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Abstract. The article presents the results of a study of the potential of gas piston installations for improving the energy
efficiency of enterprises. The study applied theoretical and analytical methods to classify energy efficiency measures,
evaluate the influence of various factors on the selection of equipment, and analyze the economic effect of using gas
piston installations. An analysis of scientific publications and existing experience confirming the feasibility of using
these units in industrial enterprises was conducted. A classification of technical measures dedicated to the optimiza-
tion of electric grids is considered. Proposals for improving the systems of settlement and technical metering of elec-
tric power are developed based on an audit of energy consumption and equipment selection. Based on the conducted
analysis, a list of tasks for optimizing the modes of electric power systems and power supply systems of industrial fa-
cilities was compiled. The choice of including a gas piston power plant in the composition of the enterprise's power
supply equipment, allowing for the distribution of energy in both autonomous and parallel modes, is substantiated.
The main provisions for calculating the economic effect of the implementation of gas piston installations are present-
ed, demonstrating a significant reduction in electricity costs and an increase in enterprise productivity. This article
presents data on the heating system's performance after the reconstruction and technical upgrade of a plant using con-
tainer-type gas piston installations. The selected gas piston installation provides continuous operation with automatic
start and stop, supplying power in parallel with the external grid without distributing power to the external grid. The
methods and recommendations proposed in this article can be used by industrial management to make informed man-
agement decisions aimed at improving energy efficiency and reducing energy costs. The results will be useful to pro-
cess engineers, production management specialists, and company executives interested in reducing operating costs and
enhancing business sustainability.
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pa3nuyHbIX (aKTOPOB Ha BBHIOOP 00OPYIOBAHUS, NMPOBECTH aHAIM3 dKOHOMHUYECKOro d(pdekra OT MPUMEHEHHs ra-
30MOpPIIHEBBIX YCTaHOBOK. [IpoBeneH aHaaM3 Hay4YHBIX MyOMMKAIMH M CYIECTBYIOIIETO OMbBITA, MOATBEPIKIAAIOIIETO
LeJeco00pa3sHOCTh UCTIOIB30BAHMUS ATUX YCTAHOBOK Ha MPOMBIIUICHHBIX HPEINpHATHAX. PaccMoTpeHa kiaccuduka-
Ul TEXHUYECKUX MEPONPUSATHH, IMOCBANICHHBIX ONTHUMHU3AINH JIIEKTpoceTeld. Pa3paboTaHbl mpeioskeHus Mo Co-
BEPIICHCTBOBAHHMIO CHCTEM PACYETHOTO U TEXHUYECKOTO ydeTa 3JIeKTPOIHEPrHH Ha OCHOBE ayauTa SHEepromnoTpeodie-
HUsL ¥ 10100pa 06opyaoBanus. Ha 0CHOBe MPOBENCHHOTO aHAIN3a COCTABIICH IIEPEYEHb 3a/ad ONTHMHU3AIUK PEIKH-
MOB 3JIEKTPO’HEPTETUIECKUX CHUCTEM M CHCTEM JJIEKTPOCHAOKEHHUS MPOMBIIUICHHBIX 00beKTOB. OOOCHOBaH BHIOOD
BKJIOUEHHMS TA30TOPIIHEBOH AJIEKTPOCTAHIMU B COCTAB 3JICKTPOIUTAIONIEr0 000PYI0BaHUS MPEATIPULTHS, MO3BOJIS-
IOILeH PacrpeAeNsiTh YHEPrHI0 KaKk B aBTOHOMHOM, TaK M B MapajlIeIbHOM pekiMax. [IpuBeIeHbl OCHOBHBIE TTOJIOXKe-
HHSI pacyera SKOHOMHYECKOTo 3(deKkTa OT BHEIPEHUS ra30MOpIIHEBBIX YCTaHOBOK, MOKA3bIBAIONIETO 3HAYUTEIBHOE
CHIDKEHHE 3aTpaTr Ha SJISKTPOIHEPTHIO U MOBBIILICHUE TIPOU3BOANTEIBHOCTH HpeanpusiTus. [IpencTaBneHsl cBeeHNs
0 TIOKA3aTeNsIX CUCTEMbI OTOIUICHUS MOC/IE PEKOHCTPYKIUK M TEXHHYECKOTO MEePEeBOOPYIKEHUS HPEIIPHUITHS C HUC-
MOJIb30BaHUEM Ta30TOPIIHEBBIX YCTAHOBOK KOHTEHHEPHOTO THIA. BBIOpAHHBIA THIT Ta30MOPIIHEBOH YCTAHOBKU
OTIpeIeNsieT HeMPEPBIBHBIA PEXKUM pabOThI ¢ aBTOMATHYECKUAM 3aIlyCKOM M OCTAHOBKOM, MOJAOIINI IIEKTPOIIUTAHIE
napasuieNbHO C BHEIIHEH CeThi0 0e3 BhIIa4u MOIIHOCTH BO BHEIIHIOI ceTh. [Ipe/UioxKeHHbIe B CTAThe METOIbI H pe-
KOMEH/IAI[MA MOTYT HCIOJIb30BATHCS PYKOBOACTBOM MPOMBIIIICHHBIX MPEANPHUATHH ISl MPUHATHS 000CHOBAHHBIX
YIPaBICHYCCKUX PEIICHHUH, HANpPABICHHBIX Ha MOBBIINICHHE 3HEProd(pPEKTUBHOCTH M YMEHBIICHHE PacXOJ0B Ha
3Hepropecypchl. BoIBoIbI OyayT MOJIE3HBI HHKEHEPAM-TEXHOJIOTaM, CIICI[HATINCTAM 110 YIIPABICHHUIO TPOU3BOJICTBOM
U PYKOBOIMTEIISIM KOMITaHUI, 3aHHTEPECOBAHHBIM B CHIDKCHHH OMCPAIMOHHBIX 3aTPAT M MOBBIIICHUH YCTOHYMBOCTH
OusHeca.
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Introduction

