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Abstract. The possibilities of improving energy efficiency in the shipbuilding and ship repair industry are being con-
sidered. Energy efficiency plays a key role in modern industry, especially in industries with high energy consumption,
such as shipbuilding and ship repair. In the Astrakhan region, with a significant amount of available water resources,
there are many enterprises in this industry. An overview of the industry in the region is presented, an analysis of the
structure and dynamics of electricity consumption at enterprises in this industry is carried out, the identification of the
main consumers of electricity and the most energy-consuming processes are identified. Based on these data, measures
are proposed to optimize energy consumption. The existing technologies and methods aimed at reducing energy con-
sumption and increasing energy efficiency in the shipbuilding and ship repair industry are analyzed. Both technical
and organizational measures are considered, such as the introduction of energy-saving equipment, optimization
of production processes and the introduction of energy monitoring and management systems. Recommendations on
improving the energy efficiency of enterprises in the shipbuilding and ship repair industry will reduce energy costs,
improve the environmental sustainability of production and increase the competitiveness of companies in a market
economy. The results obtained can be used by the management of enterprises, energy management specialists and
government agencies to develop strategies to reduce energy consumption and improve energy efficiency in this indus-
try. An integrated approach will be useful to enterprises in the shipbuilding and ship repair industry for the efficient
use of available resources, reducing costs and minimizing negative effects on the environment, which in the long term
will contribute to increasing competitiveness and sustainability.
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B OTPACISIX ¢ BBICOKUM YPOBHEM 3HEPronoTpeOIeHHs, TAKUX KaK CYIOCTPOCHUE U CyIOpeMOHT. B AcTpaxaHckoii 06-
JIACTH TIPY 3HAYUTEILHOM KOJMYECTBE MMEIOIIUXCSl BOJAHBIX PECYPCOB HAXOIHUTCS MHOXECTBO HPEINPUITHH yKa3aH-
Ho#t orpaciu. IIpencrasiieH 0030p OTPAciy B PETHOHE, IPOBEACH aHAIIN3 CTPYKTYPhI U AHUHAMHUKH 3JIEKTPONoTpediie-
HHSl Ha TPEANPHATHAX NaHHON OTPACiH, WACHTH(HKALMS OCHOBHBIX MOTPEOHMTENCH 3JIEKTPOIHEPTUH M BBISBICHBI
HauboJee dHepro3arpaTHele Nporeccsl. Ha OCHOBE 3THX OAaHHBIX HNPEMAIAraloTCss MEphl IO ONTHMHU3ALUK JHEProIo-
Tpebienus. [IpoaHanu3npoBaHel CYIECTBYIOMINE TEXHOIOIUH M METO/IbI, HAIIPABICHHBIC Ha CHIDKCHHE YHEPro3aTpar
1 TIOBBILICHHE dHEProda)(HEKTUBHOCTH B CyAOCTPOUTEIBHOM M CYIOPEMOHTHOM oTpaciu. PaccMarpuBaroTest Kak Tex-
HHUYECKHE, TaK 1 OPraHH3aLHOHHBIC MEPhI, TAKHE KaK BHEAPECHHE DHEProcOeperaomniero 060pyI0BaHus, ONTUMH3ALHS
[POU3BOJICTBEHHBIX MPOLIECCOB U BHEAPEHHE CHCTEM MOHHTOPUHIA M YIPAaBIICHHs 3HepromnorpebieHneM. PexomeH-
JIALMH 110 TIOBBILICHHIO 9HEProd(hHEKTHBHOCTH MPEANPUATHI CYIOCTPOUTENFHON U CYJOPEMOHTHOM OTpaciu H03BO-
JIAT CHU3MTh 3aTPaThl Ha SHEPTHIO, YIYYILINTh YKOJOTHYECKYH0 YCTOWYHBOCTD MPOU3BOJICTBA U HOBBICHTh KOHKYPCH-
TOCIIOCOOHOCTh KOMITaHHUIT B YCIIOBHSX PHIHOYHOM 3KOHOMUKH. I10TydEeHHBIC PE3yIbTaThl MOTYT OBITH HCIIOJIb30BaHbI
PYKOBOZACTBOM MPEANPHATHH, CHELHAIMCTAMH 110 YHSPTOMEHEIKMEHTY M TOCYIapCTBEHHBIMH OpraHaMH ULl paspa-
GOTKH CTpAaTeruili MO0 COKPAILCHHUIO JHEPrONOTPEOICHUS U YAyULICHHIO dHEprodGHeKTHBHOCTH B JAHHON OTPaciH.
KoMmruiekcHbIi moaxox OyaeT Mmoje3eH MPeOmpHATHsIM CYIOCTPOMTENBHON U CyZOPEMOHTHOM oTpaciu mst dhdek-
THBHOTO HCIIOJIb30BaHHs HMEIOLIMXCSI PECYPCOB, COKPAILCHHS H3ACPIKEK U MHHUMU3UPOBAHMS OTPULATEIBHOTO BO3-
JCHCTBUSL HA OKPYXKAOIIYIO CPEJy, YTO B JOJTOCPOYHOM MEPCHEKTHBE MOCIOCOOCTBYET YBEINYCHHUIO KOHKYPEHTO-
CIOCOOHOCTH U YCTOHYMBOCTH.

