systems resource use
intensity (material, energy). Moreover, this reduction rate must
outpace or at least correspond with the rate of population
growth (lacovidou et al., 2021; Stegeman et al., 2020;
Weizsiacker et al., 2001).

Considering the causal relationships at play (Mishenin et
al., 2017), three distinct levels of goals can be discerned: the
overarching goal is to preserve humanity as a biological spe-
cies and to ensure the progressive advancement of individual
lives; guaranteeing goals encompass maintaining vital to hu-
man existence and development parameters; and supporting
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goals involve safeguarding the biosphere and localised ecosys-
tems that underpin the prerequisites for human survival.

It is imperative to reiterate that the overarching goal en-
compasses two distinct levels of measurement:

1) the necessary level involves humanity's physical sur-
vival;

2) the sufficient level pertains to the personal develop-
ment of individuals within a society.

Both levels hold paramount significance, even though
this might take time to be apparent.

The guaranteeing goals, arising from the considerations
above, manifest at two levels of reference:

1) safeguarding the biosphere parameters within relative-
ly narrow limits that allow for the sustenance of the biological
nature of humans (climate characteristics, electromagnetic at-
tributes, cosmic radiation, atmospheric and water quality, and
soil composition conducive to agricultural production);

2) upholding intact natural landscapes that foster essen-
tial information exchanges vital for the reproduction of the
personal attributes of a social individual.

Supporting goals involve creating and maintaining condi-
tions that facilitate the existence of the biosphere and its con-
stituent ecosystems. These ecosystems underpin the vital char-
acteristics of human life both as biological entities and individ-
uals.

Accomplishing these goals constitutes a significant re-
sponsibility for humanity. It can be realised through practices
like preserving distinct natural landscapes through the estab-
lishment of nature reserves, minimising anthropogenic impacts
on ecosystems via the creation of reserves and natural parks,
and constraining human interventions in nature through the
development and adherence to environmental standards (Davi-
laet al., 2021), as well as the regulation of living and working
environments.
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However, this only addresses one facet of the challenge.
Another crucial aspect involves the reconfiguration of humani-
ty's technological foundation. Technological systems must be
enhanced to reduce their relative eco-destructiveness (meas-
ured by the ecological consequences per individual on the
planet) as the global population expands. Moreover, this envi-
ronmentally driven transformation of production must be per-
petually replicated. In essence, the augmentation of socio-
economic system functionality (particularly eco-efficiency)
should be perpetually duplicated (Daly, 2007; Martinez-
Fernandez et al., 2021; Spash, 2020).

7. Systemic basics of natural and social objects
functioning

The phenomenon of development is intrinsically inter-
twined with the notion of a system. This is true for the sustain-
able development concept (Smith, 2011; Voulvoulis et al.,
2022; Williams et al., 2017).

A system is any component (subsystem) unified into an in-
tegrated entity through interactive processes, encompassing ma-
terial and informational exchanges, with the shared purpose of
realising a collective function (attaining a common objective).

Not all systems possess the propensity for development;
solely those endowed with self-organisation can evolve. These
systems exhibit the capacity to regulate their activities, thus
furnishing the internal parameters essential for interaction with
the external milieu and within the system's constituents.

In a reciprocal manner, for a system to manifest self-
organization, it must embody two requisite attributes: first, it
must be open, and second, it must be stationary.

The openness of a system is inherently necessitated by
the fundamental requirement for the system to acquire energy
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from its external surroundings. Self-organisation processes
within the system, encompassing control over external envi-
ronmental parameters, movement, and internal state alterations,
invariably demand energy expenditure. The system can solely
replenish the energy it expends (akin to the mechanisms ob-
served in biological organisms) by engaging with the external
environment. This entails an openness that facilitates the ex-
change of matter, energy, and information between the system
and its external surroundings. The system takes essential mate-
rial and informational resources from its environment while
concurrently expelling waste products from its vital operations.

