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Abstract. The current stage of Russia's development is characterized by dynamic changes in the operating conditions
of gas industry enterprises, which leads, among other things, to significant adjustments in approaches to the develop-
ment of energy production facilities. The article examines on the system level the ways to improve energy supply,
taking into account the goals and objectives of the development of production facilities from the conditions of solving
a single technological problem of the gas industry — high-quality gas supply to consumers. The optimal functioning of
energy supply systems, taking into account the peculiarities of technological processes at production facilities, presup-
poses the development models coordination of production facilities energy complexes with the gas industry enterprises
parameters based on an integrated unified information space at all stages of their life cycle. The structure of production
facility energy complex and the connections of its elements with related systems are justified taking into account the
purposes of their creation and the requirements for production facilities. Problem solving for each system element as
well as the exchange of information between equivalent systems is done on the basis of a developed hierarchy of
optimization problems adjusted depending on the type of tasks of energy supply improvement of a production facility.
Determining the values of parameters and indicators of energy complexes, as well as optimizing the lists and content
of work to improve the energy supply of production facilities, is planned to be carried out in accordance with the
methodology under consideration using a set of mathematical models.
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Introduction. Energy supply systems are an integral and important infrastructure component
that ensures the functioning of gas industry production facilities for various purposes, located
throughout the Russian Federation, including remote areas of the Arctic zone.

The gas industry has accumulated a wealth of experience in improving the energy supply
of production facilities based on the developed general conceptual approach to their development?.
The following components are carried out on a permanent basis: analysis of the functioning and
implementation of energy-saving measures in energy supply systems; search for innovative solutions,
participation in testing and installation of prototype samples of modern power equipment for
trial operation at production facilities; research and development work in terms of updating and
developing industry standards and standard solutions to improve the efficiency of facilities energy
supply.

The transformation of the global economy and energy, the introduction of various types of sanc-
tions, significant changes in the nature of the supply of products, diversification of production lead to
dynamic changes in the operating conditions of gas industry enterprises in our country, changes in the
nature of development, reconstruction and technical re-equipment (R&TR) of production facilities [1],
make a number of issues relevant, including:

L Annual report of PISC Gazprom for 2022. URL.: https://www.gazprom.ru/f/posts/56/691615/gazprom-annual-report-2022-
ru.pdf (accessed 31.01.2024).
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* assessment, using the apparatus of a risk-based approach (RBA), of the impact on the target
indicators of enterprises in the production, transportation, underground storage and processing of
natural gas and liquid hydrocarbons in the gas industry of the pace and quality of maintenance and
repair (M&R), as well as R&TR of energy supply facilities;

« use of this assessment data to develop measures to minimize the consequences of the applica-
tion of RBA to management in the gas industry;

« development of measures to minimize resource costs at various stages of improving the energy
supply of production facilities group and the gas industry as a whole.

The greatest efficiency in solving the problems of developing production facilities energy supply is
achieved by creating energy complexes that are optimally functioning, taking into account the peculiari-
ties of technological processes at production facilities, integrated into a single infrastructure and infor-
mation space of gas industry enterprises. At the same time, the production facility energy complex (PFEC)
is understood as a set of technical and software means of general facility energy supply systems and in-
dustrial air conditioning systems of structures with installations of electricity external networks, heat-,
water supply and sanitation systems, which, through the implementation of an integrated technical solu-
tion and optimal control algorithms, including the use of elements of artificial intelligence in management,
allows you to obtain the maximum value of the TCI of the PFEC under conditions of applying RBA to
management in the gas industry (an integrated indicator of the technical condition (“Technical Condition
Index”) combines the values of other technical indicators into a value that is used for comparison and
evaluation). To determine the indicator of the technical condition of electric power facilities, the physical
wear rate is used, manifested in the forms of mechanical wear, corrosion and fatigue of metals, defor-
mation and destruction, changes in the physical and chemical properties of the substance?.

The optimal solution to the problems of improving the production facilities energy supply is
associated with the joint consideration of a significant number of issues with significant uncertainty
in the initial information and the inability, in some cases, of using formalized methods for deter-
mining individual indicators of energy complexes. In problems of this class, the methodology of
system analysis [1-3] using RBA is usually used. As part of the transition to RBA in development
management in the gas industry, the Risk Management Policy and the PAO Gazprom Internal Con-
trol Policy were developed and approved by the Board of Directors on December 25, 2018. This
policy serves as the basis for the formation of the methodology for managing the development of
the gas industry energy sector.

