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ARTICLE INFO ABSTRACT

Keywords: The emergence of the concept of sustainable development of society has prompted the search for national ap-
Scientific and strategic foresighting proaches to its management. The application of energy potential by individual countries as a tool of political
Indicators influence requires a review of the approaches to analyzing the state of affairs in the field of energy security and
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Identification of the article is the further development of the model for analyzing a specific area of management in the security
Strategizing dimension and the methods of strategizing the development of such an area - scientific and strategic foresight for
Sustainable development the development of strategic scenarios for post-war recovery using the example of Ukraine’s energy security. To
Energy security achieve the research goal, the concept of sustainable development in the security dimension was used, which

includes the methodology for identification and strategizing based on the new principle “the trajectory towards a
future determines the future” through solving the inverse problem of decomposing integral indices using
adaptive regulation methods from control theory. The methods of integral evaluation, stochastic methods for
determining the boundaries of safe existence (applied systems theory, t-test methods, cluster analysis), deter-
mination of dynamic weighting coefficients using principal component methods and sliding matrices, decom-
position of integral indices, and denormalization of indicators in natural units of measurement are also applied. A
model of energy security has been developed, which includes seven components and 47 indicators, including
shadow indicators. The analysis concept involves first studying each individual component within a unified
whole, followed by analyzing energy security as a whole — an identification stage for the current level of security.
Subsequently, the sustainable development trajectories are built towards the defined goals, and the whole is
decomposed into components that ensure the achievement of the set goals — strategizing. The elements of sci-
entific novelty in scientific and strategic foresighting technology are formulated, which operate in the following
modes: structural evolution, projected structural transformation - rapid structural transformation, and balanced
sustainable development. The mechanism for regulating the speed of structural restructuring through the
regulation of constraints has been identified. Within these modes, models for the development of Ukraine’s
energy sector in the post-war period have been developed and studied: evolutionary development, green tran-
sition, and energy supply resilience for consumers.
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1. Introduction

Strategizing is generally understood as the process of multidimen-
sional autonomous management of development, where long-term
strategies of various external strategic players are taken into account.
In contrast to them, strategies are developed (strategizing) and imple-
mented (planning) to achieve desired goals in the security dimension.
Solving the problem of developing a scientifically grounded develop-
ment strategy for each country in the context of dynamic changes in the
global security and economic environment is the most important task of
today for ensuring technological leadership in priority industries (such
as energy), creating new high-paying jobs, and guiding the country onto
the trajectory of advanced sustainable development based on
innovation.

Well-known tools for strategizing include forecasting and foresight
(foresight — prediction), which use the same methods: the Delphi
method, identification of critical technologies, scenario development,
expert panels, SWOT (strengths, weaknesses, opportunities, and threats)
analysis, econometric modelling, brainstorming, regression analysis,
extrapolation, simulation modelling, multi-criteria analysis, etc. In other
words, the vision of the future is mainly based on expert assessments and
correlation-regression analysis. Neither classical forecasting nor fore-
sight provides an understanding of how the components, indicators, and
macroeconomic indicators should change to achieve the desired goals
because they rely on the principle that “the past determines the future."
However, the future does not continue the past but takes on funda-
mentally different forms and structures.

Known approaches to classical forecasting of the dynamics of inte-
gral indices using polynomials discredit econometric modelling in gen-
eral and obscure the complexity of such multidimensional concepts as
sustainable development and security. The use of expert assessments
involves subjectivity and does not exclude fundamental errors. The use
of SWOT analysis is a necessary step but entirely insufficient for sub-
stantiating strategic orientations for the future. As a result, strategic
documents end up declaring necessary actions like ensuring, increasing,
creating, forming, updating, implementing, improving, attracting, and
developing without any quantitative targets.

In this context, several issues arise for researchers and managers
during the strategizing process. Specifically, these include justifying the
development goals of a specific system (management sphere), under-
standing the necessary sequence of decisions regarding changes to its
parameters, and ensuring that decisions are supported by the necessary
resources within the specified time of transformation. Unfortunately, the
analysed publications do not provide any recommendations regarding
the determination of quantitative parameters, the rationale for selecting
specific indicators or goal-measuring metrics, their planned values, ab-
solute and relative increases, urgency, and the sequence of achievement,
or their boundary values. Modern methods of econometric modelling are
also not used.

In contrast to the authors’ previous studies focused on the quanti-
tative assessment of both external and internal threats to national energy
security, this new research stands out in the following ways: first, by
considering the “hydrogen” indicator (as one of the new priorities out-
lined in Ukraine’s energy strategy until 2050); second, by adjusting the
boundary values due to the military actions of the rf; and third, by
focusing on the study of strategizing methods.

The new technology for strategizing a sustainable future proposed in
this study involves two approaches: structural evolution and projected
structural transformation, reflected in the following operational modes:
structural evolution, and projected structural transformation (balanced
sustainable development and rapid targeted transformation). An
important achievement of the research is identifying the mechanism for
regulating the speed of structural change in the object of study.

Thus, it becomes crucial to develop new scientific approaches to
strategizing a sustainable future. In contrast to classical forecasting
methods (based on the principle “the past determines the future”) and
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classical foresighting (identifying long-term factors and trends), a new
approach to strategizing is proposed based on the principle “the trajec-
tory towards a future determines the future” through identifying the cur-
rent state, constructing desired development trajectories toward defined
goals in the security dimension, and decomposing integral indices using
adaptive regulation methods from control theory. The approach we
propose can be called scientific and strategic foresighting.

The article aims to continue developing a model to analyse a specific
area of management in the security dimension and methods of strate-
gizing its development — scientific and strategic foresighting — to develop
strategic scenarios for post-war recovery, using the example of Ukraine’s
energy security.

2. Literature review

In their previous works, Kharazishvili et al. [1] explored the appli-
cation of a systems approach to describe national “energy security,”
specifically arguing the necessity of forming a set of indicators that can
be used to describe energy security. In particular, they proposed iden-
tifying a complex of indicators describing the energy security sector and
grouping them by specific components describing the “system™: ele-
ments, functions, structure, materials, etc. [1].

When describing the energy security sector, important questions
arise regarding the list of indicators. Typically, the following groups are
employed to describe the list of energy security indicators: economic,
political, technological, ecological, and social. Sovacool and Brown [2],
Azzuni and Breyer [3], and Cherp and Jewell [4] highlight other aspects,
such as managerial, social, innovation, security, political, and geopo-
litical. The most common approach is the “4 A’s” — availability, acces-
sibility, affordability, acceptability — which was most fully developed by
the Institute of Energy Economics of Japan [5].

In the case of a very simplified list of indicators, there is a risk of
overlooking important aspects. With a large number of indicators (>50
or even over 100), the “curse of dimensionality” problem arises. As there
are no established rules for their formation, the proposed list reflects the
authors’ perspective. Moreover, other issues related to statistical data in
different countries necessitate developing and coordinating statistical
services. Therefore, the list of indicators and their grouping may change
for improvement and refinement to match various countries, specific
needs, and priorities.

The current dynamics of technological development in the produc-
tion and consumption of energy resources, the transformation of energy
market models, change of sources and routes of supply, and the use of
energy potential by some countries as an instrument of political influ-
ence require revision of approaches to analyzing the energy security and
scientific substantiation of strategic scenarios of security development.
In contrast to the state of security, which implies readiness for threats of a
certain level, ensuring sustainability requires constant adaptation of the
object of management to changes in the security environment due to the
continual presence of threats of various natures and origins, both in-
ternal and external to such an object. This distinction between security
and sustainability only emphasises the multifaceted nature of these
concepts, e.g. in statics (state, level of security) and dynamics (preser-
vation of the desired parameters of the state’s functioning and/or the
projected trajectory of its sustainable development).

