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Formulation of the problem. It is extremely important to see the logics of the events taking place
when analyzing the behavior of economic systems. It helps making reasonable decisions, and if possible
avoiding mistakes that could lead to negative consequences in the future. This research is devoted to the
analysis of cause-effect relationships and the role of innovations in the process of ‘green’ (sustainable)
economy formation and implementation of the Third industrial revolution.

Unsolved problems. The Third industrial revolution (T.i.r.), which humanity is currently experiencing,
was the reaction of human civilization to the inability to solve global environmental problems within the
existing socio-economic formation. In scientific publications on this subject, mainly general questions of
the T.i.r. are considered, that does not allow forming a systematic view of the cause-effect relationships
and role of innovations that determine the T.i.r. phenomenon.

Analysis of recent research and publications. The main problems of modern transformation
processes in the economy are considered in studies [1; 11; 15; 25]. The development of the main innovative
solutions of the Third Industrial Revolution is presented in [28; 37; 38]. The influence of basic innovative
technological innovations on the economies of different countries is presented in [40; 43; 44; 46; 48].

Objective. The article analyzes regularities of innovations origin that determine the events of the T.i.r.
and its influence on the formation of economic systems at different levels.

Research results.

1. The Legacy of the Second Industrial Revolution (S.i.r.). Apparently, people who lived at the turn
of the 20t and 21st centuries could not even imagine that some hundred years ago their predecessors did

1 The article contains the results of research carried out in the framework of research Ne 0115U000684, Ne 0117U003260
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not enjoy electricity, communication (TV, radio, telephone), personal computer, cinema, modern modes of
transport (car, airplane, metro) etc., so familiar to all of us at the end of the 20t century. These and other
important innovations of modern civilization were the result of the S.i.r. (Figure 1).

Electricity

Market self-organization mechanism
Personal computer

Global communication system
Accumulators and autonomous power sources
E-mail

Electronic banking

Internet commerce

Virtual enterprises

E-government

Satellite control systems (GPS)
Distance leaming

Social networks

Global economic system

All-planet memory system (“cloud")

Main technological and socio-economic products of the Second Industrial Revolution

Production, transportation and use of electricity

Metal production and machine building

Chemical and bio-technologies

Production lines and standardization

New forms of fixation and transmission of information (photo, film, video, TV, radio, print,
telephone, telegraph, etc.)

Education

Computer information processing

o Global communications, incl. the Internet

Basic Technologies of the Second Industrial Revolution

Figure 1 - Technological and socio-economic heritage of The Second Industrial Revolution
(elaborated by the authors)

Meanwhile, it took only a dozen years to introduce quickly all these things into our life. Some 10-15
years ago we even had no idea about them, but it is already difficult to live our everyday life without mobile
phones, digital communications, ATMs and, of course, the Internet. In fact, this is the legacy that the S.i.r.
transmits to the T.i.r., aimed at solving the problems that could not be solved. Global ecological crisis is
the most serious problem. Unprecedented resource-intensive industrial technologies brought by the S.i.r.
caused this global ecological crisis.

One can discuss the conditional determinism of the beginning and end of any revolution. This means
that, firstly, there is a certain cause that determines its occurrence, i.e. a complex of systemic
contradictions which cannot be resolved in the conditions of the previous state of systems. Secondly, in
order to solve the above contradictions, there is an objective set of system’s parameters, to which the
revolution must bring it along the development attractor, i.e. conditional trajectory of system’s
transformation. The phenomena that determine the cause of the revolution form necessary prerequisites
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for its realization and the socioeconomic system’s development level forms sufficiency prerequisites.

The fundamental reason that grounds the emergence of the T.i.r. is the contradiction between the
limited capacity of the natural resource potential of the planet and the excessive energy and material
needs of mankind. Overproduction of energy from burning fossil fuels destroys the planet's energy system,
and ‘hard’ technocratic methods of using the Earth's material resources undermine its ecosystems and
the biosphere as a whole [36]. The T.i.r. is designed to ensure the transition to renewable energy and a
significant (at times) increase in the efficiency of natural resources use.