To obtain the maximum technical and economic effect in the process of improving energy supply
to production facilities in the gas industry, it seems necessary to solve a number of scientific and
practical problems in order to develop a methodology for managing energy development:

« Justify the concept for the development of energy supply systems for production facilities of
enterprises on the scale of the gas industry, taking into account the provision of target indicators when
applying RBA to industry management.

* Develop, as part of a decision support system development, a comprehensive (adaptive) model
for determining and forecasting the energy complexes technical indicators for various organizational
and financial scenarios for carrying out work to improve the production facilities energy supply.

* Develop standard lists of measures to improve energy supply, allowing obtaining a synergistic
effect from optimizing technical solutions and operating modes of energy supply systems of jointly
operating production facilities.

* Develop methods that allow you to effectively solve the problems of improving energy supply
on the scale of a production facility, enterprise and industry as a whole in the context of applying
RBA to management in the gas industry.

2 Resolution of the Government of the Russian Federation dated May 30, 2023 N 878 “On introducing changes to the methodology
for comprehensive determination of technical and economic condition indicators of electric power facilities, including indicators of physical
wear and tear and energy efficiency of electric grid facilities”. URL: http://publication.pravo.gov.ru/document/0001202306020055
(accessed 31.01.2024).
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Overview of the problem. Currently, in world practice, the use of various methods of analysis and
the theory of a systems approach for making economic and technical decisions in the oil and gas sector
has significantly intensified. In particular, works numbered [4-6] highlight issues related to risk manage-
ment in energy markets. Articles [7, 8] discuss the advantages and disadvantages of various approaches
to risk modeling and management for practical use, as well as tools and strategies for manufacturers,
wholesale consumers, investors and specialized participants in risk management in commaodity markets.

The ways and political consequences for ensuring sustainable energy development are outlined in
some works [9, 10], and in the given investigation [11] a comprehensive methodology of a systematic
approach to energy saving processes at an industrial enterprise is considered. The results of the discus-
sion of particular problems of energy saving are presented in works [12-14], and the effectiveness of
the implementation of measures to improve energy efficiency is touched upon in works [15, 16].

In scientific work number [17], a fuzzy multi-criteria decision-making structure for assessing the
risks of an integrated energy system is considered, sixteen risk factors from economics, technology,
politics, society and management are identified, the proposed method is compared with other risk
assessment methods, and its advantages are shown. Features of the application of risk management
at the stage of digital transformation of industrial enterprises are analyzed in the research work num-
ber [18]. The main aspects of decision-making for assessing the risks of energy companies are given
in works number [19-21].

An assessment of the consequences of the energy transition for the activities and business models
of the oil and gas industry is considered in article number [22], risks during gas production and trans-
portation are given in the following investigations [23-25]. Article [24] substantiates the relevance of
risk management in oil and gas companies in modern conditions. Based on the systematization of
types of risks, the main risks in the oil and gas business are identified: political, socio-economic,
environmental, scientific, and technical ones.

Research works [26-28] contain information on the experience of applying a systematic approach
to optimizing the production infrastructure of enterprises. Work [28] outlines the case for proactively
managing energy procurement costs and discusses five key levers that support energy optimization and
risk management.

The results of modern research on the use of artificial intelligence in the oil and gas industry and
its contribution to the development of recommendations for increasing the sustainability of oil and gas
projects are presented in the work of [29]. The paper provides information about the most promising
applications and methodologies of artificial intelligence that can help solve problems for the sustainable
development of the oil and gas industry.

In article [30], the relevance of conducting research in the field of energy efficiency of mineral
resource complex facilities due to their specific nature and high-energy intensity is shown, including
the use of the function of determining the effectiveness of energy-saving measures based on certain
energy efficiency indicators.

The results of research on the development of predictive models based on retrospective data
on planned electricity consumption in a region with a significant share of enterprises in the mineral
resource complex are presented in the investigation of [31]. Models were obtained based on ensem-
ble machine learning methods (random forest algorithms, gradient boosting XGBoost and CatBoost),
as well as a recurrent neural network of long short-term memory (LSTM), which make it possible to
create short-term forecasts of power consumption (for a period from one day to a week) with suffi-
ciently high accuracy.

Avrticle [32] is devoted to the development of a SCADA component for the compressor shop of
amain gas pipeline. The developed component allows monitoring the characteristics of the gas pumping
process selected by the operator. The development is based on the Windows operating system and
the integrated environment TRACE MODE (SCADA/HMI).