KnroueBble cioBa: moseieHre SHeprodG EeKTHBHOCTH, IEKTPONOTPEONICHUE TIPEANPUITHH, (AaKTOPbI 3HEPTrod¢-
(EeKTUBHOCTH, IPEAIPUATUS ACTPaXaHCKOH 00J1aCTH, CYIOCTPOUTEINIBHAS U CYyJOPEMOHTHAsI OTPAcib

BaaromapHocT: aBTOPHI BEIpAXKAIOT OarofapHocTh ApreMy BiagncnaBoBudy JIpsSUeHKO 32 MOMOIIb M HOJUIEPXKKY HPH
HAIMCaHUHU CTaThU.

Jnst murupoBanusi: Kamoocnvii A. U., Pomanenxo H. I. Onpenenenne crmoco00B MOBBIIICHUS SHEProdhHeKTHBHO-
CTH IyTEM aHAJIN3a JJICKTPOMOTPEOICHUS MPEANPHUATHI CyIOCTPOUTEIBLHON M CyTOPEMOHTHON oTpaciu // BecTHHK
ACTpaxaHCKOT0 TOCyZapCTBEHHOTO TEXHMUYECKOro yHuBepcurera. Cepusi: Mopckas TexHMKa U TexHosorus. 2024.
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Introduction

The ship repair and shipbuilding industry plays a key
role in the economic development of the regions [1],
providing support and development of marine and river
transport communications. The Astrakhan region, hav-
ing significant water resources and an advantageous
geographical location, is important for the development
of water transport, shipbuilding and ship repair. In mod-
ern conditions, when the region is faced with increasing
competition in the markets, it is important to actively
consider and optimize energy consumption at enterpris-
es. In this context, understanding and optimizing energy
consumption at enterprises is becoming an important
element of the strategy for sustainable development
of both enterprises themselves and the economy of the
region. Power consumption in the ship repair industry is
of strategic importance, as it has a direct impact on the
operating costs of enterprises, their competitiveness, as
well as environmental sustainability. Federal Law
No. 261 [2] and the State Program “Development
of Shipbuilding 2013-2030 [3] emphasize the relevance
of the analysis and assessment of energy consumption at
enterprises of the ship repair and shipbuilding industry for
the analysis and accounting of energy efficiency.

The purpose of this article is to analyze and statisti-
cally evaluate the power consumption of enterprises in
the shipbuilding and ship repair industry of the Astra-
khan region. The study will review the ship repair indus-
try in the region, analyze energy consumption at enter-
prises, and identify the main factors affecting energy

efficiency and prospects for improvement in this area.
The study of electricity consumption in the ship-
building and ship repair industry of the Astrakhan re-
gion is of practical importance: the analysis allows you
to identify reserves to reduce operating costs and in-
crease the competitiveness of enterprises; energy effi-
ciency assessment helps to minimize the negative im-
pact on the environment; the results of the study can
serve as a basis for the development of strategies and
programs to improve energy efficiency and sustainable
development of the ship repair industry in the region.
Research objectives:
1. To review the industry in the Astrakhan region.
2. Collect and analyze data on electricity consump-
tion at enterprises in the region in order to identify trends.
3. Identify the key factors affecting the energy effi-
ciency of ship repair enterprises in the Astrakhan region.
4. Assess the current level of energy efficiency and
identify potential areas for improvement.