The modern economy places high demands on the
energy efficiency of industrial facilities, striving to min-
imize energy costs and improve production competi-
tiveness. One effective way to address this challenge is
to implement innovative technological solutions, such
as gas piston installations, which can significantly re-
duce energy consumption and improve the sustainability
of the production process. This article aims to study the
potential and specific features of using gas piston instal-
lations in enterprises to improve their energy efficiency.
The objectives include analyzing methods for optimiz-
ing energy consumption, examining existing approaches
to energy conservation, and identifying key success
factors for implementing gas piston installations.

Classification of methods for improving energy
efficiency of industrial enterprises

Improving energy efficiency is typically achieved
by optimizing the operating modes of the electric pow-
er system. This optimization approach can only be
addressed comprehensively, across all stages and hier-
archical levels of the system. All measures are divided
into three groups [1]:

1) organizational;

2) technical;

3) measures to improve electricity metering and
accounting systems.

Organizational measures are the least expensive
and focus on optimizing the use of operating equip-
ment. Technical measures are aimed at modernizing
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and reconstructing existing networks and are associat-
ed with significant economic investment. Improving
electricity metering and accounting systems indirectly
leads to cost reductions and a reduction in losses.

Regime measures include:

1) optimization of voltage regulation laws in the
feeder centers of open power grids;

2) optimization of the steady-state modes of closed
power grids in terms of reactive power and transfor-
mation ratios;

3) optimization of the voltage level of power sources
in the grid,;

4) switching generators to synchronous compensa-
tor operation in the event of a reactive power deficit;

5) optimization of disconnection points for 110 kV
and higher power grid circuits with multiple nominal
voltages;

6) optimization of disconnection points for 6-35 kV
power grids with dual power supply;

7) optimal connection of transformers at substa-
tions in low-load mode (disconnection of some trans-
formers, economical operating modes of transformers);

8) alignment of the grid load curve;

9) load balancing of the phases of low-voltage
grids. Technical measures include measures for the
reconstruction, modernization, and construction of
power grids.

