GENERAL PROBLEMS
OF THE MODERN RESEARCH
AND INNOVATION POLICY

https://doi.org/10.15407/scinel6.01.003
HEYETS, V.M., KYRYLENKO, O.V.2, BASOK, B.l.3, and BASEYEYV, Ye.T.3

'Institute for Economics and Forecasting, the NAS of Ukraine,
26, Panasa Myrnoho St., Kyiv, 01011, Ukraine,
+380 44 280 1234, +380 44 280 8869, gvm@ief.org.ua
2 Institute of Electrodynamics, the NAS of Ukraine,
56, Peremogy Ave, Kyiv, 03057, Ukraine,
+380 44 366 2625, +380 44 366 2686, ied1@ied.org.ua
3Institute of Engineering Thermophysics, the NAS of Ukraine,
2, Bulakhovskogo St., Kyiv, 03164, Ukraine,
+380 44 424 9644, +380 44 424 3177, basok@ittf.kiev.ua

THE ENERGY STRATEGY: FORECASTS AND REALITY
(REVIEW)

Introduction. At the present stage of the development of Ukraine, in the face of challenges and risks, it is extre-
mely important to formulate the national energy policy.

Problem Statement. The energy development strategy of Ukraine shall provide for the transition from the
import of raw materials to the energy-efficient development of the fuel and energy complex using the results of
Jundamental and applied research in the field of natural and socio-economic sciences, the domestic innovative
potential and RED projects.

Purpose. To overview the conceptual approaches related to forecasting (predicting, foresight) the life of socie-
ty as a whole, and the development of power engineering, in particular.

Materials and Methods. A literary review of authoritative sources on methods for forecasting the develop-
ment of power engineering, including that in Ukraine, has been presented.

Results. The research presents a retrospective look at the status of Ukraine’s power engineering until the 1990s
and in the period of independence of the state. It was emphasized that the energy strategies of Ukraine as adopted
in 1996, 2006, and in 2013 did not reach their purposes and indicators even in the medium-term prospects. In
2017, Ukraine adopted the fourth energy strategy, with the following main targets: safety, energy efficiency, and
competitiveness. The last (fourth) energy strategy (ES-35) was developed in extreme conditions, under the influen-
ce of global changes in the world energy trends and numerous challenges for the domestic power engineering. Il-
lustrative energy development schemes that characterize the complexity of energy forecasting and the need to take
into account a number of key factors have been presented. The energy strategy of Ukraine and, in particular the
ES-35, will depend on “the energy contours of the new world”, i.e. the energy trends and scenarios, as well as the
global and local risks. The expected key parameters and indicators of the energy strategy may not coincide with
the implemented values.

Conclusions. The energy strategy of Ukraine (in particular, the ES-35) depends on “the energy contours of
the new world,” i.e. the energy trends and scenarios, as well as the global and local risks. The expected key param-
eters and indicators of the energy strategy may not coincide with the implemented values.

Keywords: fuel and energy complex, energy strategy, forecasting, strategy implementation, management and
monitoring, and roadmap.
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Ukrainian power engineering is the foundation
of the national economy, one of the main precon-
ditions for social stability and national security. In
2015, this sector of the economy generated about
USD 133 billion tax payments to the national
budget (25% of the total). Ukraine’s integrated
energy system is the sixth largest in Europe fal-
ling behind Germany, France, Italy, Spain, and the
United Kingdom. 450,000 engineers and workers
(3% of the employed population) are engaged in
the Ukrainian energy sector. The domestic power
engineering is a driver for the development of ot-
her industries. At the same time, there are several
industries that affect the energy sector [1].

Ukraine’s power engineering was a powerful
component of the USSR’s fuel and energy comp-
lex (FEC). Significant changes in the conditions
and opportunities for power engineering deve-
lopment were associated with a significant in-
crease in the cost of oil and gas production and
transportation from the North, Western Siberia
since the late 1970s and the enhancing role of
FEC required a new long-term energy develop-
ment program. In 1984, the Benchmarks of the
Long-Term Energy Program of the USSR and
the Energocomplex Republican (USSR) Comp-
rehensive Target R&D Program were adopted.
However, global political changes in the USSR
and in the world (the perestroika, the collapse
of the USSR and the entire social camp) have ne-
gated the goals and objectives of the programs.
Having got independence, Ukraine was tasked
with developing a national energy development
strategy.