Work [33] presents the theoretical basis for identifying the features of the use of neural networks
at electric power enterprises in the context of digital transformation, as well as an analysis of methods
for formalizing artificial intelligence systems for their use as part of automated systems.
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In [34], the results of an analysis of the functioning features of autonomous electrotechnical
complexes (ETC) are presented, based on the results of which a mathematical model of the ETC of a
drilling rig with combined backup power sources was developed.

The main directions of energy development and modernization of power supply systems for
technological facilities of the fuel and energy complex are considered in works [35-37]. Issues of
improving the operation of the energy sector and ways to improve the quality of energy supply to
production facilities in the gas industry are presented in works [38, 39].

It is necessary to develop a methodology for managing the development of the energy sector of
production facilities to increase the efficiency of improving the energy sector of the gas industry in
the conditions of applying RBA to industry management.

Methodology for managing the production facilities energy development in the gas industry.

Optimization of the improving energy supply process is carried out on the basis of an analysis of
the goals and objectives of the development of a set of production facilities (enterprises) in the gas
industry, solving a single technological problem — high-quality gas supply to consumers — in the
following sequence:

* The identification of industrial facilities which the development of energy supply is planned
for is carried out on the basis of an analysis of the composition and functional purpose of production
facilities (gas field facilities, main gas pipeline facilities, underground gas storage facilities, gas pro-
cessing plant, gas industry facilities within a business process, etc.), affecting the solution of a single
technological problem.

* Boundaries delimitation of the developed (reconstructed) PFEC is carried out on the basis of
ensuring the requirements for energy supply from process equipment in all modes of operation of a
group of production facilities while ensuring the required level of quality of external communications.
Energy supply requirements mean the quantity and quality of energy resources, the level of reliability,
safety and economic efficiency of operation, ease of use of PFEC equipment. External connections
of PFEC are understood as connections with external systems of power supply, heat supply, water
supply and sanitation, with existing and designed components of the facility automation system. The
quality of external relations is determined by the composition of the technical and software tools
responsible for the functioning of these tools. Depending on the developed requirements and features
of the technological problems being solved and the composition of the objects, the set of functions
implemented by the PFEC and their boundaries may change.

* The assessment of prospects for the development of PFEC is determined based on the results
of a feasibility study, during which the condition and technical level of existing energy supply sys-
tems, the effects of the development (reconstruction) of energy complexes for a specific group of
production facilities, the costs of their creation, etc. are assessed.

 Formulation of optimization problems for PFEC parameters and development of corresponding
optimality criteria. Optimization is carried out according to a complex technical and economic indi-
cator in order to minimize the costs of achieving a given value of the index of the technical condition
of energy supply systems during the development of energy supply. The optimization process should
involve taking into account the inverse influence of the technical level during the creation and operation
of PFEC on the performance of a group of production facilities in the conditions of application of
risk-based management principles in the gas industry by determining the individual components of
the resulting effect at the pace of technological processes and (or) decision-making processes in order
to prepare information for making a comprehensively informed decision on managing the improve-
ment of energy supply.

Determination of the structure of the production facility energy complex and the connection
of its elements with adjacent systems based on the formulated goals of creation and requirements
for PFEC.

As components of the structure of energy complexes of production facilities, general facility
power supply systems (PSS), heat supply (HSS), water supply (WSS), water disposal (WDS), venti-
lation and air conditioning systems of industrial and household buildings (VAC), including automated
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sources, network structure, installations for ensuring the quality of energy resources, purification of
source water and wastewater, as well as means of interface with automated systems of a production
facility and gas industry enterprise.

It is advisable to divide the PFEC into structural components taking into account the groups of
functions they perform for a specific purpose. The composition of structural components and their
technical implementation, depending on the requirements for PFEC, the technical level of the existing
control system, etc., may vary. An example of the structure and connections of the energy complex
of a production facility with the full composition of energy supply systems is shown in Fig.1.

Reducing the dimension of the optimization problem associated with the development of energy
supply to a group of production facilities.

Taking into account the variety of technical solutions of existing and energy supply facilities under
formation, as well as the fact that changes in individual technical parameters have different effects on
the efficiency indicators of energy complexes, the task of optimizing the process of managing their
development becomes multidimensional and multicriteria. Reducing the dimension of the optimization
problem is possible by replacing the set of real elements of energy complexes and their connections
with equivalent systems, models of aggregated PFEC, which retain only those properties of the real
system that need to be determined when solving problems of its functioning and optimization.

The number of levels of the equivalent systems hierarchy and their number at each level of the
hierarchy for different scenarios for improving groups of production facilities energy supply depends
on the complexity of the real group of energy complexes under study, as well as on the scenario
conditions for financing the process of improving energy supply.

