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This article analyzes the impact of frequency converters (FC) on the energy efficiency of equipment in
the oil and gas sector. It discusses the main aspects, including reducing electricity consumption,
improving operational reliability, and extending the service life of equipment. Environmental
considerations and the importance of integrating modern technologies in the context of sustainable
development are discussed, alongside the economic benefits of such implementations. Examples from
companies are provided to illustrate the significance of FC as a tool for enhancing competitiveness and
reducing costs in the oil and gas industry.
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AHAJIU3 BJIMSHUS IPUMEHEHHUSI YaCTOTHBIX Npeodpa3zoBareliei
Ha 3Heprod¢g¢eKTUBHOCTH 000PY/10BAHUS

M. CrenaHnos
Yysawckuil cocyoapcmeenuslil yrusepcumem umenu U.H. Yivanosa, Yeboxcapwl, Poccus

B cmamve ananusupyemcs 6nusnue npuMeHeHus Hacmomuwvlx npeoopasosamenei (4Il) na
9HepeoappexmusHocms 060pyoosanus 6 Hepmezazosoli cghepe. Paccmompensvt ocHogHble acnekmul,
BKIIOUAS CHUDICEHUEe NOMPeONIeHUs DIeKMPOIHeP2Ul, YIVUUeHUe HA0eHCHOCMU padomyl U npooieHue
cpoka cayacovr 06opyoosanus. ObCyscoaiomes Kono2udecKue achekmol U 8adCHOCHb GHeOpeHUs
COBPEMEHHBIX MEXHONI02ULL 8 KOHMEKCMe YCMOUYUB020 PA36UMUs OMPACIU, a MAK’Ce IKOHOMUYECKUEe
npeumywecmaa makoeo ucnonb306anus. Ilpuseoenvt npumepvl KOMRAHUL, NOOMEEPHCOAIOUUX CBOUM
onvimom 3navumocms YI1 kax uncmpymenma OJis NOGbIUEH U KOHKYPEHMOCHOCOOHOCIU U CHUMCEHUS
3ampam 6 Heghme2azoeom cexmope.

Kurouesvie cnosa: uacmommusie npeodpazosamenu (YII), suepeosgghexmusnocmo, Hepmezazosas
cpepa, obopyoosanue, onmumMuzayUs, MexXHOI02UU, YCIMOULUBOE pA3sumue.

Introduction

Energy efficiency is an important aspect of manufacturing and industrial processes,
especially in energy-intensive sectors such as oil and gas. In the context of climate change and
increasing demands for sustainable development, optimizing energy consumption is of
paramount importance. One effective tool for achieving this goal is frequency converters (FC),
which can significantly enhance the operational efficiency of equipment and reduce operating
costs.

In the oil and gas sector, where equipment operates under extreme conditions and
requires high reliability, the application of FC can have a substantial impact on overall energy
efficiency and resource savings. The aim of this article is to analyze the influence of FC on the
energy efficiency of equipment in the oil and gas sector.
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Main part. Frequency converters

In the face of rapidly growing demands for sustainable development and energy
efficiency, modern industrial technologies must continuously evolve to meet these
requirements. One of the main tools for achieving significant improvements in energy
management is FC. These devices provide precise control over the speed and frequency of
electric motors, directly affecting the efficiency and economy of production processes.
According to a study conducted by the International Energy Agency, the implementation of FC
can lead to a reduction in electricity consumption by 20-50% in systems utilizing pumps and

fans (fig.) [1].
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Figure. Reduction in electricity consumption with FC

In the oil and gas industry, the application of these technologies allows for significant
reductions in operating costs and improved process management. The operating principle of a
FC is based on a complex process that involves the conversion of alternating current (AC) to
direct current (DC) and then back to alternating current (AC) with a changed frequency. The
first stage involves the rectification of the AC input voltage, which is converted into a DC
voltage using a rectifier. This DC voltage is then smoothed to remove any ripples or
fluctuations. The second stage involves the conversion of the DC voltage into a high-frequency
AC voltage using an inverter. This high-frequency AC voltage is then transformed into a
voltage with the desired frequency and amplitude using a transformer. The final stage involves
the conversion of the high-frequency AC voltage back into a low-frequency AC voltage with
the desired frequency and amplitude. This is achieved using a converter, which ensures the
stability and sinusoidality of the output voltage [2]. This algorithm allows for precise control
of the motor's rotational speed, which is particularly important for processes that require
flexibility and accuracy. Such a mechanism contributes to the optimization of its operation and
reduction of energy consumption.