Therefore, the realisation of sustainable development goals in its
security dimension is consistent with the goals of ensuring the energy
sustainability of any state [6-10], aim to maintain a sustainable envi-
ronment in light of growing industrialisation [11]. The importance of
this sustainable development goal is undeniable in terms of the energy
deficit caused by different factors of energy insecurity [12,13], including
the riskiest factors caused by world energy uncertainty, financial
development, and technological advancement [14]. In Ukraine, an
exemplifying country for this research, ensuring energy security based
on reliable foresighting is extremely important due to the need for en-
ergy sector transformations [15]. After the war, Ukraine should change
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the structure and functioning models of the country’s economy and
energy sector. For this reason, the practices of energy security regulation
and geopolitical risks consideration highlighted in previous research
[16] are valuable for designing the energy security policy. Particularly,
regional development policy and government support for technological
development require significant changes and renovation. In this regard,
the development of new methodological approaches to science-based
strategizing of spatial associations is of great relevance. Its successful
implementation in energy policy development can be further scaled for
other countries where the energy transformation requires reliable
foresight

A well-known tool for studying the future is classical forecasting,
which is a quantitative characterization of the future based on past data
and analysis of long-term factors and development trends. There are
concomitantly several reasons that complicate macroeconomic fore-
casting [1,17-19]: the possibility of unforeseen changes and the impact
of exogenous parameters cannot be ruled out; forecasting is always
based on preliminary information that will become more accurate only
over time; the objective complexity of the forecasting task due to the
nonlinearity of economic processes, the presence of corruption and the
shadow economy, the instability of weather conditions caused by global
climate change and their impact on the agricultural sector of the econ-
omy, the dependence of the economy on external and internal threats;
the methodological problem of choosing forecasting models.

Among the variety of ideas in macroeconomic modelling theory,
there are two main areas. The first one is based on dynamic models of
rational behaviour of a typical economic entity in an efficient market,
which forms rational expectations under conditions of general uncer-
tainty. The second area of macroeconomic modelling is based on a
systematic approach to analyzing macroeconomic dynamics. In this
case, the nonlinearity of economic processes is considered fundamental.

The first approach is the use of statistical analysis and the construc-
tion of regression (linear and nonlinear) equations to model economic
variables of individual markets based on historical data with further
extrapolation of macroeconomic indicators (vector autoregressive
models, multivariate models, regression methods and systems of
simultaneous equations; lagged distribution models, etc.) [20-23]. This
approach is successfully tested in comparative economic complexity and
energy security analysis in high-income and middle-income countries
[24,25]. The most well-known macromodels used in developed coun-
tries, especially in the US, are the vector auto regression (VAR) model,
the vector error correction model (VECM), and the Klein macro models
[26]. They all reflect neo-Keynesian or neoclassical approaches. The
basic principle of these models is: “The past determines the future”.

The second approach is the simulation modelling of socio-economic
processes under consideration of the analytical dependencies of eco-
nomic properties using modern economic theories with the methods of
economic cybernetics [27-29]. Kharazishvili [1] identified distinctive
features of the second approach:

- “...the proposed models are mainly deterministic rather than statis-
tical, which immediately eliminates several problems: the presence
of long dynamic data series, statistical estimation of parameters,
errors associated with parameter averaging;

- a successful combination of Keynesian, classical, and monetarist

approaches within a single model, which enhances the economic

significance and fundamental nature of the developed approaches;

the definition of aggregate demand and aggregate supply not as
scalar values, but as functions of the general price level — the GDP
deflator, which makes it possible to determine the general macro-
economic equilibrium through their interaction, as well as the sub-

sequent emergence of many new functionalities” (p. 7).

The information above leads to several conclusions:

- classical forecasting always contains an inherent pathology of errors;
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- the use of the principle of classical forecasting “the past determines
the future” does not work in a transformational economy - the future
is not a continuation of the past but takes on fundamentally different
forms and structures. In other words, the structure of the object of
study, the interaction between components, and the target parame-
ters of such interaction will be different in the future;

forecasting does not answer the question: what should be the pa-
rameters of the desired state of the object of management. The target
parameters of the object of management are determined not only by
past trends but primarily by the management entity’s understanding
of the goals of the object’s development;

since both above approaches use input data based on classical fore-
casting methods, they are practically applicable only for the short
term - a year or two (questionable).

Another main tool for solving these tasks is foresight, which, ac-
cording to the United Nations Industrial Development Organization
(UNIDO), is a system of methods for expert evaluation of strategic
projects of socio-economic and innovative development, identification
of technological breakthroughs, and the ability to determine the impact
on the economy and society in the medium and long term [30]. Amer-
ican researcher Ben Martin provided another good formulation, defining
foresight as systematic attempts to assess the long-term prospects of
science, technology, economy, and society to identify strategic research
directions and new technologies that can bring the greatest
socio-economic benefits [31]. The application of foresight has gradually
changed from technological, market-oriented [32,33] to socio-economic
[34-36] and strategic [37-42], i.e. integrated into the system of stra-
tegic management of a certain object.

On the other hand, foresight is characterized as a process, i.e.
foresighting: “...a process involving systematic attempts to look into
the long-term future of science, technology, economics, and society in
order to identify areas of strategic research and the emergence of general
technologies that are likely to bring the greatest economic and social
benefits” ([43], p. 96).

Thus, considering the publications above, foresighting is not a
method, but a technology that incorporates methods developed in
various scientific fields, i.e. work on forecasting the desired, not any
future, e.g.: Delphi method; identification of critical technologies; sce-
nario development; expert panels; SWOT analysis; economic and
mathematical modelling; brainstorming; regression analysis; extrapo-
lation; simulation modelling; neural networks, multi-criteria analysis,
etc. In contrast to forecasting, which is the determination of medium- and
long-term forecasts for the development of the national economy, the
task of foresighting is to identify long-term factors and trends, i.e. qual-
itative rather than quantitative results.

At the same time, both strategic foresight and long-term forecasting
are intended primarily to determine what can happen, not what should
be done. Thus, the tools of economic and mathematical modelling, un-
derlying classical foresight and classical forecasting, are not perfect and
have not only advantages but also significant disadvantages.

In mathematical terms, the use of foresighting is a necessary but not
sufficient condition. That is why most of the strategies developed in
Ukraine are declarative in nature without scientific substantiation of
strategic guidelines through the declaration of necessary measures such
as: ensuring, promoting creating, forming updating, implementing,
improving, attracting, developing.

Unfortunately, expert assessments are full of subjectivity and do not
exclude fundamental errors. The use of the SWOT-analysis method can
be considered necessary for determining strategic directions of devel-
opment, but not sufficient to substantiate quantitative strategic assess-
ments of the future state. Classical forecasting methods based on
correlation and regression analysis are considered inappropriate here.
Firstly, forecasting gives a continuation of existing trends into the future,
which is not always fulfilled; secondly, it always contains an error;
thirdly, it is necessary to know how the components and indicators of
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sustainable development should change to achieve the desired state of
development. Considering these peculiarities, strategic planning for
such an extremely important area of economic development requires
completely different approaches.

3. Methods

To develop strategic scenarios for the post-war revival of energy
security, the concept of sustainable development in the security
dimension [44] is used “...as a management construct containing a
general systemic view of the ways of transition from the current position
of the object of management to the desired one” within the framework of
a secure existence. The theoretical basis of the concept is applied sys-
tems theory, management theory, economic cybernetics, statistical
analysis, artificial intelligence methods (cluster analysis) embracing
three stages: identification, scientific substantiation of institutional mea-
sures, and strategizing.

The methodological foundations for identifying and strategizing
national security components outlined below are applicable at any level
of decision-making (country, region, type of economic activity — in-
dustry, rail transport, air transport, agriculture, enterprise, etc.) and
concerning individual components of national security (energy security,
environmental, information, economic, social, informational, etc.).