Openness, however, is only a preliminary condition es-
sential for sustaining the system's vitality. An adequate condi-
tion demands effective substance, energy, and information ex-
changes between the system and its external environment and
among distinct components of the system itself. External ex-
changes contribute to the system's nourishment by importing
energy and substances from the environment and exporting
waste products produced during its life processes. Concurrent-
ly, internal exchanges oversee the processing of material and
informational flows. Extracted energy and the transformation
of acquired substances and energy are employed to refurbish
and develop the system. These interactive processes collective-
ly constitute metabolism, a term signifying change or transfor-
mation.

Stationarity represents another pivotal attribute of self-
organising systems. It epitomises the capability of sustaining
the system's condition within a relatively narrow and stable
range of its parameters, commonly called homeostasis. Home-
ostasis embodies the stable distinction in physical and chemical
potentials — spanning altitudes, pressures, temperatures, elec-
tromagnetic attributes, chemical characteristics, and more —
between the system and its external milieu and among distinct
segments of the system itself. This differential state facilitates
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material and information flow, sustaining the system's metabol-
ic exchanges.

Hence, stationarity can also be understood as the system's
capacity to uphold homeostasis. The concept of stationarity
plays a pivotal role by sustaining the system within the parame-
ters of homeostasis, which optimises the system's operational
efficiency and fosters energy accumulation to drive its devel-
opment.

The Triad of Natural Principles of a System: The creation
of any system is grounded upon three inherent natural princi-
ples:

e Material and Energy Principle: This principle encom-
passes material substances and energy that empower the system
and its constituent subsystems to move, transform, and perform
tasks, enabling change and development.

e Informative Principle: Operating as a guiding force,
this principle imparts directionality to movement across space
and time. It shapes the information pathways governing inter-
actions between system components and establishes the over-
arching program for the system's holistic development.

e Synergetic Principle: This principle harmonises the
system's parts, consolidating them into a cohesive whole and
serving as a unifying force.

The interaction of these principles is essential for their
manifestation. For instance, the purposeful utilisation of energy
necessitates the directional influence of the informative princi-
ple; otherwise, energy merely contributes to random motion,
akin to “Brownian motion”. Conversely, only material entities
possessing energy potential can be directed and unified.

Isolated implementation of the material, energy, and in-
formation principles is implausible without the synergistic
principle. The coordinated interaction among the system's
components is imperative for any internal or external work to
transpire.
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These natural principles, coalescing in synergistic collab-
oration, have engendered and perpetuated various systems —
entities prevalent in nature: elementary particles, atoms, mole-
cules, cells, organisms, and societal structures like families,
businesses, and nations. The universe, Earth's nature, and hu-
man civilisation emerge from this foundational interplay.

Each such entity's existence hinges on the perpetual rep-
lication of these three principles within itself: material-energy,
informational, and synergistic. This replicative phenomenon
guarantees the ongoing recurrence of each entity's characteris-
tic attributes over time (Fig. 11).

Synergetic
Phenomenon

Energy
Potential

eproductive
Phenomenon

Figure 11: Essential foundations of the system emergence
and development

The fabric of the systems surrounding us is inherently tri-
adic. It simultaneously embodies a material essence, an infor-

47



mational program, and the product of synchronised interactions
among other systems (subsystems) within nature.

A system embodies a threefold nature, seamlessly inte-
grating material, informational, and synergetic facets.

Material Role: The system operates as a material entity,
proficient in accumulating and expending energy through its
work performance.

Informational Character: As an information program, it
self-organizes, perceives, and processes information from the
external milieu, perpetuates its information, and orchestrates
the mechanisms governing its establishment, functioning, and
advancement.

Synergetic Phenomenon: Functioning as a synergetic
phenomenon, the system merges through interactions, fostering
mutual adaptation and alignment. This entails adjusting the
parameters of its subsystems to fulfil system-wide functions
and guiding its conduct in interaction with similar systems on a
system level.

It's impossible to privilege one principle — material, in-
formation, or synergetic — over the others, as they are inherent-
ly interconnected. In their absence, the system would falter:
without material, there would be nothing to construct the sys-
tem from; without information, systems would remain amor-
phous, engulfed in formless chaos; without synergy, individual
parts wouldn't merge into a unified whole.