Until the 1990s, Ukraine had a well-developed
fuel and energy complex with a high R&D poten-
tial as compared with foreign counterparts. In
the next period, in the conditions of socio-politi-
cal and economic shocks, only the accumulated
potential, without any support of fundamental
scholarly research, was used. Then, gradual un-
derachievement with respect to foreign techno-
logical and technical innovations began, with im-
ported equipment flowing into the domestic mar-
ket. This was especially true for municipal power
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engineering, heat supply systems and equipment.
Foreign producers got an opportunity to build up
their production base at the expense of Ukrai-
nian taxpayers. At some stage of economic deve-
lopment, in the period of reforms, it is possible or
even necessary to purchase foreign equipment, to
adopt foreign experience in the creation of inno-
vative technologies (a good copy is as valuable as
its original). For a while, this could be an impetus
for searching domestic R&D solutions for the
creation of energy efficient equipment and inno-
vative technologies (with the necessary protec-
tion of intellectual property). However, it should
be a temporary measure. At the same time, Ukrai-
ne needed to create its own energy strategy in the
context of current trends of the development of
R&D progress in the field of energy, in particu-
lar, given the fact that in Ukraine, raising energy
efficiency still has not been fully utilized as ener-
gy resource.

At the present stage, the main goal of new ener-
gy development strategy should be the transition
from imported raw materials to energy-oriented
development of fuel and energy using the results
of fundamental and applied research in the field
of natural and socio-economic sciences and the
development of domestic innovative R&D poten-
tial. All this should be based on new conceptual
approaches, in the context of key internal and
external risks and challenges of the development
of fuel and energy complex, in close connection
between the components of energy-economy-eco-
logy triangle and a high pace of scientific know-
ledge growth [2].

Since 1996, Ukraine has had four energy stra-
tegies [3—6]. The first three ones (1996, 2006,
2013) failed to reach the projected targets and in-
dicators. Their impracticability was evident as
early as at intermediate intervals, with the subse-
quent strategies adopted before the expiration of
the previous one.

In 2017, a new Energy Strategy of Ukraine for
the period up to 2035 (ES-35) [6] was adopted as
a symbiosis of the draft Energy Strategy of Uk-
raine for the period up to 2035 (developed by the
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National Institute for Strategic Studies, NISS)
and the New Energy Strategy of Ukraine until 2020:
Security, Energy Efficiency, and Competition (de-
signed by the Razumkov Center in cooperation
with the Friedrich Naumann Foundation (Germa-
ny) in Ukraine). The proposals received for the
EC-35 were elaborated using Psychea Expertus
program (PSYCHEA R&D Center).

The ultimate goal of the ES-35 is to maximi-
ze the contribution of the energy sector to the
growth of the national gross domestic product
with a significant increase in its energy efficiency
index (oil ton equivalent per USD 1000) and to
ensure energy security at minimum costs for imp-
lementing the ES-35 measures. This goal is also
reflected in the title ES-35: Security, Energy Effi-
ciency, and Competitiveness. For the first time in
the documents of such kind, energy efficiency has
been identified as a key priority.

It is too early to talk about any trends in the
implementation of the latest Energy Strategy of
Ukraine for the period up to 2035: Security, Energy
Efficiency, and Competitiveness (ES-35) [6]. We
hope the ES-35 will achieve its ambitious goals.
The Energy Strategies of Russia ES-10, ES-20,
and ES-30 were also unsuccessful, with the last
one transformed into ES-35, in 2014. The targets
as determined by international agreements (the
Kyoto Protocol) were not reached and the indi-
cators of well-known ES 20-20-20 Program were
revised. Some countries that signed the Paris
Agreement in 2015 have been tending to change
their position. Proceeding from the above, the tar-
gets and indicators of these agreements may also
be questionable.

One hundred and twenty-five countries joi-
ning the Paris Agreement have undertaken to re-
duce their greenhouse gas emissions by 2025 as
compared with 2005, in order to prevent a more
than 2 °C increase in the global temperature. The
Agreement comes into effect upon its ratification
in, at least, 55% of the countries producing, at
least, 55% of the world greenhouse gas.

What are the reasons for such poor results of
implementation of strategies? Are they caused by
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improper forecasting methods and tools, misma-
nagement of paths and mechanisms of implemen-
tation, socio-economic and geopolitical turbulen-
ce, or by the global financial and economic crisis?
Or is it generally impossible to know the future
over a rather long term?