Strategizing is the final element of sustainable development concept
in the security dimension, which is impossible without the identifica-
tion stage: determining the boundaries of safe existence [45-47]; inte-
gral assessment of the level of sustainable development: multiplicative
form of the integral index, combined normalization method, dynamic
weighting coefficients, simultaneous integral convolution of indicators
and their boundary values [44,48].

Each listed point contains scientific novelty, confirmed by copyright
certificates for the work, which allows for new findings when applied.
For example, the determination of the boundaries of the safe existence of
dynamic systems is based on applied systems theory [47], specifically
the concept of the extended “homeostatic plateau” (Fig. 1) [49], which
allows for the justification of safety gradations: critical, threshold,
optimal in both directions of the plateau, related to the areas of positive,
neutral, and negative feedback.

Quantitative values of safety gradations are linked to the extension of
the “t-test” method through the construction of probability density
functions, the calculation of the vector of boundary values for the most
characteristic types of distribution of the “exemplary” sample: normal,
log-normal, and exponential (Table 1).

Since all processes in the economy are nonlinear, a nonlinear form of
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Table 1
A formalized vector of threshold values.
Type of Indicator Lower Lower Upper Upper
Probability Density Threshold Optimal Optimal Threshold
Function Value Value
Normal pH—txo H—o p+o p+txo
Lognormal (tail H—tx 1 — 0/kes H+o p+txo
right) 6/Kas
Lognormal (tail left) pH—txo H—o p+ 0/kas p+tx
6/kas
Exponential (tail p— 0/kes u p+o p+txo
right)
Exponential (tailleft) u—txo H—o W A+ 0/kas

integral indices is used. In this study, normalisation of indicators is
performed using a combined method that eliminates the shortcomings of
normalisation methods based on reference values and the range of
variation. At the same time, the “sliding matrix” method is applied to
determine dynamic weighting coefficients instead of constant ones and
expert assessments.

Scientific substantiation of institutional measures is the develop-
ment of institutional measures to overcome threats to sustainable
development by modelling the main priority strategic directions that
cover almost all sustainable development indicators. Kharazishvili et al.
[48] discussed the development of an expert-mathematical method for
assessing the impact of threats on the level of national energy security
for its adaptation along the trajectory of sustainable development. This
method combines expert assessments regarding the change in the
components of the integral index and formalised mathematical calcu-
lations of their impact on the integral index and indicators. Since any
classification of threats is somewhat conditional and subjective, two
types of threats were considered:

- threats that are internal elements of the security object are
indicators;

- threats that cannot be described by indicators of the state of the se-
curity object are external to the security object and require other
approaches to consider their impact on the level of energy security.

The research findings are to identify national regulatory measures
capable of changing energy security indicators in a way that would
implement or restore the desired trajectory of sustainable development.

Strategizing covers the following stages: goal-setting — defining
strategic goals; building a future trajectory of the desired development;

4 Positive feedback area

Homeostatic plateau

System transformation

1

Resistance to the control system

Svstem transformation

N

N '

Negative feedback

area |
TaacT

Neutral feedback area

Basic impacts on system

v

Fig. 1. Extended homeostatic plateau of the dynamical system [44,48].
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synthesis of strategic guidelines of components and indicators of the
security object through the decomposition of integral indices using
adaptive control methods (Fig. 2) [44] derived from the theory of
management [50]; implementation of the “denormalisation” procedure,
which is transition from dimensionless indicators to macro indicators in
natural units of measurement.

The approach used to strategize sustainable development differs
significantly from classical forecasting methods (due to the principle of
forecasting “the past determines the future”) and classical foresight
(identification of long-term factors and trends), which a priori contain
an inherent pathology of errors. The new approach is based on the
principle that “the trajectory towards a future determines the future” by
building desired development trajectories towards certain goals in the
security dimension and solving the inverse problem by decomposing
integral indices using adaptive control methods from management
theory (see Fig. 2) to synthesise the dynamics of macroeconomic in-
dicators, that is, it reflects the technology of scientific and strategic
foresighting. A comparative table of approaches and results to strate-
gizing (Table 2) vividly reflects the advantages of scientific and strategic
foresight over classical forecasting and foresighting.

Thus, the aim of strategizing is not only to determine the desired
state of the object but also to define a course there and make the
necessary changes in time on the way to the desired goal [51-53]. This
approach a priori determines the knowledge of yearly integral indices I;
through the construction of the desired development trajectory towards
the set goals, which allows for being used as reference valuesI™™® in the
adaptive regulation model (Fig. 2). In the block “Identification of the
level of development”, the equations of the integral convolution of the
components from (3) with their weighting coefficients averaged n +1
over the past years are used in turn, where n- is the number of compo-
nents or indicators.

The task of the control device is to determine such a change in the
normalized indicatorsz;, that reduces the control criterion F; (square of
the error) to zero. Changes in the indicators are calculated by gradient
methods, considering the constraints. “...Since F is an ordinary function
of the parameters x;, a necessary condition for the existence of a relative
extremum is that the partial derivatives of this function for all variables
must simultaneously be equal to zero:

oF
VF =gradF=|—) =0. 1
gra (0}(.'1') ( )

Since the control parameters xi are subject to restrictions that
determine the physical or given limit of their possible change, when they
reach the maximum values corresponding to the sign of the gradient for
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Table 2
Comparative characteristics of approaches to strategizing.

Strategy based on the principle of “the
past determines the future”

Strategy based on the principle of “the
future is determined by the trajectory
to the future”

Scientific and strategic foresight is
determination of goals and trajectory of
their achievement, decomposition of
integral indices of the future trajectory to
synthesize the necessary values of
components and their indicators to find
the integral index within the desired
development trajectory

“Foresighting” is “...the process of
systematically attempting to look
into the long-term future of science,
technology, economics and society in
order to identify areas of strategic
research and the emergence of
common technologies that can bring
the greatest economic and social
benefits” (Cuhls K)

Foresight and forecasting methods: Strategizing methods:

Delphi method;
identification of critical technologies;
scenario development; expert panels;

building integral indices in the security
dimension (identification);
goal-setting means defining strategic

- SWOT analysis; goals for a given perspective in security
- economic and mathematical coordinates;

modelling; - building a future trajectory of targeted
- brainstorming; development;
- regression analysis; - synthesis of strategic guidelines of
- extrapolation; components and indicators of the

simulation modelling;
neural networks;

security object through the
decomposition of integral indices using
multicriteria analysis, etc. adaptive control methods from the
The result of forecasting is a theory of management (strategizing);
quantitative characterization of the - implementation of the procedure of
future based on extrapolation of past “denormalisation” - transition from
data and analysis of long-term factors
and development trends

dimensionless indicators to macro

indicators in natural units of

measurement.
The result of strategizing is quantitative
science-based dynamics of components,
indicators and macroeconomic indicators
that ensure the desired trajectory of the
national economy in the medium and long
term (strategic plan)

The result of foresighting is the
identification of long-term factors
and trends, rather than the
construction of long-term forecasts of
the national economy; the emphasis
is on qualitative rather than
quantitative results

Compiled by authors.

a given variable, these parameters are fixed at the specified maximum
values. At the same time, the search for the minimum F is carried out for
other variables at fixed sliding boundary values of some variables until
the sign of the gradient changes. The solution to the problem obtained in
the presence of the imposed constraints is not optimal, but suboptimal,
because some gradient vector components may not equal zero” [44]. It is
the consideration of the limitations of changes in components or

Making allowance for
Statistical limitations
indicators
Indicators
+1,
_ targ \ 2
Macro- t_(It_It )
‘} > model —p| Identification of
development | No Setting
> level Criterion mechanism
®" calculator 1 calculator
Reference model
o (anticipated
"| characteristics ) Yes
_Itarg
t

Fig. 2. Generalized scheme of adaptive control system with a reference model [44,48].
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indicators that gradually changes the structure of energy security every
year.