2. Basic innovation trends of the Third Industrial Revolution (T.i.r.). The prevention of global
ecological catastrophe and ensuring social (personal) development of a man are among the key tasks of
the T.i.r. Actually, this is what the Declaration on Sustainable Development, adopted in 1992, says. In
most Russian-language documents it is called ‘ustoichivie razvitie’ (ukr. ‘stalyi rozvytok’).

Existing natural and ecological realities, which ultimately impose restrictions on the development
of productive forces and the corresponding parameters of the matter-energy metabolism of human
civilization in the conditions of the Earth [36], form main contours for economic goal-setting in the course
of the T.i.r. as shown in Fig. 2. Conditionally, such an economy can be called sustainable economy, since
it ensures the achievement of sustainable development goals. It can also be called ‘green’, because it is
based on the use of renewable (‘green’) natural resources and ‘green’ (environmentally friendly)
technologies.

Use of renewable resources

Closed resource use cycles

Material components harmoniously fit into ecosystems
Stable volume of industrial metabolism
Dematerialization of metabolism (at times!)

Effective energy storage

Mode of constant self-optimization (self-adjustment) of technical systems
The regime of constant self-improvement

Exceeding environmental parameters

Conservation of biodiversity and ecosystems

Priority of reproduction of the person's personal basis

PN

Basic innovation trends

Figure 2 — Key directions for socio-economic systems’ transformations in the course
of the T.i.r. (elaborated by the authors)

In order to objectively analyze the essential content of the T.i.r., it is necessary to understand its
essence, its underlying principles and how it differs from the previous industrial revolution.

The second industrial revolution reached its culmination, with the introduction of production lines for
the mass production of standard consumer goods. Electricity became a single energy basis, driving
diverse machinery and equipment. The high level of informatization of the production basis made it
possible to greatly facilitate the processes of manufacturing products and managing complex technological
systems. At the same time, an impetus was given to the development of science, the tremendous increase
of the educational level of population and the formation of automated bases for information processing. It
was the basis for the launch of the T.i.r. During the S.i.r. science turned into a productive force, that
naturally determined the design and technological cycles of production systems, production processes
remain the leading ones in terms of labor costs and expenditures. In the T.i.r. science, including design
becomes the dominant link in the overall product development cycle.
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The Third industrial revolution, as we have already said, is aimed at solving the mentioned problem of
the global ecological crisis. A necessary condition is a radical dematerialization of industrial metabolism,
which finally must be accompanied by a significant decrease (at times!) of energy intensity and material
consumption of human life processes.

The T.i.r. marks a series of basic innovation transitions from the fundamental features that distinguish
the economy of the epoch of the S.i.r., to the characteristics of sustainable economy born in the course of
the T.i.r. The main transitions can be expressed as follows:

+  from primary use of non-renewable resources to primary use of renewable resources;

. from broken to closed cycles of nature management;

. from subtractive to additive technologies (in the first case, the process of manufacturing products
occurs by cutting unnecessary, in the second - by adding necessary method, this is how 3D printers work);

. from multiple forms to a single digital form of fixing and transferring information;

. from isolated to network production systems;

. from vertical (complex-intermediary) to horizontal (direct) production and consumer structures;

. from capitalist or command to solidary forms of economic relations.

These transformations can be realized only when necessary prerequisites are created.

3. Objective factors for the T.i.r. to start. In addition to the prerequisites for the objective necessity
of realizing a certain revolution, some events usually occur, that serve as a definite stimulating motive (a
kind of a trigger) that launches the very revolution mechanism. The experts [12; 14; 25] agree that the
T.i.r. started in Europe at the end of 2000. Time and place, obviously, are not accidental.