These principles, integral to each other, underpin sys-
tems' formation and dissolution. The process can be illuminat-
ed through various system types, such as ecosystems. In the
realm of ecosystems, the interplay of these principles can be
illustrated as follows:

Actions towards enhancing ecosystem well-being en-
compass:

e Material and Quantitative Enrichment: Augmenting
the presence of plants and animals within the ecosystem.
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e Informational Enhancement: Elevating the qualitative
status of the ecosystem by optimising the species composition
and improving the state of biological species.

e Synergetic Refinement: Enhancing interactions among
system elements, mainly through improved communication
channels.

e Integral Self-Organization Enhancement: Strengthen-
ing the ecosystem's intrinsic mechanism of self-organisation.

In contrast, actions contrary to these directions can lead
to ecosystem degradation and eventual collapse:

1. Destruction of Flora and Fauna: Eliminating plants and
animals.

2. Decline in Biological Species: Eroding the qualitative
condition of biological species disrupts the ecosystem's species
composition equilibrium.

3. Disruption of Communications: Blocking species and
interspecies communication channels.

4. Impairment of Self-Reproduction Mechanism: Ham-
pering the ecosystem's self-reproduction mechanism.

In this intricate interplay, systems' triune nature—
material, informational, and synergistic—dictates their behav-
iour, development, and sustainability.

8. Contours of a sustainable economy

A sustainable (green) economy is an economic system
that enables sustainability goals. Its conceptual foundations are
based on three hypotheses (Commoner, 1974; Daly, 2007):

¢ the infinite expansion of the impact in a limited space
is impossible;

e the satisfaction of endlessly growing human material
needs within limited resources is impossible;

e cverything on the Earth is interconnected.

49



Existing natural realities (resource limits) ultimately re-
strict the development of productive forces and human civilisa-
tion's material and energy metabolism (Wackernagel et al.,
2023). In this context, the main pillars of a sustainable econo-
my become clear (Fig. 12). The Third and Fourth Industrial
Revolutions are called to facilitate it (Melnyk et al., 2019).

Use of renewable resources and closing of
resource cycles

( . . . )

| Material components harmonized with
ecosystems

\. J
_r Stability of industrial metabolism and its )

| dematerialization )

( 3\
—| Efficient energy accumulation and storage

. J/

( )

Permanent self-optimization of technical
systems for optimal parameters of homeostasys

( )
— Continious self-improvement mode

\. J

( 3\
—| Functioning within ecological thresholds

. J/

( . . . . . )
| Protection and conservation of biodiversity and

ecosystems

\ J

( .. . . )
| Priority of reproduction of personal basics of

| mankind )

Figure 12: Contours of the sustainable (green) economy

50



Examining the attributes characterising traditional and
sustainable economies facilitates a more comprehensive vision
of the latter's distinct essence (Table 1). In numerous aspects,
the attributes delineating the sustainable economy mirror the
outlines of the previously mentioned “spacemen economy.

Table 1. Comparative analysis of traditional and sus-
tainable economies

Characteristics | Traditional Economic Sustainable Economy
System
The main type of | Non-renewable Renewable

resources and
sources of energy
The main basis of | Strengthening material |Improvement of informa-
development and energy factors tional and  synergistic
(communication) factors
The main task of |Replication of products |Generation of design and

production and services technological ideas and
innovations

Targeted envi- Economic goals with Environmental goals with

ronmental and environmental limita- economic limitations

economic policy |tions
Type of nature Consumption of compo- | Use of functions of integrat-
use nents of the natural ed natural resource potential
environment
Type of natural | Transformation of natu- |Use of natural substances,
transformation ral substances; applica- |processes and reproductive
tion of man-made pro- | cycles

cesses

The type of set- | Industrial-centric: in the |Nature-centric: in the center

tlement area center — an industrial of the housing — a natural

formation object, housing — on the |object (forest, lake, park),
periphery the industrial environment is

on the periphery

Prior type of Material goods to ensure | Informational  goods to

consumption the biological nature of a | develop the personal nature
person of humans

The degree of Convergence (unifica- | Divergence (increasing the

needs unification |tion) of needs degree of diversity) of needs
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It is pertinent to reference the principles delineated by
Daly H. E. (2007) that underpin the fundamental tenets of the
sustainable economy:

e Rates of consumption of non-renewable natural re-
sources must not surpass the rates at which renewable ones
replenish these resources;

e Rates of utilisation of renewable natural resources
should remain below the rates of their replenishment by natural
systems;

e The bounds of disturbance and pollution inflicted up-
on natural systems should not exceed the assimilation and re-
generative capacities (carrying capacity).