This is a classic case of applying an adaptive regulation scheme,
where a trajectory is built, and constraints are set for the overall integral
index, which, through its decomposition, leads to determining the dy-
namics of its components according to the existing structure through
weighting coefficients. If we apply the construction of desired trajec-
tories not for the overall integral index, but for the integral indices of its
components with corresponding constraints and sustainable develop-
ment goals, we accelerate the structural transformation of the object of
study. This automatically ensures balanced sustainable development at
the level of all components of the integral index, except for their in-
dicators, for which some imbalances may theoretically persist.

This case is appropriate when the integral index value is near or on
the verge of the lower optimal value. In this case, the structure of energy
security (or any other component of national security) will change
slowly, ensuring the calculation of dynamic weighting coefficients that
take into account the impact of all indicators.

Consequently, due to the constraints, condition (1) is no longer
necessary for the existence of an extremum, so this problem belongs to
the class of mathematical programming problems — nonlinear para-
metric optimisation.

This leads to the elements of scientific novelty in the proposed
technology of scientific and strategic foresighting:

— structural evolution mode, which involves building desired trajec-
tories toward defined goals for the overall integral index and its
subsequent decomposition into components, and then to indicators
using adaptive regulation methods from control theory;

— mode of projected structural transformation:

(a) at the level of components of the integral index — balanced sus-
tainable development: This involves constructing desired tra-
jectories to defined goals (lower optimal, middle optimal, or
upper optimal in the vector of boundary values) for each
component of the integral index, integral evaluation of the
components and their boundary values for a defined period to
obtain the overall integral index, and decomposing all compo-
nents for synthesizing strategic values of indicators;
at the level of indicators of all components — rapid targeted
transformation: This involves the subject setting the target
structure and parameters of individual indicators for the desired
future, performing an integrated convolution from the current
state to the specified year of indicators for all components and
their boundary values, and then convolving the components to
obtain the dynamics of the overall integral index. Moreover, the
trajectory of indicator changes can be defined as a linear or
nonlinear function up to the specified year;

- mechanism for regulating the speed of structural change in the
object of study toward the level of sustainable development by
regulating the magnitude of constraints of integral indices during
their decomposition using adaptive regulation methods, their com-
ponents, and indicators.

(b

-

Scientific and strategic foresighting is a universal approach that
provides for the preservation of the system structure in the absence of
violation of the constraints of components and indicators (evolutionary
development), its slow adaptation to the challenges of achieving the
target state when approaching the constraints (adaptive development)
and active adaptation to the target state (purposeful development) when
they are exceeded. In this case, the entity projects the target level of the
integrated energy security index (or integral indices of its components)
and determines the trajectory of its achievement; and then determines,
through a sequential decomposition, the necessary dynamics of changes
in the values of certain components and then indicators while main-
taining or slowly and actively changing their structure when
approaching and exceeding the limits.
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Each indicator, component, or integral index is characterised by a
vector of boundary values: the upper/lower optimal, threshold, and
critical one. If the goal is set as sustainable development, meaning the
achievement of the integral index of the security object at the centre of
the homeostatic plateau — the middle optimal value, the constraints can
be the upper critical, threshold, or optimal values. Furthermore, if,
during the decomposition of the integral indices, the values of compo-
nents or indicators exceed the optimal and threshold values, they are
fixed at those levels until the gradient values change sign. Therefore,
ensuring the specified level of the integral index is achieved by adjusting
other components or indicators, forcing them to “catch up” to ensure the
optimization criterion (the square of the error approaches zero). Thus,
the closer the constraints are to the specified goal, the more indicators
achieve their goal, which means the acceleration of the structural
transformation of the object under study.

The scientific findings were obtained through data processing in the
software Strategizing, which implements the adaptive control scheme
(Fig. 2) in the C++ programming language.

Table 3 presents the structure of the input data and the results of the
program’s operation.

Each file of input data provides the following:

- Number of components (indicators): The program automatically
generates a multiplicative convolution for the specified number of
indicators;

Vector of normalized indicators: Used as the last known point for the
next trajectory of sustainable development;

Vector of maximum values (constraints): Used as a regulator to
accelerate the structural change of the object under study;

Vector of weighting coefficients: Characterizes the influence of each
component in the last known point of the integral index and is used
for subsequent periods;

Vector of normalizing coefficients: (“0"-integral index; number - for
indicators): used to perform the “denormalization” procedure after
synthesis, i.e., converting dimensionless indicators into indicators
with natural units of measurement;

Indicator type (“0’-de-stimulant; "1"-stimulant): Used to select the
formulas for denormalization;

Indicator shift vector: Used when there are negative indicator values
and determines the magnitude of the shift in the indicator’s values
and its boundary values by an amount greater than 5 % of the
maximum negative value, with subsequent consideration for
returning to the natural state.

In the resulting fragment of the program’s work in ‘Strategizing’, the
initial and target values of the integral index are shown, along with
strategic indicators: the initial and final normalized values of all in-
dicators. The next line presents the values of strategic indicators in
natural units of measurement and the achieved value of the integral
index.

Based on data about the number of indicators, the computer program
automatically generates the required multiplicative form of the integral
index, which is applied in calculations. The adaptability of the indicator
value adjustment is achieved by using an optimal gradient method,
selecting the optimisation step based on the Newton-Raphson method,
and quadratic approximation at the final stage, which implements the
function of multi-parameter nonlinear optimisation with consideration
of constraints.

The system of energy security indicators is defined by 47 indicators,
the number of which is necessary and sufficient for a complete
description of the system, taking into account the trade-off between
completeness and complexity and their belonging to stimulators S or de-
stimulators D. The energy security indicators were formed based on the
principles of systematics, comprehensiveness, hierarchical organisation,
adequacy, clarity, continuity, and accessibility, reflecting the integrity
of the system of indicators. In other words, the inherent impossibility of
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Table 3
A fragment of the input data file and calculation results screen.

Sustainable Futures 9 (2025) 100580

reducing the properties of the system of indicators to the sum of the
properties of its components and the impossibility of deriving the
properties of the whole from those of the parts was taken into account.
Overall, a system is understood as a set of interconnected elements that
interact and form a whole - i.e., a system [54].

A distinctive feature of the proposed list of energy security indicators
(Appendix 1) is the inclusion of “shadow” indicators and 9 other in-
dicators not calculated by national statistical authorities. Without
considering these, the assessment of energy security would not reflect
the actual situation, as substantiated by Kharazishvili et al. [55] and
Kharazishvili et al. [48].

The identified indicators are grouped into components according to
the Energy Security Strategy of Ukraine [56]: resource sufficiency (I),
economic affordability (II), economic efficiency (III), energy efficiency
(IV), environmental acceptability (V), sustainability of functioning (VI),
protection of national interests (VII).

In calculating the boundary values of indicators, the values of energy
indicators from developed countries over the past 5-10 years were used
as an “exemplary” sample, which can be considered a model for the
country under study. The countries selected for this research in various
combinations were Japan, Germany, Belgium, France, Finland, Sweden,
Switzerland, Italy, Spain, Turkey, The Netherlands, Portugal, and
Poland.

Using the formulas for boundary values according to the type of
distribution [55] and the computer program Auto Thresholds, we obtain
vectors of boundary values for all indicators. Their integral convolution
provides the integral boundary values of the components of energy se-
curity (Table 4) necessary for further strategizing.