Below, there is an overview of conceptual app-
roaches related to forecasting (predicting, precog-
nizing) the society, in general, and the energy de-
velopment, in particular. The approaches to the
problem of predicting the future have been ana-
lyzed in [7]. Many eminent philosophers and eco-
nomic theorists insisted on the unpredictability
of future knowledge as fundamental thesis. Joseph
Schumpeter, a prominent economist, believed,
“Any prediction is extrascientific prophecy that at-
tempts to do more than to diagnose observable ten-
dencies and to state what results would be if these
tendencies should work themselves out according to
their logic” |7]. EA. Hayek, another outstanding
economist and Nobel Prize winner, noted that the
events of the present were so different from the
historical past that nobody could know where they
would lead to. Looking back, one could understand
the events of the past by tracking and evaluating
their effects. However, the present events are not
history. They are directed into the unknown and
one can hardly ever say what to expect [8]. Ilya
Prigogine, Nobel Prize winner, physicist and che-
mist, commented the unpredictability of the fu-
ture, “We can, of course, extrapolate existing know-
ledge beyond our vision and make assumptions
about the mechanism governing the dynamics of
the universe. However, we should not forget that,
although in principle we can know the initial condi-
tions at an infinite number of points, the future, ho-
wever, remains fundamentally unpredictable” [9].
Philosopher of the 20" century Karl Popper,
through a logical chain (syllogism), claimed that
since the growth of human knowledge could not
be predicted, the future course of human (state or
region) history was not foreseeable [10]. Indeed,
defense and leading industries have a dramatic
impact on the history of any state, but they de-
pend on disruptive innovations and groundbrea-
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king technologies based on new scientific know-
ledge the growth of which is unpredictable.

Even two or three decades ago, it was impos-
sible to predict the sixth technological wave. It is
based on interdisciplinary scientific approaches,
in particular, on the self-organization theory, sy-
nergetics, as well as on socio-, cognito-, bio-, info-,
and nanotechnology (SCBIN) [11].

Future disruptive technologies are also unpre-
dictable. Speaking about the scientific discover-
ies of the future, Petr Kapitsa claimed that new
phenomenon of the nature was a physical phe-
nomenon that could be neither foreseen nor exp-
lained based on already existing theoretical con-
cepts. In his opinion, the most valuable thing in
science on which great science is based is unplan-
nable, because it is achieved by a creative process,
the success of which depends on the genius of the
scientist [12]. Vadym Loktev, Full member of the
NAS of Ukraine says, “... any discovery is unfore-
seen by definition and, therefore, is unpredictab-
le in terms of both time and place. It is rather belie-
ved, a breakthrough is more expectable in a highly
skilled environment, the sole purpose of which is
Jundamental research without any reference to
anything specific” [13].

To summarize the above, we cite T.I. Oizerman
who has formulated the two sociological laws, na-
mely: 1) significant, increasingly multiplied over
time part of consequences of human activity, both
in a particular country and on the entire Earth is
unpredictable (unknowable); 2) the future scien-
tific knowledge is unpredictable (unknowable),
therefore various social consequences are inevi-
table |7].

The above opinions on unpredictability of the
future can lead to mistrust of forecasting as such.
There are limits beyond which any forecasts be-
come fantasy. This is true for long-term horizons.
At relatively short time intervals, in the absence
of force majeure shocks, forecasts are undoub-
tedly necessary since they can describe the im-
mediate future, albeit with some inaccuracies.
Unless there is forecasting, neither successful de-
velopment of social production, nor implementa-
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tion of social programs nor more or less controllab-
le social processes are possible |7].

The risk of unpredictable development con-
cerns power engineering like many other econo-
mic industries. Proceeding from the above, the prob-
lem of forecasting (in the form of a formalized
energy strategy, as a regulatory document) shall
be studied. At the same time, the power enginee-
ring complex shall be analyzed not only as a phy-
sical and technical production system, but also as
a basic industry of national economy, in the con-
text of the energy-economy-ecology triangle, with
different factors, direct links, and feedbacks in-
side the triangle taken into consideration.