Most of these involve the installation of additional
equipment and are anticipated during the electrical
grid design phase. A model of the technical measures
is shown in Fig. 1.
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Installing reactive power compensation devices

Replacing underloaded
transformers. Installing booster
transformers in closed loops

Technical measures
1o optimize electrical grids

Replacing wires in the
main sections
of the electrical grid

Replacing transformers without the ability
to adjust live switching
with transformers that can adjust live switching

Fig. 1. Model of technical measures for power grids optimization

Improving systems for calculating and technical
accounting of electricity

The primary and most promising solutions to the
problem of reducing commercial electricity losses in-
clude the development, creation, and widespread use
of automated electricity monitoring and metering sys-
tems, including for residential consumers, tight inte-
gration of these systems with the software and hard-
ware of automated dispatch control systems, equipping
such systems with reliable communication and data
transmission channels, and metrological certification.

Today, the main measures for improving electricity
metering systems include:

1) conducting raids to identify unaccounted elec-
tricity;

2) improving the system for collecting meter readings;

3) ensuring regulatory operating conditions for me-
tering devices;

4) replacing, upgrading, and installing missing me-
tering devices.

Summarizing the information obtained from stud-
ies [2—4], it can be stated that the selection of electrical
equipment for an enterprise or municipal facility for
the purpose of energy conservation is a process that
requires a comprehensive approach.

The following are the main recommendations.

1. Audit and analyze energy consumption. It is
necessary to collect information on the enterprise's
current energy consumption: electricity bills, meter
data, and load charts. Analyze the collected infor-
mation to identify the main energy consumers, identify
peak loads, and then evaluate the efficiency of equip-
ment use. Based on the audit results, it is possible to
formulate a specific goal (e. g. a percentage) for reduc-
ing energy consumption.

2. Select energy-efficient equipment. For an indus-
trial enterprise, the primary focus should be on the
selection of electric motors, frequency converters,
lighting sources and their control systems, transform-
ers, cooling and ventilation systems, compressors, and
pumps. It is recommended to select electric motors
based on their energy efficiency class: IE3 (Premium
Efficiency) or IE4 (Super Premium Efficiency). These
motors consume significantly less energy than motors
of lower classes (IE1, IE2).

Frequency converters are recommended for adjusting
motor speed according to demand, which significantly
reduces energy consumption, especially for pumps, fans,
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and compressors. They are indispensable for equipment
with variable loads. Sizing is also important. It is rec-
ommended to select motors with the optimal power for
specific tasks. An overly powerful motor operating under
a light load will be inefficient. Lighting requirements
during modernization primarily revolve around the in-
stallation of energy-efficient LED luminaires. Outdated
incandescent, fluorescent, and halogen lamps are re-
placed. According to technical specifications, modern
LED luminaires consume 70-80% less energy and have a
significantly longer service life. Additionally, lighting
control systems can be installed, including motion sen-
sors, light sensors, timers, and dimmers, to automatically
adjust lighting based on occupancy and natural light
levels.

When selecting transformers, low losses in the iron
and windings are the determining factor. These devices
are more expensive, but they pay for themselves
through reduced energy losses. Optimizing the trans-
former load during operation is also crucial. It is rec-
ommended to avoid operating transformers with low
loads (less than 40%) by redistributing the load or us-
ing transformers with lower power.

Cooling and ventilation systems for large produc-
tion areas should be selected for energy efficiency.
Equipment with a high energy efficiency ratio (EER)
or seasonal energy efficiency ratio (SEER) is consid-
ered preferable. Additionally, automated control sys-
tems can be used to optimize the operation of cooling
and ventilation systems based on temperature, humidi-
ty, and occupancy. Recommendations also include the
selection of additional equipment, such as compres-
sors, compressed air systems, and pumps.