4. Findings

The authors have developed a universal technology for strategizing
sustainable development of any national security component, which, in
contrast to classical forecasting methods (based on the principle “the
past determines the future”) and classical foresighting (determining long-
term factors and trends), is based on the principle “the trajectory towards
a future determines the future” through the construction of desired
development trajectories toward defined goals in the security dimen-
sion. This involves solving the reverse problem by decomposing integral
indices using adaptive regulation methods from control theory to syn-
thesise the dynamics of strategic indicators and macro-indicators, which
can be considered scientific and strategic foresighting.

The proposed technology of scientific and strategic foresighting al-
lows implementing the following strategizing modes: structural evolu-
tion, projected structural transformation: (modes of balanced
sustainable development and rapid targeted transformation).

Table 4
Vectors of limit values of energy security components of Ukraine*.
Components of sustainable  Critical Threshold Optimal 2022
development/thresholds upper/ upper/lower upper/lower
lower
Resource sufficiency 0,1067 / 0,2248 / 0,3588/ 0,3195
0,8585 0,6459 0,5141
Economic affordability 0,1279 / 0,2877 / 0,4422 / 0,3338
0,9251 0,8299 0,6649
Economic efficiency 0,2512 0,3593 / 0,4868 / 0,2097
/0,9695 0,8667 0,6693
Energy efficiency 0,1427 / 0,3375 / 0,5109 / 0,2057
0,8748 0,8099 0,6877
Environmental 0,1016 / 0,2719 / 0,4416 / 0,2668
acceptability 0,8767 0,7497 0,6188
Sustainability of 0,2295 / 0,4437 / 0,6720 / 0,3926
functioning 0,9571 0,8988 0,8207
Protection of national 0,3632 / 0,5275 / 0,6666 / 0,3128
interests 0,9871 0,8721 0,7913
Institutional and 0,4196 / 0,5697 / 0,6647 / 0,4574
organizational support  0,9864 0,8517 0,7957
Quality of policy 0,3196 / 0,4874 / 0,6684 / 0,2167
implementation 0,9876 0,8907 0,7873
Integral index 0,1678 / 0,3316 / 0,4917 / 0,2932
0,9187 0,8011 0,6664

" Model calculations by the authors.

Additionally, as elements of scientific novelty, there has been identified
a mechanism for regulating the speed of structural restructuring of the
object under study through changing constraints from the boundary
value vector and a mechanism for achieving the level of balanced sus-
tainable development through building desired trajectories of the com-
ponents of the integral index. Thus, the integral convolution of these
components will a priori ensure the level of sustainable development for
the overall integral index and its components, while the result of
decomposing these trajectories will be the dynamics of indicators that
ensure the achievement of the defined goals.

The strategic dynamics of components, indicators, and macro-
indicators for a specified timeframe essentially form a strategic plan
for post-war development. Unlike traditional approaches to classical
forecasting and foresighting, which provide an approximate answer to
“what might happen,” the modern approaches to strategizing provide an
answer to “how it should be done.”

The strategic vision of sustainable development first involves
determining how far, from the point of sustainable development, the
overall integrated index, the integrated indices of its components, and
the indicators themselves are, which is the basis of the goal-setting stage.
In other words, it is first necessary to determine the starting point from
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which to start moving towards sustainable development. For this pur-
pose, it is necessary to determine the criterion of sustainable develop-
ment to formulate the necessary goals.

The inability to formulate strategizing goals in a scientifically sound
manner confirms the idea that goal-setting is associated with societal
issues. Goal-setting is not within the scope of economic science and
cannot be distilled into a prescriptive set of guidelines [57]. Obviously,
realising goals may be controversial and require compromise solutions,
but this refers to the realisation, not the setting of goals.

It is the development of the concept of an extended “homeostatic
plateau” (Fig. 1) ([44], pp. 66-72) that made it possible to scientifically
substantiate the gradations of safety (critical, threshold, optimal) asso-
ciated with the areas of positive, neutral and negative feedback in both
directions of the plateau, and their quantitative values with the exten-
sion of the “t-test” method by calculating the statistical characteristics of
the “exemplary” sample, building the probability function and solving
the problem of recognizing patterns of an arbitrary sample by artificial
intelligence methods with the subsequent calculation of the vector of
threshold values. At the same time, the criterion of sustainable devel-
opment can be considered the average optimal value of the “homeostatic
plateau”, where there are the best conditions for the system’s func-
tioning and negative feedback. Thus, 30 years after Alle’s quote about
the impossibility of scientific substantiation of the goal-setting stage, the
applied systems theory, statistical analysis, and artificial intelligence
methods become the theoretical basis for determining the goal-setting
stage.

The advantages of scientific and strategic foresighting will be
demonstrated using the example of Ukraine’s energy security. Unlike
previous works by Sukhodolia et al. [54] and Kharazishvili et al. [48],
which were dedicated to studying the quantitative assessment of the
impact of both external and internal threats on the level of national
energy security, the new study differs in the following ways: first, it
includes the “hydrogen” indicator (as one of the new priorities outlined
in Ukraine’s energy strategy for the period up to 2050); second, it in-
volves adjusting the boundary values due to the ongoing military actions
by rf; and third, the focus of the study is on researching strategic plan-
ning methods.

According to the defined components of energy security and the
methodology for identifying the current state of sustainable develop-
ment, a mathematical model was obtained in the following form ([54] p.
36; [48]) (2):

10 5 6 6 5

5 6
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where k is the number of components; I is the number of indicators; j is
the number of safety gradations.

Given that the Ukrainian government restricted access to informa-
tion about the country’s fuel and energy complex (FEC), experts deter-
mined the values of several indicators for 2021-2022. It can be agreed
that although all forecasts are highly speculative today, they are
necessary to understand the depth of the decline and to justify the in-
dicators and macroeconomic indicators of Ukraine’s post-war economic
recovery policy. To demonstrate the advantages of the developed stra-
tegizing methodology, the article compares the results of energy security

7 6
_ 3 _ bij . __ | plow . plow . plow . papper. papper . papper
Iivn = HIKU Pij - Hpij ’ Pi-f - |:Pkrit‘ij7 Pthres.ij’ Papt.ij‘rp:;pt,ij ?Pdlres,iﬁP:ritjj
k=1 =1

a a; a a a
I, = Hzij;lu.r = Hzi_j-;[m.t = Hzij:,llv‘t = Hzij§1v.t = Hzi_}l,IVLr = H

i=1 i=1 i=1 i=1 i=1 i=1

Sustainable Futures 9 (2025) 100580

level strategizing for two approaches of scientific and strategic foresight:
structural evolution (evolutionary) and projected structural trans-
formation (transformational), which both use the principle “the trajec-
tory towards a future determines the future”:

Consistent implementation of the integral convolutions of indicators
and components of energy security (2) simultaneously with the convo-
lution of the corresponding thresholds allows for identifying the level of
sustainable development of Ukraine’s energy system in the security
dimension (Fig. 3).

Given the starting point of strategizing and the integral security
gradations, we choose strategic goals for a certain period - the end of
2030; and build exponential trajectories for their achievement.
Concomitantly, we know a priori what the integral energy security index
is (should be) equal to each year.

The development scenarios in the field of energy security are based
on the choice of an energy supply model for the needs of society and
people, which provide three fundamentally different options for
achieving the future state of energy security:

1. The model of evolutionary development, where the methods and structure
of energy production and energy use are preserved as target parameters.
At the same time, at the initial stage, the restoration of the destroyed
energy infrastructure of Ukraine is carried out on the existing techno-
logical base, with further evolutionary replacement of technological
equipment with new or modernised equipment with a low level of
capital investment.

2. The “green transition” model, where the parameters reflecting the
priority use of renewable energy sources are selected as target param-
eters. In this case, priority is given to the restoration and further
expansion of the share of renewable energy sources in the energy
balance. Outdated technologies (coal-fired generation) are gradually
being replaced, but a high level of centralized management and high-
capacity generating facilities is maintained.