One of the main features of FC is their ability to adjust the frequency and voltage at the
output, which allows you to flexibly change the speed of the motor depending on current
technological needs. They also offer high integration capabilities with other control systems,
making them effective in complex automated processes. Another important distinguishing
feature is their influence on energy consumption. Through more efficient speed and load
management, FC can significantly reduce electricity consumption, leading to substantial
savings and decreased operating costs. There are several main types of FC, each with its own
advantages and preferred areas of application (tabl. 1) [3].
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Table 1
Main types of FC
Type FC Advantages Preferred application areas
FC with pulse | High efficiency, smooth control, | Ventilation systems, pumping units,
width modulation | low harmonics. Conveyors.

FC with vector
control

Precise torque and speed control,
high dynamics

Drives with high dynamic requirements,
machine tools

FC with direct
control

Fast response, high control
accuracy, excellent performance

Applications requiring instant reaction and
precision, such as electric trains, lifting
mechanisms

FC with | Multi-channel setup, flexibility in | Complex automated processes, industrial
multiparametric management, integration with | automation.

control other systems.

FC with integrated | Reduced electromagnetic | Applications in interference-sensitive

network filter

interference, improved harmonic
response

areas such as medical

information systems

equipment,

State of FC with
intelligent control

Automatic parameter setting, self-
diagnosis, remote monitoring

Applications requiring a high degree of
automation and remote control, such as

smart buildings, energy management
systems

In the face of increasing demands for sustainable development and reduction of the
carbon footprint, effective energy management is becoming not only desirable, but also a
necessary practice. Due to their ability to precisely control and regulate equipment operations,
FC provide essential tools for achieving these goals. Thus, understanding the basics of their
operation and application in various industries is an important step towards more efficient and
sustainable use of energy resources.

Energy efficiency in the oil and gas industry

The ability of equipment and processes to minimize energy consumption at maximum
performance is called energy efficiency. This is a critical aspect as oil and gas companies face
high electricity costs, which directly affect their competitiveness and profitability.

The main factors affecting the energy efficiency of equipment in the oil and gas sector
include several aspects. The type and condition of the equipment itself are crucial. Old and
inefficient equipment often consumes more energy and reduces overall productivity, making
investments in modernization extremely important. Management processes play a significant
role in optimizing energy expenditures. Intelligent control systems that can adapt to changing
operating conditions ensure more rational resource use. Operating conditions significantly
affect energy efficiency [4]. External factors such as temperature and humidity can impact
equipment performance, so considering these conditions in the design and operation of systems
is essential for minimizing energy losses.

The use of modern technologies, such as FC and energy recovery systems, can
significantly enhance operational efficiency. Implementing such solutions not only reduces
costs but also contributes to more sustainable development for the company, minimizing its
negative environmental impact.

Application of FC in the oil and gas sector

The use of FC in the oil and gas sector has become a crucial step in enhancing equipment
energy efficiency and optimizing production processes. They allow for the regulation of speed
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and torque of electric motors, which is particularly relevant for equipment operating under
varying loads.

In pump stations, for example, FC provide precise control over fluid delivery. This
not only minimizes electricity consumption but also reduces hydraulic losses. When conditions
change, such as pressure fluctuations or liquid demand, converters automatically adjust the
pump speeds, preventing unnecessary energy expenditures. In compressor installations, the use
of FC also brings significant advantages. Regulating the speed of compressors allows for real-
time maintenance of required pressure and performance, eliminating unnecessary
equipment operation and, consequently, excess electricity costs. This is especially important
under variable load conditions, where performance requirements may shift throughout the
working day.