The main criteria for selecting equipment for ener-
gy efficiency are:

1) technical specifications: determine compliance
with process requirements;

2) energy efficiency: efficiency, power factor, and
standby power consumption can be quantified;

3) reliability and durability: determined by both ac-
tual reliability indicators and indirectly confirmed by
equipment operating experience, the manufacturer's
reputation, warranty period, and service life;

4) equipment cost, start-up and commissioning
costs, ongoing maintenance, and post-warranty sup-
port, as well as payback period;

5) compliance with international and national ener-
gy efficiency standards.
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Optimization of operating modes of electrical
energy distribution systems

The trend toward developing methods for optimiz-
ing the operating modes of electricity distribution sys-
tems based on principles of energy conservation and
energy efficiency is driven by the rapidly increasing
demand for power from consumers. This is largely due
to the increasing complexity of production processes.

Among the first scientists to address the issue of
a modern approach to optimizing electrical energy were
A. P. Golovanov, V. S. Khachatryan, and M. A. Ba-
labekyan [5, 6]. The authors examined the problems of
determining optimal operating modes for energy sys-
tems. When discussing the need to define the key crite-
ria for optimal system operation, it is important to begin
with the issue of minimizing energy costs for power
plants. Additionally, the issue of minimizing and taking
into account maximum permissible emissions of harm-
ful substances into the atmosphere and the overall envi-
ronmental friendliness of electricity generation cannot
be overlooked.

The trend toward rising electricity costs and tariffs
is driven by the division of the unified energy system
into separate components, which has contributed to
a shortage of active power. This process has particular-
ly impacted the energy system since the mid-1990s,
which has also contributed to the development of new
approaches to solving optimization problems.

The choice of an energy system management
method-a rational composition of elements or a control
method-allows for achieving economic efficiency
while simultaneously meeting required conditions.
These issues are simultaneously addressed in practice
by selecting a rational mode [7—10].

The influence of the wholesale electricity market
factor began to be considered in scientific works on
energy efficiency and energy conservation with the
enactment of Federal Law No. 261-FZ of October 23,
2009, “On Energy Conservation and Improving Ener-
gy Efficiency and Amending Certain Legislative Acts
of the Russian Federation” [11].

The analysis of scientific publications also revealed
that some works are devoted to the problem of formu-
lating a rational strategy for energy system develop-
ment. For example, work [12] examines the develop-
ment and justification of the fundamentals of a meth-
odology for analyzing energy systems and determining

‘ Selecting an power grid configuration

|

their development strategy. The use of fuzzy sets in the
methodology allows for the accounting of uncertainties
in some of the initial information.

A. I. Fedotov's work is devoted to optimizing ener-
gy consumption. Work [13] examines a chemical in-
dustry enterprise and proposes measures to improve its
energy efficiency. It is also worth noting that the work
describes the technological features of the enterprise
that directly impact energy efficiency. Work [14] pro-
poses a method for optimal energy consumption for an
industrial enterprise.

The main criteria for optimizing power system op-
eration modes are economic efficiency, operating
costs, active power or energy losses, reliability, and
the cost-effectiveness of power supply to consumers.
Economic efficiency implies establishing the optimal
and most economical operating mode for the system.
In this case, the indicator of reduced costs is chosen as
the optimization criterion for quantitative assessment.
The optimal operating mode of the system must satisfy
reliability conditions and comply with power quality
indicators, while simultaneously minimizing energy
costs at each point in time under consumer load.

Operating costs are comprised of several compo-
nents: the cost of energy, the cost of lost revenue in the
event of a power outage, and the cost of spare parts
and equipment repairs.

The active power loss criterion is used when opti-
mizing the electrical grid operation. In this case, the
power plant operation modes remain unchanged. The
choice of reliability criterion is determined by regula-
tory requirements, feasibility, and consumer demands.