3. A model of the sustainability of energy supply to consumers in the event
of a crisis, where the parameters reflecting the priority of generating
capacities dispersal, diversification of supply routes and development of
smart local energy supply systems are selected as targets. Concomi-
tantly, the restoration and further development of the country’s
energy sector is based on the principle of guaranteeing the provision
of vital services (energy supply to consumers and infrastructure that
provides vital services/functions).

)

2
a a;
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The proposed models of energy supply for the needs of society and
humans become the basis for scenario modelling, namely:

Inertial (Scenario 1) - the target value of the integral index is to reach
the lower threshold value of the integral index, which will represent the
implementation of the evolutionary development model.

Adaptive (Scenario 2) - the target value of the integral index is to
reach the average value between the lower threshold and the lower
optimal values, which will be based on the implementation of the green
transition model with the slow adaptive evolution of the energy sector.

Target (Scenario 3) - the target value of the integral index is to
achieve the lower optimal value, which will reflect the targeted
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The level of sustainable development is structural evolution
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Fig. 3. Dynamics of the integrated energy security index on the trajectory of sustainable development with strategic goals to the “structural evolution” approach.

implementation of the model of sustainable energy supply to consumers.

Substituting the values of the integral index into the “reference model”
(Fig. 2), we will obtain the dynamics of energy security components that
ensure the achievement of the targets defined. The decomposition of the
integral index is carried out first for the components (Fig. 4), and then
for the indicators, considering the determined dynamic weighting co-
efficients at the end of the identification period — year 2022 (the reverse
task). The resulting dynamics of components and indicators is, in fact, a
strategic plan for the post-war revival of Ukraine’s energy security.

The approach of “The designed structural transformation” involves
solving the “direct” problem through the integral convolution of the
indicators of each component, followed by the integral convolution of
the components to obtain the overall integral index (Fig. 5).

Moreover, for each indicator, target values by 2030 or 2050 are set,
which are used in the Energy Strategy of Ukraine [56] as expert esti-
mates, taking into account the defined vector of limit values of each
indicator. The dynamics of changes in the indicators by 2030 or 2050 are
calculated as a linear function of time, i.e., by 2030, we get the dynamics
of changes in all energy security indicators based on the officially
approved values by 2050.

The obtained dynamics of the integrated index components make it
possible to determine the dynamics of the integrated energy security
index by solving a direct problem (Fig. 6).

Comparison of the two approaches to sustainable development
strategy. The “structural evolution” approach uses an exponential tra-
jectory of the integral index (this determines the exponential trajectory
of components and indicators) and constant weighting coefficients for
future periods (because when solving the inverse decomposition prob-
lem, we do not know the values of indicators), calculated for the final
identification period. Meanwhile, the distribution of the required in-
crease in the integral indices of the components and their indicators is
carried out depending on the weighting factors, which causes a gradual
evolutionary (slow and active) change in the structure of energy security
(the contribution of each component and indicator) depending on the
approach and exceeding of the relevant limits (see Fig. 4).

The main feature of the “structural evolution” approach to strategy is
that we know what value the integral index (a generalized representa-
tion of the goal) of energy security should have for a certain perspective
and consistently synthesize the necessary dynamics of components and
indicators (determine the change in the system structure) by solving the
inverse problem, i.e., decomposition of integral indices: from the inte-
gral index to the indices of components and dynamics of indicators.

To strategize according to the “Projected Structural Transformation”
approach (at the level of indicators), dynamic weighting coefficients are
calculated for each period, taking into account the obtained linear dy-
namics of indicator changes, which leads to a faster-forced change in the
energy security structure due to the rapid change in indicators and their
weighting coefficients. However, the existing combination of indicators
does not always allow calculating dynamic weighting coefficients by the
principal components method when all indicators are significant, which
increases the minimum required matrix size for calculating dynamic
weighting coefficients, making them constant over a significant range
and in some cases gives artificial nonlinear dynamics of components (see
Figs. 5, 6).

According to the Projected Structural Transformation approach, the
main feature of strategizing is that we know the target values of the
indicators (the target changes in the system structure), but we do not
know the final values of the components and the integral index as a
whole (a generalised representation of the desired goal).

Let’s reveal the differences in achieving the final results of the two
approaches to strategizing by the dynamics of the integrated energy
security index for the period up to 2030 (Fig. 7).

The situation is completely different with the second mode,
“Designed structural transformation” — balanced sustainable development,
which can be chosen for any defined goal. Desired trajectories (usually
exponential) for achieving specified goals (e.g., the middle optimal
value of the boundary value vector) are built for each component of the
integral index. Therefore, we know the final values of the integral
indices of the components, can determine the dynamic weighting co-
efficients, and perform the convolution to obtain the dynamics of the
overall integral index, which a priori will equal the middle optimal
value. The synthesis of the dynamics of the indicators for each compo-
nent is determined through the decomposition of the integral indices of
the components with known weighting coefficients for the last period of
identification of each component throughout the entire study period.
However, there is a possibility of indicator imbalances, meaning varying
deviations from the point of sustainable development, which can be
eliminated by changing the constraints.

Thus, the researcher can choose which method of strategizing is most
suitable for solving their task. Simulation results demonstrate the
advantage of “balanced sustainable development” for the target scenario
“A model of the sustainability of energy supply to consumers” among the
three strategizing modes (Fig. 8).

The calculations for the “scientific and strategic foresight” approach
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The level of sustainable development is the projected structural transformation

0.9

08

0,7

06

05

0.4

pre—

03

0,2

wrﬁvﬂ%

L
4

0.1

2000 2002 2004 2006 2008 2010 2012

2014

2016 2018 2020 2022 2024 2026 2028 2030

et | Ntegral index
ey | ppEr Optimal
—o— |ower threshold-2
—— Upper critical-2

e [DWeET CritiCal
g | pper threshold
lower optimal-2
e | NErtial

s |OWeET threshold e [OWET Optimal

e | ppET Critical lower critical-2
—=— Upper optimal-2 —— U pper threshold-2
e Adapiive Targeted

Fig. 6. Strategic dynamics of the integral index of energy security according to the "Designed structural transformation" approach.
8 g1c dyn: g gy y g g PP

The level of sustainable development

05 -
—
045 ./
/‘ /‘/‘/,’<l
0.4 o=t
0,35 5/\_n\ ,W —
0,3 \ /////
0,25 T T T T
2020 2022 2024 2026 2028 2030
ey | Ntegral index e | NE T —— Adaplive e Targeted

Fig. 7. Dynamics of the integrated index of energy security according to two approaches: in bold — “structural evolution”; in fine print — “Designed structural

transformation”.

to strategizing were made for the “upper optimal” constraint gradation.
Setting the “average optimal” or “lower optimal” constraints as grada-
tions will allow for a faster increase in the structural reorganisation of
the security facility, depending on the practical feasibility of the calcu-
lated scenarios. This makes it possible to regulate the speed of structural
reconstruction of the security object, i.e., the control property.

5. Discussion and conclusions

Unlike the authors’ previous works [48,54], which focused on the
quantitative assessment of the impact of both external and internal
threats on the level of national energy security, the new research differs
in the following aspects: firstly, it includes the “hydrogen” indicator (as
one of the new priorities identified in Ukraine’s energy strategy up to
2050); secondly, it adjusts the boundary values due to the ongoing
military actions by Russia; and thirdly, the focus of the research is on
examining strategic planning methods.

Strategizing is based on the results of identifying the current level of

12

sustainable development in the security dimension and is a logical
continuation of it. The authors developed an identification methodology
that differs in the scientific novelty of the system of energy security
indicators, the determination of safe existence boundaries (security
gradations and their quantitative values), the multiplicative form of the
integral index, the combined normalization method, dynamic weighting
coefficients, and simultaneous integral convolution of both the in-
dicators and their boundary values. This approach allows the determi-
nation of the level of security or risk on a single scale.