Mechanical equipment, such as motors and gearboxes, also benefits from the
implementation of FC [5]. Smooth starting and stopping of motors not only reduce
mechanical loads but also minimize starting currents, leading to less wear on equipment
and an extended lifespan. Integrating these devices into automated control systems enhances
management processes and allows for more accurate monitoring and diagnostics of equipment
performance. This enables predictive maintenance, where potential failures can be detected
before they lead to significant breakdowns. Thus, companies can minimize downtime and
increase overall productivity.

The energy savings achieved through the use of FC also lead to reduced carbon
emissions, which is critical in light of tightening environmental standards. Decreasing energy
consumption results in lower carbon emissions, improving the ecological situation and helping
companies meet modern environmental protection requirements.

The implementation of FC in the oil and gas sector brings numerous benefits. These
devices provide flexibility in managing technological processes, allowing for optimized
electricity consumption and extended component lifespans. Table 2 summarizes the main
advantages of using FC in this industry [6, 7].

Table 2
Main advantages of using FC

replacement of parts.

Advantage Economic consequences Environmental impacts
Energy efficiency | Reduction of electricity consumption | Reducing energy consumption leads to
due to adaptive adjustment of the | a reduction in emissions of CO, and
operating speed of the equipment. other pollutants.
Reduced Reduction of equipment wear, which | The durability of the equipment helps
operating costs reduces the cost of repair and | to reduce the need to manufacture new

devices, which reduces the

environmental footprint.

Reduction of

inrush currents

Smooth start-up reduces the load on
the power grid and prevents power
surges, which reduces the risk of
breakdowns and accidents.

Fewer power surges contribute to more
stable operation of the power grid,
which may indirectly affect the
reduction of the environmental impact
of power plants.

efficient distribution of energy.

Optimizing  the | Effective management of processes | Use of resources helps to reduce the
operation of | and resources leads to overall cost | company's overall carbon footprint.
systems savings and increased productivity.

Load It allows you to better manage changes | Efficient energy distribution reduces
management in loads, which contributes to a more | the need for additional energy sources,

often more polluting.
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The use of FC in the oil and gas sector brings significant benefits in both economic and
environmental aspects. The implementation of these devices contributes to a more sustainable
development of the industry, combining savings with environmental advantages.

As an example of the positive impact of using FC on enhancing equipment energy
efficiency, we can consider the experience of Halliburton. The use of FC allowed for a
reduction in electricity consumption and a decrease in carbon emissions [8]. The use of a FC
helped achieve these results by monitoring equipment performance in real-time, allowing for
the detection of potential problems before they occur. The FC prevents energy losses and
reduces the likelihood of equipment failure. Scheduling maintenance activities during periods
of low energy consumption also helps reduce energy consumption and emissions. Halliburton's
experience demonstrates the potential of the Frequency Converter to improve energy efficiency
and reduce environmental impact.

Another company, ConocoPhillips, utilizes FC to manage the speed of pumps and fans
in its production processes. The introduction of these technologies has led to a decrease in
electricity consumption, as well as a decrease in equipment wear [9]. Overall, the adoption of
FC in company processes significantly reduces operating costs and supports their
environmental initiatives.

Conclusion

The analysis of the impact of applying FC on the energy efficiency of equipment in the
oil and gas sector demonstrates significant potential for optimizing production processes. The
use of these devices not only reduces electricity consumption but also improves the reliability
and operational characteristics of equipment. Smooth control of the speed of pumps,
compressors, and other mechanical systems allows for effective adaptation to changing
conditions, minimizing losses and wear.

In the context of growing demands for sustainable development and environmental
responsibility, the implementation of FC becomes not just a strategic step but a necessity for
companies seeking to enhance their competitiveness. Thus, the use of FC in the oil and gas
sector represents an important tool for achieving higher energy efficiency, reducing costs, and
decreasing carbon footprints.
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