Minimizing and reducing costs helps to improve
the efficiency criterion for power supply to consumers.
The primary measures for reducing costs are minimiz-
ing the specific fuel consumption for energy produc-
tion, reducing energy consumption for the enterprise
and power plant's own needs, and reducing the specific
energy consumption in the form of transmission losses
through networks.

An analysis of works [12—15] devoted to defining
optimal control problems for systems, enterprises, in-
dustrial facilities, and municipal facilities allows us to
propose a systematization of traditional problems re-
lated to optimizing the operating modes of electric
power systems. A classification by degree of im-
portance is shown in Fig. 2.

‘ Distributing loads between power sources

‘ Choosing a method for rationalizing energy resource use l

‘ Determining a power system development strategy (construction or reconstruction) ‘

| Choosing optimal routes for inspecting power facilities |

‘ Choosing the optimal composition of generating equipment I

' ‘ Choosing the optimal route for transporting freight and fuel ‘

Fig. 2. Model of technical measures for power grids optimization
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Use of gas piston installations in the energy sup-
ply of enterprises

Using a decentralized approach to electricity gen-
eration at industrial facilities is a relevant and in-
demand method for optimizing power system opera-
tion and directly impacts its reliability. The integration
of a gas piston power plant into an enterprise's supply
system allows for energy distribution across the power
system in both standalone and parallel modes. In the
first case, the system is independent and does not re-
quire connection to external grids. The second option
is more reliable, as the enterprise's energy is supplied
both from external grids and generated internally.

Compared to other thermal power plants, gas pis-
ton power plants offer high efficiency, low emissions,
and are reliable in operation, capable of operating for
extended periods at partial loads without deterioration
or loss of efficiency. Their use also offers a number of
advantages over centralized power supply.

The primary advantage lies in the more efficient use
of the combustion products of natural gaseous raw ma-
terials — heat. When generating energy in gas piston
installations, heat is released through exhaust gas emis-
sions, engine cooling, and oil system cooling. The in-
clusion of specialized heat exchangers and waste heat
boiler units in the heating circuit allows for the heat to
be redirected to the enterprise's heating network.

Modern manufacturers of decentralized power gen-
eration units employ two approaches to organizing gas
piston installation operation at the enterprise: station-
ary and modular. In a stationary configuration, all sys-
tem components are installed indoors and are not in-
tended for outdoor operation. The modular configura-
tion allows for the gas piston installation to be housed
in a small, free-standing modular container outdoors.

The modular design is preferred in most cases due
to the following advantages. Unlike a stationary de-
sign, the modular design requires minimal time for
commissioning. The use of standardized solutions dur-
ing module assembly significantly reduces project
costs. Additional manufacturing and connection of
new modules allows for a rapid increase in the power
plant's capacity during modernization or production
volume growth. The use of a modular container design
reduces transportation costs and ensures the mobility
of the entire plant should it need to be relocated.

This article examines the key system indicators us-
ing the example of a completed project to reconstruct
the heating system and technically upgrade a plant
with a 2.3 MW gas piston installation.

The primary equipment of the thermal power plant
installed during the technical re-equipment are two
TCG 3020V20 gas piston installations manufactured
by MWM (Germany), with an electrical capacity of
2 300 kW each. The total electrical capacity of the
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thermal power plant is 4,600 kW with a voltage of
6.3 kV, 50 Hz, the total thermal capacity is 4.5 MW
(3.87 Geal) at a temperature schedule of 90/70 °C. The
primary fuel for the thermal power plant is main gas
with a calorific value Qrn equal to 8 000 kcal/Nm”.
Backup fuel is not provided. The primary operating
mode of the thermal power plant is operation in paral-
lel with the external electrical grid without delivering
power to the power supply organization. In this operat-
ing mode, the machine load changes depending on the
power consumed by the enterprise.