The period of the EU's adoption of a set of measures to implement the T.i.r. coincided in time with
2007energy crisis, when oil price on world markets jumped on average from several tens to $ 120 per
barrel. World leading economies have reacted to this by a sharp price increase for manufactured goods
and its general slowdown. When, in July 2008, the price for a barrel of oil reached $ 147, and the prices
for manufactured goods increased drastically, doubling and tripling the price of certain groups of goods
due to a sharp decline in the purchasing capacity of the population, the leading world economies practically
stopped altogether. Two months after that, a severe financial crisis broke out.

In June 2007 a Directive plan known as ‘Three 20s (20-20-20") was adopted in the EU. It pushed the
EU countries by 2020 achieve the following: energy systems efficiency increase by 20%, carbon dioxide
emissions reduction by 20%, renewable energy sources share increase in the energy balance of the
European Union countries by 20% on average [14].

The European Parliament has obliged all the EU countries to bring the level of renewable energy
sources (RES) use to 20% in the total generation of electricity (today it is already approaching the target)
by 2020. By 2040 the share of renewable energy sources is supposed to be increased to 40%. In particular,
in March 2017, the share of renewable energy in some EU countries was already more than 40%.

According to the European Commission decision, since 2019 all public buildings in Europe must satisfy
nearly Zero-Energy building principle - buildings with zero energy consumption and since 2021 - all new
buildings must comply with such requirements. At the same time many buildings are transferred to closed
schemes of water use. All houses are converted into mini-power plants for ‘collecting’ solar, wind, thermal
(underground) and biogas energy. The house itself turns into an ‘intelligent’ automated system that
manages engineering devices in an optimal mode [14]. In Germany, solar power plants installed on the
roofs of skyscrapers have already allowed covering up to 50% of their own energy requirements [26].

It is planned to create a unified information and energy system (EnerNet) that will ensure the
collection/purchase (from separate sources — mini-power stations), transmission, storage, conversion and
use/sale of electricity in the most efficient mode. It is foreseen to exchange energy flows between certain
regions (in particular, in the daytime, the southern European countries will supply the northern countries
with solar, wind and biogas energy, and at night — northern countries will supply the energy generated by
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hydroelectric power stations) [21].

In March 2011, there was, however, another event that forced the EU countries to intensify work on
the implementation of the T.i.r. It was the largest in modern history radiation catastrophe (maximum 7t
level according to the International scale of nuclear explosions) at Fukushima-1 nuclear power plant
(Japan). It forced the revision of the EU's strategic development plans.

The European Commission released its Energy Security Strategy in May 2014. The Strategy aims to
ensure a sustainable energy supply for European citizens [33]. To ensure secure, sustainable, competitive
and affordable energy for European consumers the European Commission presented an ambitious Energy
Union Strategy. It was launched on 25 February 2015 [49]. On 30 November 2016, the Commission
published a proposal for a revised Renewable Energy Directive to make the EU a global leader in
renewable energy and ensure that the target of at least 27% renewables in the final energy consumption
in the EU by 2030 is met [31].

In many EU countries, the share of electricity generated by nuclear power plants averaged between
30 and 40% (Bulgaria, Hungary, Germany, Italy, Slovenia, Finland, and Sweden). In Slovakia and France
more than half of the national electricity was produced by nuclear power plants (54% and 78%,
respectively) [3; 10]. The shock of the Japanese catastrophe was so strong that it forced us to seek a
replacement for atom energy. In a relatively poor for fossil energy resources Europe, the problem could
be solved only through the intensification of the use of renewable energy sources. Europe reacted by
launching the processes in the whole chain of an integral systemic phenomenon called the ‘Third Industrial
Revolution’.

4. Sufficiency prerequisites and key innovations for the T.i.r. implementation. Any system is
formed as the interaction of three principles (basic groups of factors): material, information, and synergetic.
Conditionally (symbolically) their functions can be expressed in the following way: material - drive (work);
information — direct (form information development algorithm); synergetic — combine (ensure coordinated
behavior of individual subsystems). (See details in: [8]).