Units (as opposed to the structural components of individual subsystems) can be
implemented both within a separate PFEC, and within a group of energy complexes of jointly
functioning production facilities of a gas industry enterprise or on the scale of the gas industry
as a whole. The latter depends on the requirements for the goals, structure and operation,
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Fig.1. Structure of the production facility energy complex
with a complete set of energy supply systems

1 — electrical energy (EE); 2 — thermal energy (TE);
3 — source water (W); 4 — sewer drains (WD); 5 — information flows;
ES ACS — energy supply automated control system;
ACS TP CPP — ACS for technological processes of a captive power plant
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reliability, safety, maintenance and repair of components of the PFEC, etc. The aggregation
of the PFEC is carried out due to the order of measures implementation for the energy supply
development.

Determination of the composition of tasks for equivalent systems.

The hierarchy of optimization problems is built on the basis of a hierarchy of equivalent systems.
It is created with the aim of streamlining optimization problems at each stage of improving the pro-
duction facilities energy supply. At the same time, optimization problems for each stage differ in
depth and detail of development. From the point of view of the hierarchy of tasks to be solved, the
process of using PFEC is divided into stages: research, creation, operation (due to possible combina-
tions of operating modes of a group of production facilities and external power supply systems).

The optimal distribution of functions between structural components and the possibility of their
redistribution depending on the stage of reconstruction (creation) and the operating mode of the PFEC
within the framework of improving energy supply makes it possible to create redundant groups of
energy complexes.

This is necessary in cases of improving energy supply in several stages, significant changes in energy
supply requirements, changes in the composition of operating sources, networks of a production facility,
and external energy supply systems, and among others can be implemented by means of intelligent auto-
mation systems.

Determination of the composition of indicators and methods of exchange of energy resources and
information between equivalent systems.

The structural components of the PFEC exchange with each other and external systems (power sup-
ply, higher-level automation, etc.), energy resources and information, which under certain condition can
be divided into initial, intermediate, sought and reverse; into external and internal [3].

At the stages of the PFEC life cycle, three groups of optimization problems are solved:

« the task of optimizing the requirements for power supply of the PF, depending on the current TCI
and achievable by means of reconstructing the TCI with the allocated amount of funding. The solution to
the problem is provided by information on level 1 feedback (FB-1) for each level of the hierarchy of
optimization problems of PFEC from hierarchy level 1 (gas industry FB-1.1) to hierarchy level 5 (pro-
duction facility FB-1.5);

« the task of optimizing the list and scope of work for measures to develop the energy supply of PFEC
in the conditions of given restrictions on financing the program to achieve the required level of TCI
(general and/or for individual components) at the stage of creating the PFEC. The solution to the problem
is provided by information on level 2 feedback (FB-2.1 — FB-2.5);

« the task of optimizing the list and scope of work for measures to develop the energy supply of PFEC
under the given restrictions on financing the program to achieve the required level of TCI (general and (or)
individual components) at the stage of operation of the PFEC. The solution to the problem is provided
by information on level 3 feedback (FB-3.1 — FB-3.5).

In conditions of significant uncertainty in the initial information and the lack of strict formalization in
determining a number of indicators, optimization problems in the process of managing the development of
energy supply to production facilities in the gas industry are solved using combined methods — methods of
narrowing Pareto-optimal outcomes and expert methods. The hierarchy of optimization problems at the
stages of development of energy complexes of production facilities in the gas industry is shown in Fig.2.

Analysis of balances of production and consumption of energy resources and information that
individual units must exchange between each other and external systems at various stages of the life
cycle of PFEC will allow in the future to more reasonably solve the optimization problem of deter-
mining priorities in the implementation of measures to improve energy supply and the distribution of
functions between units and individual structural components of energy complexes.

The search for the optimal list and scope of work for development activities of PFEC is associated
with determining the current value of TCI PFEC for various levels of the hierarchy with combinations
of the composition and content of activities that can be implemented using the allocated funds for the
program to achieve the required level of TCI energy supply.
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Fig.2. Hierarchy of optimization problems at the stages of development of PFEC of the gas industry

Extreme values of individual indicators of PFEC and energy supply as a whole, in most cases,
are not the sum of extreme values of indicators of individual elements and subsystems [3]. If there
are several irreducible criterion indicators, it is necessary to rank the criteria, highlighting one of them
as the main one, and using the rest as restrictions.
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The composition of mathematical models for determining the values of parameters and indica-
tors of energy complexes, as well as optimizing the lists and content of work on the development of
energy supply to production facilities.