Assessing the prospects for the development of
any economic sector and, in particular, power en-
gineering, is a complex process that requires in-
depth knowledge of technology, forecasting tools,
analytical experience, opinions, and hypotheses

R&D Expenditure on the Development
of Key Power Engineering Technologies *

Key Power Engineering Technologies ** Exp ent(iifllll(r)i Usb
Electric power generation: 3.2—-3.8
nuclear power plants 0.6—0.75
wind power plants 0.6—0.7
coal installations with supercritical
steam parameters 0.35—0.4
coal-fired power plants 0.35—0.4
cogeneration plants with biomass ga-
sification 0.1—0.13
solar energy-to-biomass converters 0.2—0.24
solar energy concentrators 0.3—0.35
O, capture and disposal at thermal po-
wer plants 0.7—0.8
Buildings and structures (thermal power
engineering, ultimate consumption): 0.32—0.42
energy efficient buildings and app- No data
liances available
heat pumps 0.07—0.12
solar heating systems and water heating 0.25—0.3

* the data is given for 2007; based on [18]; ** the data are
given for the case of reducing greenhouse gas emissions in
2050 down to the level of 2005 (28 million tons of CO,
equivalent).
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Fig. 1. Energy Market Forecasting Flowchart [16]

of experts in the field of energy and cross-sector
problems.

Forecasting is a scientifically justified assump-
tion about possible conditions of the system in the
future and / or about alternative ways and terms
of reaching the target condition [14]. With re-
gard to the FEC development strategy, the fore-
cast, in our opinion, is a scientifically justified
identification of goals, priorities, tasks, directions
and mechanisms of their realization proceeding
from the existing state of the economy, R&D prog-
ress (or innovative development of science and
technology), the legal framework and other fac-
tors that determine the development of power
engineering. The forecast of energy development
is a symbiosis of two components of forecast de-
velopment: the research and the regulatory app-
roaches [15].

The term classification of forecasts is relative
and depends on the nature of the object and the
purpose of forecast. The socio-economic fore-
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casts are divided into the real-time, for a period
up to one month; the short-term, for up to one
year; the medium-term, for several years; the long-
term, for a period over five years, up to about 15—
20 years; and the strategic forecasts for a period
beyond the long-term horizon [15].

A multilevel flowchart of power engineering
development is presented in Fig. 1 [16]. Each block
of this chart (for instance, the forecast of internal
energy consumption) has its own inter-branch
connections (Fig. 2) [17].

The charts shown in Figs. 1 and 2, with some
adaptation, characterize the complexity of interre-
lations within the FEC of Ukraine. The R&D com-
ponents of thermal power engineering sector are
shown in Fig. 3 [18]. Table shows the main fore-
casting methods in the field of electric and thermal
power engineering, as well as estimate of investments
in power engineering for the period up to 2050.

The Figures and Table show the complexity of
the energy forecasting. It is necessary to make
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cross-sectoral coordination of forecasts of econo-
mic and energy development, world economy de-
velopment, possible trends in national and geo-
political events, based on the results of funda-
mental research in numerous directions. Howe-
ver, it is impossible to take into account the large
number of key factors with a high uncertainty, as
well as the risks and challenges of different na-
ture (“activated environment impact”). Forecas-
ting has nothing to do with trying to take a guess on
details of the future; it proceeds from the dialecti-
cal determination of the phenomena of the future,
Jfrom the fact that necessity paves the way through
chance. With respect to the phenomena of the fu-
ture, we need a probabilistic approach taking into
consideration a wide range of possible options. Fo-
recast solutions are region of acceptable out of ma-
ny possible ones [15].

Unlike physical and engineering systems, such
complex systems as power engineering do not have
the most important property for modeling, which is
the invariability of their basic parameters in the
observed retrospective in the forecast period [16].
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Any tool for forecasting the production systems can
give acceptable for practical purposes ranges of
key (but far from all) parameters of the system dy-
namics rather than reliable trajectories of their de-
velopment. In fact, it is intended to facilitate and to
accelerate the human cognition and the prediction
of behavior of such systems that are always incomp-
lete and infinite, using means of procedures, models,
and information [16]. It is difficult to make long-
term forecasts because their key indicators vary
constantly depending on the number of unfore-
seen circumstances, both in the current and in the
forecasted period. Assessing the prospects for sys-
tem development is a great challenge because of
growing uncertainties that exist in any dynamic pro-
cess. The further the prospect, the greater the im-
pact of the incompleteness of knowledge. Accor-
dingly, the forecast time management is limited.
This limitation stems from the fact that there is a
nonlinear increase in uncertainty as we move into
the future [15].