Fig. 3 shows the necessary basic prerequisites for the implementation of the T.i.r.

SYNERGETIC

e The emergence of the Internet
. Networking

Prerequisites

MATERIAL INFORMATION
o Effective methods for obtaining renewable resources o Automatization for information processing (computer)
nergy, matter) o ‘Digit’ as a basis for fixing and transferring information
o Additive technologies based on 3D printers o Cloud technologies

Figure 3 — Basic prerequisites (light box) and key innovations (grey box) for the launch of the
Third Industrial Revolution (elaborated by the authors)
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They assume: first, the availability of effective (i.e., quite cheap for a unit of work performed) technical
means (in particular, installations of alternative energy and 3D printers); secondly, the provision of a single
(‘digital’) basis for fixing and transmitting information (for the implementation of communication between
people, a man with a machine and a machine with a machine), as well as the formation of a global memory
system and a unique ‘planetary brain ocean’ based on ‘cloud’ technologies; thirdly, the formation of a
unified communication platform on the basis of the Internet and network systems.

A detailed analysis gives the understanding that each of the above mentioned groups of prerequisites
determines two groups of prerequisites: technical and economic. The first one assumes the emergence of
technical capabilities to solve a particular problem (for example, the creation of an appropriate tool). The
second one refers to ensuring its cheapness, sufficient for mass introduction at the level of enterprises,
regions and national economies.

Conventionality, we can say that the technical groups of prerequisites appeared during the S.i.r. Basic
technical solutions for the creation of solar panels, wind generators, 3D printers and computers appeared
that time. However, perfection, efficiency, manufacturability that led to a sharp price reduction was
achieved with the launch of the T.i.r. However, it can be said in another way: the achievement of sufficient
cheapness was the trigger that gave the start to the T.i.r.

The main innovation breakthrough of the T.i.r. provided cheapness and efficiency in: a) obtaining
renewable energy; b) energy accumulation; c) production and operation of 3D printers; d) information
fixation, processing and transmission. This is confirmed by many scientific publications.

5. Energy innovation. Since 1970, the cost of solar energy production has been reduced by 150
times (!). The alignment of prices for traditional and alternative energy forecasted for 2021was already
achieved in 2015 [22; 47; 48].

Areal struggle for a record price of solar energy began in 2016. At the beginning of the year SunEdiscn
company offered a fantastically low price of $ 29.1 per 1 MWh of electricity at Chile auction. This is half
the price of electricity received from coal power plants. In August, a new record was set in the UAE — $
24.2. Finally, Danish energy company Pure & Better Energy set a new world record at the end of the year,
selling 20 MWh of solar energy at $ 18.1 per L MWh [9 ].

The European Union became the leader in ‘green’ energy development, as evidenced by the records
of ‘green’ energy sector (Table 1).

Table 1 - Alternative energy records

Period Type of energy produced, country (region), source Energy share in total energy balance,%
9.09.2015 Wind energy, Denmark [30] 144%
During 2015 Wind energy, Denmark [30] 42% (average, in 17% of time reaches 100%)
08.05.2016 Alternative energy (sun, wind). Germany [27; 29] 87%
07.05-11.05.2016 (107 hours) |Renewable energy (sun, wind, biogas). Portugal [13] 100%
02.10.2017 Wind energy. Scotland [4] 206%
Starting 01.01.2017 Wind energy for electric trains of the national 100%

railways. The Netherlands [32]

It is generally stated that Ukraine is also in the trend of ‘green’ innovations, sustaining its energy and
transport (Table 2).

The effects of energy and transport innovations are complemented by synergetic effects of
technological innovation.