To prevent power spillover to the external grid, 30
to 50 kW is continuously drawn from it, and the
amount of power consumed can be set via the dis-
patcher's automated workstation. The gas piston instal-
lation is designed to automatically switch to island
mode if the external grid is lost, and to resynchronize
with the external grid when it is restored, without in-
terrupting power supply to consumers. A completely
independent operation mode for the thermal power
plant, with startup in the absence of the external grid,
is not envisaged.

The gas consumption of a single 2 300 kW gas pis-
ton installation at 100% load is 541 nm*/h with a calo-
rific value Qrn of 8 000 kcal/nm?. With electrical load
fluctuations ranging from 40 to 100% of the nominal
value, the gas piston installations gas consumption
varies linearly from 225 to 541 nm3/h.

The minimum gas consumption of a gas piston in-
stallations is 225 nm3/h (the unit operates at 40%
load). The maximum gas consumption at the thermal
power plant is 1 082 nm*/h (when two gas piston in-
stallations operate at full capacity).

The thermal power plant uses natural gas as fuel,
which is flammable when mixed with air. Therefore,
the thermal power plant is classified as a hazardous
industrial facility. The gas supply pipeline for the
2 300 kW gas piston installation is under pressure of
0.01 MPa from the gas pressure control station to the
gas piston installation and is classified as hazard class
III. Since the amount of natural gas stored at the ther-
mal power plant at any one time is less than 20 tons, it
is classified as hazard class IV. The thermal power
plant is not designed to use any other fuel.

The gas piston installation operates continuously
with automatic start and stop. This type of gas piston
installation is an autonomous power source with the
ability to operate in parallel with the power grid. The
thermal power plant comprises two such units. The gas
piston installation is supplied in a fully factory-
assembled container. The container includes a ventila-
tion system, gas supply, oil supply, heat recovery sys-
tem for the cylinder block cooling jacket, exhaust gas
cooling, and an exhaust system (Fig. 3).
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Fig. 3. Placement of two gas piston installations blocks as part of the enterprise's thermal power plant

Gas piston installation control systems include
alarms and other means to warn of malfunctions in
machinery and equipment that could lead to hazardous
situations. Initial synchronization of the generator with
the external grid is performed at the generator bay,
located in the 6 kV switchgear near the gas piston in-
stallation container. The generator bay is controlled
during initial synchronization by the gas piston instal-
lation control panel, located in the gas piston installa-
tion container. The relay start-up unit in the generator
bay protects the line between the bay and the genera-
tor, as well as the generator itself. Generated electricity
is metered by electricity meters located both in the
generator bays and in the input bays of the 6 kV
switchgear.

Conclusion

The conducted research demonstrates that the
comprehensive implementation of gas piston installa-
tions can be an effective way to improve the energy
efficiency of industrial enterprises. The key require-
ment is the preparation and informed selection of
equipment tailored to the specific needs of a particular
production facility. By applying the recommendations
presented in this article, industrial facilities can
achieve significant reductions in energy costs and in-
crease their competitiveness in the market.

Research Results:

1. Based on the data analyzed, a list of measures for
optimizing electrical networks has been substantiated
and presented. General recommendations have been
developed for selecting electrical equipment for an en-
terprise or municipal facility to achieve energy savings,
a process requiring a comprehensive approach. Key
criteria for selecting equipment from a perspective of
energy efficiency have been identified.

2. The problem of optimizing energy system oper-
ating modes is considered. An analysis of key publica-
tions devoted to improving energy transmission and
consumption is conducted. The key criteria for opti-
mizing energy system operating modes are identified.
A generalized classification of traditional problems of
optimizing energy system operating modes is present-
ed. Conducting research and development work to
improve the efficiency of power systems will enhance
economic efficiency while maintaining the required
level of operational reliability.

3. The features of autonomous and parallel operating
modes are discussed. Information is provided on the
main advantages of using gas piston power plants for
industrial facilities. The results of calculating the indica-
tors for a heating system reconstruction project and the
technical refurbishment of an enterprise with the instal-
lation of a gas piston installation plant are presented.
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