Under conditions of geopolitical turbulence and
radical changes in the socio-economic structure,
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The Energy Strategy: Forecasts and Reality (Review)

/ Thermal power engineering

¢|\

Thermophyswal Combus- Heat and Dynamlcs Electro- 71
—»  properties of tion mass of medium hvsics
" substances exchange flows phy
=
g v v "
;g —>|Thermodynamics| |Thermochemistry| é’
S Y\ v v \ 4 g
g Transport Kinetics Hydro- Gas Plasma Super- < 3
£ properties, dynamics || dynamic condu- M
s radiation theory ctivity
»  Deformable body
L and fracture mechanics L
e [ty
ni )]
equipment
Operating |_—7 \ Extraction
environment and recycling of fuel

Fig. 3. R&D Aspects of Power Engineering [18]

which are accompanied by a downturn in the eco-
nomy and, in particular, in power generation, bi-
furcation points may appear at any time stage of
the implementation of the energy strategy. At the-
se bifurcation points, small fluctuations of exter-
nal influence can get sharply intensified, and fo-
recast indicators for specific time intervals may
become hardly reachable. Consequently, the FEC
development scenarios may need to be revised
accordingly. For some indicators there may be a
good match, the others may be in an acceptable
agreement, while for some indicators the forecast
may fail. The main thing is to determine the ran-
ge of values of key indicators and trends in the
development of power engineering and its indi-
vidual branches.

As already mentioned, since 1996, Ukraine’s
energy strategies have been superseding each ot-
her before the expiration of each previous one. It
was impossible to track the implementation of
each strategy’s indicator. At provisional stages,
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the benchmarks, in most cases, were not in line
with those forecasted. The reforms of the FEC of
Ukraine (in particular, the reasons for their fai-
lure), the current challenges for the Ukrainian po-
wer engineering sector, the priorities of the FEC
development, the short-term tasks, and the mec-
hanisms of energy policy have been sufficiently
analyzed in [19].

The latest (fourth) energy strategy (ES-35) was
developed under extraordinary conditions of glo-
bal changes in the world energy trends and influ-
enced by a number of challenges for the domestic
power engineering. The ES-35 draft as published
on the website of the Ministry of Power Engi-
neering and Coal Industry on December 19, 2016,
was analyzed by Ukrainian and European experts
and worked out. On June 1, 2017, the revised
draft was published, and on August 17, 2017, it
was approved by the decision of the Ministry.

Keeping in mind the results of the forecasts of
the preceding energy strategies, the expert com-
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munity has come up with proposals for practical
support of the ES-35 [19]. “In the future, in the
case of a change of government, we do not need to
reject the current strategy and to develop a new
one. It is necessary to monitor the implementation,
to understand and to take into account the (world
and European) trends, and then to modify it, if
necessary” (S. Golikova, Director of Transenerho-
consulting). “The energy strategy shall set goals for
individual sectors of the power engineering indust-
ry. However, the tasks and mechanisms (algorithms)
of achieving these goals are not the subject of the
strategy. They shall be formulated and specified in
short-term plans of the government of Ukraine, the
competent authorities, and the energy companies
Jfor targeting the development goals as defined by
the Energy Strategy” (V. Riabtsev, advisor of the
Group for Coordination of the Program for the
Energy Sector Reform and Development under
the Ministry of Power Engineering and Coal In-
dustry of Ukraine). It has been also proposed to
establish an expert working group for monitoring
the implementation of energy strategies for spe-
cific periods of time. “It is important that the term
Jfor summarizing the results of the Strategy imple-
mentation does not raise doubts about this imple-
mentation. A specific program should be developed
to implement the Strategy in real time. ... It is not
necessary to establish a five-year period again!
The maximum term of 2 years would be nice” [20].
Undoubtedly, Ukraine’s energy policy and, in
particular, the ES-35 will depend on the “new
world power circuits”, i.e. on energy trends and
scenarios, global and local risks. “In the interna-
tional arena, it is time for new alliances and inter-
est groups that have already begun to shape new
power circuits and to set fresh trends. It is increas-
ingly important to understand the essence of new
geopolitical energy processes that will form the ba-
sis of the future for the next three to five years.
Further, it is extremely dif ficult to predict” |21].
The foregoing and other proposals are reduced
to the development and adoption of a roadmap
[18, 22], “a meaningful aspect of which shall con-
tain specific mechanisms for implementing realistic
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benchmarks and be based on appropriate financial
sources, resources, and potential needs” [22].

Thus, in the situation with many uncertain fac-
tors, in addition to the developed strategy (in par-
ticular, ES-35), in order to eliminate (minimize)
the discrepancy between the expected forecast
indicators and the real ones, it would be advis-
able, in the case of variable conditions, changes in
the trends, emergence and exacerbation of new
risks and challenges, to review/amend /modify the
long-term forecast of the power engineering in-
dustry development, to monitor its realization using
current (short-term) plans at relatively short in-
tervals (three to five years) during which, accor-
ding to expert estimates, there will be no radical
changes or transformations in the national power
engineering complex (“the controllable object”).
This means the realization of ongoing forecasting
every time as new information is received. In this
case, the energy strategy becomes a flexible docu-
ment, an action guide instead of being a mere dec-
laration. General trends in energy development
may change as goals and objectives of the natio-
nal economy are modified.