The cardinal attributes of the sustainable economy are
meticulously tailored to propel it toward an elevated echelon of
ecological and economic efficacy. This transition aims to fa-
cilitate its functioning with minimal impact on natural systems.

9. Key pathways for advancing sustainable
economy

It is conceivable to articulate the essential attributes of a
sustainable economy. These attributes concurrently guide the
trajectory along which the economy must advance in its pursuit
of sustainability. The principal qualities encompass:

e Resource Renewability: Nurturing renewable re-
sources to serve as the foundational cornerstone of a sustaina-
ble economic model;

e Dematerialisation: Dramatic curtailment of both re-
source consumption (material and energy) and environmental
impact;

e Transformability: Continual progression through evo-
lutionary transformations to enhance system functionality;

52



e Innovativeness: Predisposition to swift integration of
progressive innovations;

e Naturalisation: Aligning the composition of materials
used, energy sources, and technologies with those inherent;

e Personal Orientation: Shifting focus from economic
objectives to prioritising the social (personal) advancement of
individuals;

e Information Orientation: Emphasizing the production
and consumption digitisation;

e FEthnoization and Humanization of the Economy: Ad-
herence to ethical foundations fostering sustainable justice;

e Synergization: Coalescing individual economic enti-
ties into integrated systems, engendering networks of local,
regional, continental, or global scale;

e Decentralisation: Amplifying autonomy for individual
economic actors, grounded in the idea: “the centre is every-
where, the periphery is nowhere”;

e Self-organisation:  Elevating the system's self-
organisation, guided by the tenet: “Think globally — act locally”.

Interplaying with one another, these attributes forge a
multifaceted functionality of the socio-economic system,
poised for the transition towards sustainable development.
Simultaneously, each attribute is an objective propelling a spe-
cific course and facilitating other attributes (directions). For
instance, the dematerialisation of social production necessitates
the synergy of resource renewability, continuous economic
transformation, innovative rejuvenation, naturalisation, and the
replication of other attributes, including personal orientation.
Likewise, dematerialisation (which fundamentally diminishes
costs and endorses environmental consciousness in need satis-
faction processes) constitutes a pivotal mechanism of personal-
ly oriented (human-centric) development.

System progress entails the augmentation of self-
organisation. This process of system organisation is channelled
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along four primary trajectories: material-energy, informational,
synergetic, and integral — the first three result from specific
factors governing system formation. The fourth dimension en-
compasses the comprehensive process of replication of all three
groups of factors. It is a phenomenon driven by the pervasive
effect of the reproductive mechanism inherent in system for-
mation. The reproductive phenomenon manifests itself in every
natural system entity. It embodies the capability of reproducing
the triad of specified natural principles — a phenomenon that
reveals the system's capacity for self-organisation.

Cognizant of the dialectic nature of the system formation
mechanism, it is feasible to delineate four pivotal directions for
system sustainability:

1) Transformation of the material and energy component;

2) Enhancement of the information algorithm (program)
governing economic system formation;

3) Refinement of the synergetic component (intercom-
munications, relationships, infrastructure);

4) Elevation of the level of self-organisation within eco-
nomic systems.

An integral facet of the sustainable economy's realisation
encompasses fostering sustainable demand — an appeal for
goods (products and services) that facilitate attaining sustaina-
ble development goals. This pertains to information goods
catalysing individual growth (educational and healthcare ser-
vices, cultural and artistic products, tourism, scientific pursuits,
etc.). Their share within the consumer demand structure must
experience continuous augmentation. This augments the reduc-
tion of ecological burdens on the natural environment, for in
these sectors, the information — as the primary resource — often
significantly outweighs the material and energy contribution in
producing goods.
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Roof panels (Germany)
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Windmill tree (France)
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M. M. Neplyuyev among his first pupils. Photo 1887
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Disbalanced state of the three systems
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Project of different states of a rotating skyscraper

Dynamic Tower in Dubai
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4. Characteristics of

metatrends
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