6. Technological innovations. The implementation of additive technologies is provided by the wide
introduction of 3D printers. This is another major innovation. A well-known scientist Jeremy Rifkin stated:
‘3D printing marked the beginning of the Third Industrial Revolution’ [45].
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Table 2 — Dynamics of green energy and green transport development in Ukraine

Years
2017 (forecast
Indexes, source 2015 2016 according(to 9 months
of the year)
Green energy capacity installed, MW (% of total energy balance) [2; 5; 17] | 0,6 (1,3) 1(2) 19 (4,3)
The number of RES installations in private households, units [18] 244 1110 3030
RES capacity installed in private houses, MW [18] 22 16,7 52,0
The number of registered electric vehicles in Ukraine, units. [16; 20] 470 1602 3300

In addition to the tremendous savings in raw material costs, technological costs for the preparation of
production processes (labor, energy, materials) are minimized. A computer with a 3D printer manages the
production processes and if necessary brings changes and diversifies products forms at minimal costs.

Company Context data, the world market of 3D printing will reach $ 17.8 billion by 2020, and the
market for 3D printers in the period 2016-2020 will increase from 1.8 billion dollars to 6.4 billion dollars,
with annual increase by 30-40%. In 2016, the world produced about 2.5 thousand models of various 3D
printers (Boing, Samsung, Siemens, Canon, and General Electric) [7].

A breakthrough in building sector using concrete 3D printing began in 2014. Shanghai company WinSun
built ten 3D printed houses in 24 hours, and afterwards printed a five-storey house and a mansion [24].

Since 2013, 3D printers have been widely used in food industry [39]. As media reports leading shoe
companies widely use 3D printing (about 10%). A 3D printer has long been used on the international space
station. In particular, missing tools are printed. If necessary, their digital images are transmitted from the Earth.

There were reports of a possible significant reduction in 3D printer cost. In particular, such a device
can cost no more than a refrigerator — about 180 US dollars [6].

Today, technologies have become very cheap. For example, the production of sensors and RFID tags
are as cheap as one dollar. This is a step towards mass production [23].

7. Economic transformation of enterprise, region, country. The forthcoming changes are aimed
at transforming economic image of enterprise, region, and country. Today we can witness the following
directions for innovation transformations:

« transferring the center of gravity (and consequently, costs) in the production process from product
replication cycle (in other words, the production of goods) to design cycle forming the main value of the
future product [1; 39];

« significant dematerialization of production means and manufacturing process; the means of
production are computerized: (algorithms, programs, databases); additive technologies sharply reduced
the demand for raw materials, and due to its unification most of the logistics problems disappear [19];

+ transition from large-scale industrial enterprises to networks of small or individual producers [42];

« transition to horizontal production and consumption structures, to solidary forms of economic
relations [15; 44];

« virtualization of enterprises, due to the creation of production networks, enterprises that are in
different spatial conditions, often in different parts of the globe, can integrate their activities into single
production cycles [38];

+ intellectualization of production on the basis of ‘cloud’ technologies; in modern conditions, the
creation of smart control systems, which not only take the optimization function of production processes
in space and time, but also serve as an integrating principle, which units the activities of many (often
hundreds, thousands or, as in the case of EnerNet energy system, millions) of economic agents is the
reality [35];

+ management networks of various levels are created: smart plant, smart house, smart city, smart
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highway, smart country; all of them are formed and function on the basis of a permanent connection to the
Internet; the implementation of the Fourth Industrial Revolution and the ‘Internet of Things’ promise
significant perspectives [37];

+ creation of flexible plants; several US businesses began selling flexible plants (with software) that
can operate in 24 hours [41];

« fables production (founder — Massachusetts Institute of Technology); using existing equipment the
plant is able to self-adjust and self-expand the existing functional units 21; 35].

Thus, the main type of products in business sector are not products and services, but start-ups to
produce innovations. Moreover, the range of innovations produced by start-ups is extremely wide and
affects all spheres of life.

It is possible to name even more precisely the kind of objects that are sold in the form of a start-up -
these are various innovative forms for increasing the effectiveness of human life support processes.