Supporting the energy strategy with “current
plans and forecasts” will reduce the severity of
discussions between those who stand for differ-
ent energy development trends. For example, the
advocates of nuclear energy do not share, in the
long run, an optimistic enthusiasm of the propo-
nents of renewable energy. The latter have their
reasons against the use of nuclear energy and
hope for almost complete transition of Ukraine to
renewable energy by 2050 [23].

As mentioned above, the forecasted indicators
of the previously adopted three energy strategies
of Ukraine and the two strategies of Russia did
not coincide with the real ones as early as at in-
termediate time intervals. “In essence, forecasting
is a probabilistic experiment in which dif ferent
events can occur under the same conditions, i.e. the
experiment is a function defined on many events”
[24]. The problem of energy forecast quality has
not been well developed, as there have been no
established criteria to evaluate objectively the
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advantages and disadvantages of a given fore-
casting system [24].

The history of systematic forecasting in power
engineering has counted about 40 years. It is pos-
sible to compare the forecasted and the real indi-
cators over many years and to assess the quality
of forecasting based on the statistical data. The
problems related to assessing the quality of the
forecasting systems have been discussed in [24].

The leading forecasting centers (such as the
International Energy Agency (IEA) and the US
Department of Energy (DOE) are limited to
fragmentary assessment of the accuracy of their
forecasts. This assessment is usually reduced to
tables of relative errors determined from the
available forecasted and real values over years.
They give only an intuitive estimate of the fore-
cast quality based on the assumption that 1%
relative error is good and 10% is bad.

Having generalized the results of the analysis
of long-term forecasts of the world energy mar-
ket, a research program has been proposed as part
of creating a methodology for assessing the quali-
ty of forecasting systems and analyzing the pros-
pects for the development of energy markets [24].

Despite the lack of objective criteria for assess-
ing the quality of forecasting tools [16, 24], sys-
tematic forecasting of power engineering as an
integral part of the energy-economy-ecology tri-
angle has been widely recognized and used in
leading energy countries.

Are long-term forecasts of the development of
power engineering and carbon dioxide (the green-
house gas that has the largest share in atmosphe-
ric contamination resulting from anthropogenic
activity) emissions possible? The experts from
leading national and international institutions
have different views on this issue. Some of them,
based on the results of unjustified forecasts, are
prone to a negative answer. Others, having deve-
loped the method of the so-called genetic forecast
of the world energy, consider it a very reliable
tool for forecasting scenarios of energy develop-
ment and future changes in the environment and
climate [25]. This allows them to formulate fun-
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damental conclusions on the development of en-
ergy in the coming decades [25] as follows:

1) the stabilization of national specific energy
consumption per capita at a certain level is mainly
determined by climatic and geographical factors;

2) a steady and practically linear decrease in
the amount of carbon dioxide per unit of energy
consumption, as a result of changes in the struc-
ture of the fuel and energy balance, has been ob-
served for more than one hundred years (the
transition from coal to oil, gas and, recently, to
renewable energy).

In the world, several energy forecasting sys-
tems have been proposed by the IEA, the US DOE,
the International Institute for Applied Analysis,
several research centers of the European Commis-
sion and the United Nations. In Russia, it is the
Model-Information System for the Study of Pros-
pects of the Energy Industry (MISPEI); in Uk-
raine, it is the Foresight program created by the
Institute for System Analysis of Igor Sikorsky
Kyiv Polytechnic Institute National Technical Uni-
versity of Ukraine, TIMES-Ukraine macroecono-
mic model of energy development strategy, inter-
temporal equilibrium model of the Institute for
Economics and Forecasting of the NAS of Uk-
raine, and Psychea Expertus-model. There are al-
so other models, including LEAP (Long-Range
Energy Alternatives) model, Holt-Winters mo-
del, MARKAL/TIMES, etc.