The set of mathematical models must correspond to the list of problems solved as part of the
development of energy supply to the PF. The general model should make it possible to transform the
values of the specified production facilities target indicators (PFT]I) into the required target indicators
of energy supply PF (TIES) and then into the value of the required index of the technical condition
of the energy supply of a group of production facilities (ITCESgr.pr.f), the functioning of which
directly affects achieving the specified PFTIs.

With the help of the model it is possible to assess the value of an integral indicator of energy
supply for a given level of the ITCESgr.pr.f hierarchy and the value of its component indicators: the
availability of energy resources; energy quality; reliability of energy supply; safety of energy supply;
energy efficiency of energy supply; ease of operation (economical operation) of energy complexes.

The basis for the energy supply development process should be the following mathematical models:

+ a model for determining the current TCI power supply of a given group of PF, as a function of
the totality of initial information presented in Fig.2;

« a model for optimizing the list and scope of work to achieve the required level of TCI energy
supply in the conditions of application of RBA to management in the gas industry (stage of creating
an PFEC). This model should make it possible to build families of trends in the integral indicator and
components of the energy supply TCI for the analyzed group of PF for various combinations of lists
and scope of work, as well as capital investments in the program to achieve a given level of TCI PF
for all levels of the hierarchy, taking into account the design and actually received in the creation
process indicators of energy supply facilities;

 a model for optimizing the list and scope of work to achieve the required level of TCI energy
supply in the conditions of application of RBA to management in the gas industry (operation stage of
the created PFEC). In contrast to the models of the creation stage, models of the operation stage of
PFECs evaluate various options for achieving the required level of TCI energy supply, including
taking into account the optimization of the joint functioning of the created PFEC at a certain level of
their operation.

The complex should include adaptive mathematical models that require the minimum required
amount of initial information and allow:

« justify the level of requirements for the distribution of the balance of production and ensuring the
quality of energy resources between sources and installations of PFEC and external energy supply sys-
tems, as well as to the information properties of individual structural components of PFEC;

* determine the necessary communication capabilities of the structural components of PFEC to
ensure distributed generation and ensure the quality of energy resources at the required level,

« predict the implementation of given scenario conditions, loads on individual energy supply
systems, etc. in order to make informed decisions on optimizing the list and scope of work to improve
energy supply.

The results of modeling energy supply development processes are the basis for developing a
structured proposal from a decision support system in order to optimize the process of improving the
energy supply of industrial facilities in the industry.

Discussion. Using the principles of the methodology described above, the Development Concept
and the Comprehensive Target Program for the reconstruction and technical re-equipment of the
energy sector of production facilities in the gas industry were developed.

The methodology was a tool for the logical organization of research and a means of calculating
indicators, which made it possible, based on solving a multi-criteria optimization problem, to formu-
late a general vision of the vector of energy supply development in the context of dynamic changes
in business conditions and restrictions on financing development programs, as well as to formulate
an optimal list and sequence of implementation of reconstruction measures energy of production
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facilities in order to achieve the maximum value of the index of technical condition of energy facilities
on an industry scale.

Previously, the main tool for developing comprehensive programs was only methods for deter-
mining indicators of the economic efficiency of reconstruction measures, which did not take into
account important technical aspects of the functioning of energy complexes.

To date, the problems of developing mathematical models for finding correspondence between
target production indicators of various levels and the minimum required technical level of energy
supply for groups of production facilities of industry enterprises have not been solved, which is the
subject of further scientific research.

Conclusion. Dynamic changes in business conditions and the use of RBA in the gas industry
have led to the need to develop a methodological approach to improve the efficiency of managing the
energy development of production facilities, based on a comprehensive analysis of the parameters of
jointly functioning technological installations and energy complexes of production facilities in order
to solve business problems.

The methodology developed by the author for managing the development of the energy sector
of production facilities is based on the provisions of system analysis and allows optimizing, at the
pace of changing operating conditions, the process of improving energy supply by solving a multi-
criteria optimization problem when determining the technical condition index of PFEC under condi-
tions of restrictions.

The use of the provisions of the developed methodology made it possible to substantiate at the
system level the optimal list and priority of implementation of measures to improve the energy sector
of production enterprises in the gas industry as part of the development of a program for the recon-
struction and technical re-equipment of the industry’s energy supply.

Further scientific research is associated with the development, based on the provisions of the
proposed methodology, of a decision support system, which allows, by structuring heterogeneous
information about the current state and possible options for improving the energy sector of the gas
industry, to optimize the process of solving business problems of production facilities within the
framework of the implementation of various scenario conditions for the development of the industry.
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