Conclusions and further research. One important detail is worth emphasizing. The mentioned innovative
technologies, like any innovations in general, can be successfully implemented with the concentration of the
whole society efforts. In the EU countries, the so-called technology platforms as instruments for such
concentration are used, covering the projected type of innovation from definition to the general research
program. This term means the unification of state, business, science and education representatives around a
common vision of scientific and technological development trend as well as the formation of common
approaches to the development and industrial production of appropriate technologies [34].

Only consolidated participation of various associations and individual social entities will allow solving
financial, organizational, technical, information and social problems of introducing clusters of modern
technological innovations.

The Third industrial revolution promises to solve a number of economic, environmental and social
problems. Its main result should be a significant decrease in the resource intensity of production systems
and the reduction of anthropogenic pressure on natural systems. A significant increase in the efficiency of
life support systems also creates a reliable platform for improving human welfare.

At the same time, it should be mentioned that the Third industrial revolution brings a number of social
and humanitarian challenges. First of all, we should understand the phase scale of future transformations.
People can benefit only if a civilizational transition to mass reproduction of a person dominated by his
personal (information) needs takes place. The productive use of released free time, as a result of the
radical automation of production processes, should also be directed at this.
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J1.T". MenbHuk, p-p. ekoH. Hayk, npodecop, 3aBigyBay kacheapn ekoHoMiku Ta bi3Hec-aaMIHICTPYBaHHs, CyMCbKuin AepxaBHUi
yHisepcuteT (M. Cymu, YkpaiHa);

1.6. Qe2mspboea, kaH. EKOH. HayK, AOLEHT, JOLEHT kadepu eKOHOMikV Ta bi3Hec-aaMiHICTpyBaHHS, CyMCbKUi AepKaBHUNA
yHisepcuteT (M. Cymu, Ykpaia);

[.B. [opo6yeHKo, kaHA. €KOH. HayK, CTaplumi BuKnagay kadenpn ekoHomikv Ta GisHec-agMiHicTpyBaHHs, Cymcbuit
AepxaBHuit yHiBepenTeT (M. Cymm, YkpaiHa);

O.M. MayeHko, kaHa. eKOH. HayK, [OLEHT, [OLEHT kadeapyu ekoHoMiku Ta 6isHec-agMiHiCTpyBaHHs, CyMCbkuii fepxaBHuii
yHiBepeuTeT (M. Cymu, Ykpaita)

IHHOBAUi B x0Ai cy4acHUX TpaHcchopMaLiiHUX npoueciB eKOHOMiKU NiAnpMeMCTBa, perioHy, kpaiHu: gocsig EC

Y cmammi poskpusaembcsi 3wicm «3eneHoi» (cecmeliHogoi) exoHomiku i porib Tpemboi npomucrnosoi pesomouii (T.n.p.) i
26HEepO8aHUX Helo iHHosaujll 8 ii (hopmyBaHHiI. AHani3yrombCs 3aKOHOMIPHOCMI 8UHUKHEHHS T.n.p. | HeobxioHi nepedymosu Ons
peanizayii. Posensidaombcsi OCHOBHI 8udu iHHOBaUilHUX nepexodig npu (hopMysaHHi EKOHOMIKU HO8020 muny. [ocnioxyombscs
HanpsIMKU mpaHcgopmayii eKOHOMIYHUX cucmeM pidHuUX pigHis. AHanizyembcs docsio EC.

Kntoyosi cnoea: iHHOBaLi, TpeTs mpomucrioBa peBoMioLyis, BifHOBMIOBaHi PeCYpcH, «3eneHay (CecTeliHOBa) eKOHoMiKa,
a[UTUBHI TEXHOMOTi, Mepexi.
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rocydapCTBeHHbIN yHuBepcuTeT (1. Cymbl, YkpaunHa);

W.b. [leemspesa, KaHO. 3KOH. HayK, AOLEHT, OOLEHT kadedpbl SKOHOMMKM U Ou3Hec-agMMHMCTpUpoBaHUs, Cymckuit
rocynapcTeeHHbIn yHuepeuTeT (1. Cymbl, YkpanHa);
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