It is hoped that the policy of Ukraine’s FEC
development will be implemented taking into con-
sideration the results of enhanced transdiscipli-
narity in science and energy-related technologies.
In the last decade, there has been a trend to intel-
lectualization in computer science and computer
technology. The strategic European framework
program Horizon 2020 has opened an era of in-
tensive development of the so-called smart tech-
nologies. All smart systems are result of transdis-
ciplinary collaboration. To support this endeavor,
the European Joint Technology Initiative (JTT)
and the Electronic Components and Systems for
European Leadership (ECSEL), powerful Euro-
pean leadership association, have been created.
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Every year, ECSEL publishes a strategic plan for
the implementation of research and innovation in
the electronic components of systems and tech-
nologies that ensure the development of func-
tional domains of modern digital society, such as
energy, transport, manufacture, ecology, and ot-
hers [26]. The word “smart” means not only ha-
ving or showing a quick-witted intelligence, it is
also an acronym, with each character denoting
the criteria for setting the goal to achieve: spe-
cific, measurable, attainable, relevant, and time-
bounded [26]. Research in this direction is being
carried out at the Glushkov Institute of Cyber-
netics of the NAS of Ukraine.

The problem of modeling the new electricity
market in Ukraine gets more and more relevant.
The Law of Ukraine on the Electricity Market of
Ukraine ratified in 2017 establishes the principles
of operation of new domestic electricity market.
Today, in Ukraine, there is a complicated process
of implementation of the relevant European le-
gislation, including the “third energy package”.
A prerequisite for making good decisions about
changing the market regulation mechanisms is to
use mathematical models that enable assessing
the consequences of implemented decisions and
determining which ones are effective and which
are wrong. That is why the problem of mathema-
tical modeling of competitive equilibrium in the
electricity market becomes so important. The si-
mulation of the state of competitive equilibrium
is associated with searching such prices for elect-
ricity in power units and such amount of genera-
tion, supply, and consumption of electricity, at
which each participant (agent) reaches its own
goals: to maximize its own well-being; for the con-
sumer, to maximize the supply of electricity to con-
sumers, for the supplier; to maximize its own pro-
fit, for the generating company; and to maximize
assistance to market participants in fulfilling their
obligations, for the operator of the electricity
transmission system. This issue has been studied
by the Pukhov Institute of Modelling Problems in
Power Engineering of the NAS of Ukraine [27].

The realities of the modern world are such as
the forecasting of strategic prospects for energy
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development shall inevitably pass through bifur-
cation points, the exit from which may change
the scenarios of the development of power engi-
neering as industry (for example, the abrupt
changes in the world oil prices, in 2000—2018).
The expected key indicators may not match the
real values. As noted in [16, 24], the modern sci-
ence has not yet had any methods for predicting
confidently the development of power enginee-
ring for a long period, but the experience of fore-
cast models gives grounds for restrained optimism
about building consistent scenarios, albeit with-
out assessing their completeness and probability
of realization. Supporting the energy strategy
with “current forecast plans” (road maps) adds op-
timism about the implementation of such a regu-
latory document. To this end, it is necessary to
solve the problem of organizing the implemen-
tation of the ES-35 with a clear definition of the
mechanisms of implementation of tasks for the
executive and legislative authorities with con-
stant monitoring of the implementation of the
ES-35 at intermediate stages. Alternatively, it has
been proposed to create a specialized structure, a
sort of energy strategy institute, with the involve-
ment of independent experts to prepare roadmaps
for power engineering foresights [28]. It seems,
establishing such an institute is too much, but a
committee (task force) of experts and decision
makers in the field of power engineering, econo-
mics, and ecology would be appropriate. This com-
mittee shall include all originators of the ES-35:
NISS, the Razumkov Center, PSYCHEA, the Mi-
nistry of Power Engineering and Coal Industry,
the relevant branches of the NAS of Ukraine [2,
23, 29, 30], in particular, the Department for
Physical and Technical Problems of Power En-
gineering, and the Department of Economics,
which are involved in energy policy-making stu-
dies for the future.

The above results have been obtained within
the framework of the implementation of the tar-
get R&D project of the NAS of Ukraine Econo-
mic, Technical, Technological, and Environmental
Imperatives of the Targeted Development of the Po-
wer Engineering of Ukraine (2016—2018).
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EHEPTETUYHA CTPATETII: TTPOTHO3U I PEAJITT (OTJIA[)

Beryn. Ha cyyacnomy ertami po3BUTKy YKpaiHu B yMOBAaX BUKJIUKIB i PU3UKIB BKpail BasKJIUBO c(HhOPMYBATH €HEPTETHYHY
MOJIITUKY KPaiHu.