Modern approaches to integral assessment, particularly one of the
most well-known and authoritative ones [58], have certain gaps: the
lack of a scientific definition for weighting coefficients (expert-based
determination or all are considered equal); the artificial determination
of security gradations (innovation leaders, strong innovators, moderate
innovators, modest innovators) instead of scientifically justified grading
for assessment. At the same time, the authors of the methodology
themselves acknowledge the impossibility of comparing calculation re-
sults for each year [58], which is a significant flaw in the evaluation
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methodology. Such an approach does not align with the principles of
scientific strategizing and leads followers of these approaches back to
using correlation-regression analysis (the past determines the future).
While these approaches are well-tested and actively used for forecasting
energy security, they have certain methodological differences, such as
the use of vector autoregressive models [20], quantile regression [21,24,
25] or the most advanced econometric modelling [14], the general logic
of application remains common. The review of existing approaches to
strategizing energy security and other components of national security
showed the imperfection of approaches that do not provide clear, spe-
cific guidelines for action planning - quantitative strategic benchmarks
of components, indicators, and macroeconomic indicators, monitoring
of which would allow controlling the process of achieving strategic
goals. Previously proposed approaches do not use modern methods of
economic and mathematical modelling to determine the quantitative
parameters of development strategies, to justify the feasibility of
choosing certain indicators, such as measures of goals, their planned
values, absolute and relative growth, urgency and priority of
achievement.

Both classical forecasting and classical foresight, as tools for pre-
dicting the future, use the same methods: the Delphi method, identifi-
cation of critical technologies; scenario development; expert panels;
SWOT analysis; economic and mathematical modelling, brainstorming,
regression analysis, extrapolation, simulation modelling, neural net-
works, multi-criteria analysis, etc. The basis of these methods is the
principle that “the past determines the future” or expert assessments,
which do not exclude principled errors; the future is not a continuation
of the past but takes on fundamentally different forms and structures,
especially in a transformational economy.

The most common mistake researchers make in strategizing is fore-
casting the integral index of the studied object based on past periods
using polynomials. This approach (“blind” mathematisation) to fore-
casting the level of security diminishes the economic essence of such a
complex concept as sustainable development or security and discredits
the very principle of econometric modelling. A weak justification for this
is the fact that the coefficient of determination is close to “1”, and other
criteria are considered acceptable.

Thus, forecasting results in a quantitative prediction of the
future based on extrapolation of past data and analysis of long-
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term factors and development trends; foresight results in the
identification of long-term factors and trends rather than the con-
struction of long-term forecasts of the national economy; the emphasis is
on qualitative rather than quantitative results.

To address the identified shortcomings, Scientific and Strategic
Foresighting as a fundamentally new approach is proposed, based on
the principle “the trajectory towards a future determines the future.” In
contrast to classical forecasting and foresighting methods, Scientific and
Strategic Foresighting is based on applied systems theory, management
theory, economic cybernetics, statistical analysis, and artificial intelli-
gence methods (pattern recognition).

This approach provides a systemic view of the current level of the
energy component of sustainable development in the security dimension
and allows for scientifically substantiated strategic development sce-
narios. The content of the scenarios includes the quantitative dynamics
of all components and indicators of sustainable development leading to
the desired year, the implementation of which will enable the achieve-
ment of defined goals. In other words, instead of a classic forecast (what
may happen), we propose a systemic identification of the level of sus-
tainable development and a scientifically justified strategic development
plan (how it should be done).

5.1. Main findings

The proposed scientific and strategic foresighting technology
directly relies on the scientific justification of the boundaries for the safe
existence of dynamic systems [49,59], which makes it possible to
consider the achievement of indicators and integral indices at the
average value of the “homeostatic plateau” as the criterion for sus-
tainable development. This plateau is determined by a pair of optimal
values (upper and lower) of the boundary value vector, where the best
conditions for the system’s functioning and negative feedback exist.
Therefore, the simultaneous integral folding of indicators and their
boundary values allows for determining the level of safety/unsafety, the
scientific justification for setting goals for the given perspective, and
the strategic scenarios for developing the research object.

The scientific novelty of the proposed scientific and strategic
foresighting technology lies in the following:
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1. The application of an adaptive regulation model from control theory
for the following modes of operation:

- structural evolution mode, which involves constructing desired
trajectories to defined goals for the overall integral index and its
successive decomposition into components, and then into in-
dicators using adaptive regulation methods from control theory;

- mode of projected structural transformation:

(a) at the level of the components of the integral index — balanced
sustainable development: this involves constructing desired
trajectories to defined goals (lower optimal, middle optimal, or
upper optimal of the boundary value vector) for each compo-
nent of the integral index, integral assessment of the compo-
nents and their boundary values for a given perspective to
obtain the overall integral index, decomposition of all com-
ponents for synthesising strategic values of indicators;
at the level of indicators of all components — rapid targeted
transformation, which means that the subject sets the target
structure and parameters of individual indicators for the
desired perspective, performs simultaneous integral folding
from the current state to the designated year for indicators of
all components and their boundary values and then folds the
components to obtain the dynamics of the overall integral
index. Moreover, the trajectory of changes in indicators can be
defined as a linear or nonlinear function to the designated year.
2. The proposal of a mechanism for regulating the speed of struc-

tural change of the object of research to the level of sustainable

development through regulating the values of boundary constraints
of integral indices during their decomposition using adaptive regu-
lation methods, their components, and indicators.

3. The development and proposal of three scenarios for the energy
sector of Ukraine’s post-war period based on different modes of
functioning of scientific and strategic foresighting, considering the
energy supply model, which provides three fundamentally different
options for achieving the future state of energy security: the evolu-
tionary development model, the green transition model, and the resil-
ience of energy supply to consumers. The final result of the strategizing
was the scientific justification of the dynamics of components and
indicators, ensuring which will guarantee the achievement of the
defined goals.

(b

-

5.2. Practical implications

To demonstrate the results of scientific and strategic foresighting,
specifically the modes of its operation, energy supply models for societal
and human needs were selected, which provide three fundamentally
different options for achieving the future state of energy security: the
“evolutionary development model” (inertial scenario), the “green transition
model” (adaptive scenario), and the “resilience of energy conservation for
consumers model” (targeted scenario) (see Fig. 8).

Thus, we have the following characteristics of the two approaches of
Scientific and Strategic Foresight:

“Evolutionary approach” prevails over the “transformational”
approach in terms of the following components: economic afford-
ability; energy efficiency; sustainability of the energy sector; it is
almost equal to the “transformational” approach in terms of pro-
tecting national interests.

“Transformational approach” (at the level of indicators) outweighs
the “evolutionary approach” in terms of the following components:
resource sufficiency, economic efficiency, environmental accept-
ability; practically equals the “evolutionary” approach in terms of
protecting national interests.

As can be seen from the modelling results, strategizing according to
the “transformational” approach requires a more aggressive change in
the dynamics of the integrated energy security index than strategizing

14

Sustainable Futures 9 (2025) 100580

according to the “evolutionary” approach. This is due to the fact that the
requirement to change the structure and parameters of the indicators
causes the system to resist changes, and in order to achieve the desired
results within a certain range of system development planning, addi-
tional efforts are needed (more influential decisions, faster imple-
mentation of decisions).

To compare with the evolutionary and transformational approaches,
Fig. 8 shows the result of strategic management using transformational
approaches at the level of components — balanced sustainable development
for the same defined goal — achieving the lower optimal value of integral
indices for all components. The modelling results clearly demonstrate
the advantage of this mode in terms of the total growth of components
(structural evolution — 3.199; projected structural transformation — 3.5;
balanced sustainable development - 3.552). Balanced sustainable
development also requires significant aggressive changes, so it is
advisable to use it when the integral indices approach the lower optimal
value or to extend the strategic planning horizon.