IIpoGaemaTuka. CrpaTeris PO3BUTKY €HEpreTUKY YKpaiHu MOBMHHA HepeadadaT IIepexi/l Bil IMIIOPTHO-CUPOBUHHOIO
1o eneproedeKTUBHO-opienToBaHOTO po3BUTKY IIEK 3 BUukopucTanusm pe3ynbratiB GyHAaMeHTATbHUX i MTPUKJIAHUX
JIOCJTI/IPKEHDb B TaMy3i MPUPOAHUYMX i COIiaJbHO-eKOHOMIYHUX HAYK, BITYUM3HSIHOTO iHHOBAIIHOTO MOTEHIliaNy 3 0ro
HAyKOBO-TEXHIYHIMHU Ta HAYKOBO-TEXHOJOTIYHUME PO3POOKAMHU.

Mera. BukonaTy OrJisii KOHIENTYaaIbHUX IiX0/IiB, MOB’SI3aHUX 3 MPOTHO3YBaHHAM (TIPOPOKYBAHHIM, MepeaOaueHHsIM )
JKUTTSI CYCITIJIBCTBA 3arajioM, i TPOTHO3YBAHHIM PO3BUTKY €HEPTreTHKHU, 30KPeMa.

Marepiam it MeToau. OrJisiji aBTOPUTETHUX JKEPEJT JIITEPATYPHU IIOJI0 METO/IIB IIPOrHO3YBAHHSI PO3BUTKY €HEPreTHKH,
30KpeMa i, PO3BUTKY €HEePreTUKN YKpaiHu.

Pesyabratn. HaBeneno perpocrieKTUBHUI TOTJISA HA cTaH eHepreTuku Ykpainu no 90-ux pp. XX cT. i y mepion He-
3asexknocti nepxasu. [ligkpecseno, mo npuitaaTi enepretuyni ctparerii Yxpainu B 1996, 2006 i 2013 pokax He mocsrammn
CBOIX ITPOTHO30BAHUX I1iJIell Ta IHAMKATUBHUX [TOKA3HUKIB BKe Ha TPOMI’KHUX YacOBUX iHTepBasiax. YeTBepTa eHepreTnyna
crpareriss (EC—35) roloBHUMHE IIJILOBUME OPIEHTHPAME Ma€ Oe3IeKy, eHeproeeKTHBHICTh 1 KOHKYPEHTOCIIPOMOKHICTD.
Bona pospobiisiiacss B Ha3BUYAHUX YMOBaX — TIPH IJI0OATbHUX 3MiHAaX TPEH/IB CBITOBOI €HEPreTHKH Ta Iijl BIUIMBOM
HU3KM BUKJIMKIB IS BiTYM3HIHOI enepreTuki. HaBesieHo imiocTpaTuBHi cCXeMU PO3BUTKY €HEPTETUKH, SIKi XapaKTePU3YIOTh
BCIO CKJI/IHICTD IPOTHO3YBAaHHSI €HEPTeTUKI, HEOOXIAHICTD ypaxXyBaHHsl PsLy KJIIOYOBUX YNHHUKIB. EHepreTuuHa cTparerist
VYipainu, it 3oxpema EC—35, Gy/e 3ameskaTu Bijl «eHEPreTHYHUX KOHTYPIiB HOBOTO CBITY» — €HEPreTHYHMX TPEH/IB i cIie-
HapiiB, rI06AIBHUX 1 TOKAJBHUX pU3NKiB. OUikyBaHi KJII0YOBI MapaMeTPH Ta TIOKa3HUKH eHEePreTHYHOI cTpaTerii MoKy Th He
36iraTics 3 peasi30BaHUMU 3HAYEHHSIMU.

BucHoBKH. 3aI1POIIOHOBAHO CYTIPOBOJIKYBATH €HEPIeTIHYHY CTPATETIIO «TOTOYHUMHU [IJTAHAMU-TIPOTHO3aM > (IOPOKHIMH
KapTaMu) 3 4iTKMM BU3HAYEHHSM MEXaHi3MiB iMIJIeMeHTallii 3aB/[aHb /I/I1 BUKOHABYOI Ta 3aKOHO/IABYOI BJIAJIM 3 TIOCTIHHUM
MOHITOPUHTOM X0y peasizaiiii EC—35 3a TuMYacoBUMM iHTepBaIaMu.

Knwouosi ciosea: manuBHO-eHEPreTUIHNI KOMILTIEKC, eHEPTeTHYHA CTPaTerisl, TPOrHO3yBAHHS, peasi3allisl cTpaTerii, yrpas-
JIIHHS i MOHITOPUHT, IOPOJKHS KapTa.
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