An example of the system’s resistance to rapid changes could be the
maintenance of the subsidy system for a wide range of consumers in
Ukraine’s energy markets. Another example is the slow pace of devel-
opment of local energy supply systems and renewable energy at the
direct consumer level. Periodic attempts by the Ukrainian government
to replace subsidies with market regulation mechanisms led to political
pressure, sometimes even resulting in the government’s resignation. At
the same time, the relatively rapid development of large renewable
energy installations in Ukraine (primarily solar power plants) during the
2011-2021 period was driven by significant economic incentives pro-
vided by the government, such as the introduction of “green” tariffs.

A distinctive feature of this study is the scientific substantiation of
the goal-setting stage, as opposed to the statement that it is impossible to
scientifically substantiate goal-setting because it is not within the scope
of economic science and science in general.

Researchers and managers gain an additional tool for analysis and
justification of management decisions when creating a strategy for the
development of a specific management area.

In practical terms, the developed method allows to:

- implement a project-based approach to forming the goals of strategic
development in specific management areas, developing various
strategic planning scenarios, which is especially important when
these areas are undergoing significant transformations or are in a
crisis state;

compare approaches to the development strategy of a management
area, assess the advantages and disadvantages of different policies,
and determine the necessary resources and time parameters for
implementing management decisions to achieve the goals.

Considering the known shortcomings and comments to the existing
approaches of integral assessment, and most importantly, to the ap-
proaches of strategizing, the results obtained are of practical importance
for an adequate and scientifically based identification of the level of
sustainable development in the security dimension for any component of
the national security of any country. Much more important are the re-
sults of scientifically based determination of strategic scenarios of sus-
tainable development, which, instead of qualitative long-term forecasts
based on the principle of classical forecasting such as “the past determines
the future”, allow obtaining a scientifically based answer to the question:
what should be the dynamics of components, indicators and macro-
economic indicators of national security components to achieve pre-
determined goals. The task of the policy is to use all possible levers to
comply with the determined dynamics of macroeconomic indicators.

Limitations and future directions

For Ukraine, whose energy sector has suffered significant destruction
during the war, this is especially important. The energy development
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goals can politically be defined in different ways: either preserving the
pre-war structure of generating capacities and the energy balance
structure (energy mix) or forming a fundamentally new energy
structure.

The use of new energy technologies, expanding the share of renew-
able energy in the energy balance, transforming regulatory mechanisms
in energy markets, and integrating Ukraine into new regional markets
will completely transform not only the energy structure as an element of
the system but also the interaction between the system’s elements. The
future of Ukraine’s energy sector must be projected without relying on
previous dynamics of indicators.

Regarding the limitations of the methods and tools used for strategic
planning: From the perspective of ease of application, in order of listing:
structural evolution (weighting coefficients of the most recent period),
balanced sustainable development (dynamic weighting coefficients for
determining the dynamics of the overall integral index, weighting co-
efficients of the most recent period for synthesizing indicators; it is
advisable to use this approach when integral indices approach the lower
optimal value of the boundary vector), and projected structural trans-
formation at the level of indicators (dynamic weighting coefficients for
integral folding of components and the overall integral index). However,
the existing combination of indicators does not always allow calculating
dynamic weighting coefficients by the principal components method
when all indicators are significant, which increases the minimum
required matrix size for calculating dynamic weighting coefficients,
making them constant over a significant range and in some cases gives
artificial nonlinear dynamics of components.

Scientific and strategic foresighting is a universal approach that is
not tied to any specific domain, such as energy, ecology, economic se-
curity, or social spheres. This characteristic makes it a versatile method.

Sustainable Futures 9 (2025) 100580

On the contrary, any specific domain is linked to the security gradations
of this approach, where defining the limits of the integral index, its
components, and indicators plays an important role.

Considering the known shortcomings and criticisms of existing in-
tegral assessment approaches, and most importantly, of strategic plan-
ning approaches, the results obtained have practical significance for
adequate and scientifically grounded identification of sustainable
development levels in the security dimension for any component of
national security.

Moreover, the theoretical and conceptual aspects of the work, as well
as the development of working software for individual stages of the
technology, represent an important step towards creating an Automated
System for Identification and Strategic Planning (ASISP) of sustainable
development for components of national security.
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Appendix
Appendix 1
Energy security indicators for Ukraine.
No. Indicator (/) Type Dimension
1. Resource sufficiency
1 Meeting needs with own primary energy resources S % of consumption
2 Cost of import of energy resources D % of GDP
3 Share of the resource in the energy balance: oil and petroleum products D % in balance
4 natural gas D % in balance
5 thermal coal D % in balance
6 nuclear and thermonuclear energy S % in balance
7 hydropower S % in balance
8 solar and wind energy S % in balance
9 biomass energy S % in balance
10 hydrogen ()] % in balance
11. Economic affordability
11 Cost of consumed energy resources for the state D % of GDP
12 Annual electricity consumption per person S Mwh
13 Annual energy consumption per person S toe
14 Share of household income used for housing and related services D %
15 Quality of supply of primary resources, fuel and energy S % (expert assessment)
111. Economic efficiency
16 Gross domestic product per person S thousand US dollars.
17 Level of investment by enterprises of the fuel and energy complex S % of fuel and energy complex production
18 Level of renewal of fixed assets of the fuel and energy complex S % of the fixed assets of the fuel and energy complex
19 Shadowing of the fuel and energy complex D % of Gross value added of the fuel and energy complex
20 Labor remuneration in the fuel and energy complex S % of fuel and energy complex production
21 Concentration of energy markets according to the Herfindahl-Hirschman index D Index (by suppliers)
1V. Energy efficiency
22 Energy intensity of gross domestic product D toe/1000 US dollars
23 Energy share in gross domestic product D % of Gross value added of the fuel and energy complex in
GDP
24 Shadow consumption of primary energy resources D % of GDP
25 Share of consumption for energy needs D %, total supply
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Appendix 1 (continued)
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No. Indicator (/) Type  Dimension
26 Losses in heat supply networks D %, transmission volume
27 Losses in power grids D %, transmission volume
V. Environmental acceptability
28 Level of CO; emissions per TPES D t COy/toe
29 Level of CO; emissions per unit of GDP D kg/US dollars
30 Final carbon intensity of energy D g CO2/MJ
31 Share of CO, emissions from electricity and heat generation plants D %, total emissions
32 Share of renewable energy in final consumption S %, final consumption
VI. Sustainability of functioning
33 Share of the largest supplier in imports (by type of primary energy resources) D %
34 Level of technological dependence of imports/exports from a single source (by types of energy D % (expert assessment)
technology)
35 Volume of stocks/reserves by types of primary energy resources S monthly consumption
36 System Average Interruption Duration Index (SAIDI) D minutes/year
37 Efficiency and effectiveness of response to crisis situations S % (expert assessment)
VIL. Protection of national interests
Institutional and organizational support:
38 production processes and infrastructure S % (expert assessment)
39 management processes and infrastructure S % (expert assessment)
40 support and service processes and infrastructure S % (expert assessment)
41 processes and infrastructure for maintaining facilities at all stages of the life cycle S % (expert assessment)
42 Information and communication processes and infrastructure S % (expert assessment)
Quality of policy implementation:
43 Level of involvement in EU energy markets S % (expert assessment)
44 Level of shadow capital utilization in the fuel and energy complex (extractive industry, D % of official
electricity, gas and water production)
45 Quality of government policy S % (expert assessment)
46 Quality of human resources (technical and managerial) S % (expert assessment)
47 Relevance of political leaders to the challenges faced by the system S % (expert assessment)

Source: developed by the authors based on [55,48] and available official data from the State Statistics Service of Ukraine, model and expert estimates.

Data availability

No data was used for the research described in the article.
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