General characteristics of the ship repair indus-
try in the region

A general overview of the ship repair industry in
the Astrakhan region highlights its importance for the
regional economy and transport infrastructure, and
also points to the need to analyze and optimize energy
consumption in order to increase the efficiency and
competitiveness of enterprises in this industry.

The shipbuilding and ship repair industry in the As-
trakhan region plays an important role in the development

19

Ansnpur aredar diys pue Surpinqdiys oy ur sestidioud jo uondwnsuod somod oy SuizA[eue £q ASu9101jo A310U0 9SBAIOUI 0} SABM JO UONBUIILINNIR( "D "N OUduewoy “| "V AuyznA[es|



i1 CyJIOCTPOUTENBHOMN U CYIOPEMOHTHON OTPacin

Kanroxnbiii A. U., Pomanenko H. T'. Onpenenenne cioco00B MOBBIIIEHHS SHEProa(hHEKTHBHOCTH ITyTEM aHAI3a dIEKTPOIOTPEOICHHS PEAIPUAITH

Becmnux Acmpaxancxozo zocydapcmeennozo MEeXHU1YeCcKo20 ynusepcumema.

Cepusn: Mopckaa mexuuka u mexuonozus. 2024. Ne 4
ISSN 2073-1574 (Print), ISSN 2225-0352 (Online)
Cyoocmpoerue, cyoopemMoHm u sKcniyamayusi proma

of sea and river transportation, providing maintenance
and repair of watercraft. Shipbuilding enterprises build
bulk carriers, tankers, passenger and auxiliary fleet ves-
sels, and crane vessels. Large enterprises of the shipbuild-
ing complex of the Astrakhan region specialize in the
construction of offshore hydraulic structures for the de-
velopment of offshore fields. The total metal processing
capacity of shipbuilding and ship repair enterprises of the
Astrakhan region is up to 90 thousand tons per year [4].
The region is located at the intersection of many im-
portant transport routes, including the Volga Reservoir
and the Caspian Sea, which gives special strategic im-
portance to ship repair activities in this area.

For many years, shipbuilding enterprises of the As-
trakhan region have been regularly fulfilling orders
from partners from the Caspian states for the construc-
tion of large and technically complex marine engineer-
ing structures designed for the search and production
of hydrocarbons in offshore fields, and the repair
of vessels of various classes and purposes [5].

Astrakhan region has vast water areas, including the
Caspian Sea and the Volga River. The presence of ship
repair facilities near important transport routes ensures
the convenience and accessibility of ship maintenance.

The shipbuilding industry in the region has a long
history and has gone through a number of stages of de-
velopment [1].

Ship repair companies make a significant contribu-
tion to the economy of the region, providing jobs for
the local population and attracting investment in de-
velopment. In addition, ship repair works are an inte-
gral part of the maintenance of marine and river ves-
sels, which contributes to the development of the
transport infrastructure of the region.

In recent years, the industry in the Astrakhan re-
gion has been actively introducing new technologies
and working methods aimed at improving the efficien-
cy and quality of repair work. This includes the auto-
mation of processes, the use of modern equipment and
materials, as well as the introduction of digital tech-
nologies in production management.

General information on electricity consumption
at enterprises of the shipbuilding and ship repair
industry

An overview of the main energy consumption facili-
ties at ship repair enterprises.

Electrical consumption at ship repair enterprises
can be significant, since a variety of equipment for
ship repair, maintenance and construction is widely
used in this industry.

Power tools and equipment: industry enterprises
use various power tools, such as electric drills, grind-
ers, grinders, etc.

Welding equipment: welding work requires signifi-
cant energy consumption.
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Electric drive mechanisms: a variety of electric
drive mechanisms such as electric winches, cranes,
conveyors and other systems for moving and lifting
various loads and equipment.

Air conditioning and lighting systems: climate sys-
tems, lighting and heating devices are also objects
of electrical consumption in enterprises, ensuring
working conditions and maintaining optimal indoor
temperature.

Electrical systems of ships: the ship is powered
from the shore during repair or construction.

To determine the main consumers of electric ener-
gy, the authors studied data on the power of consumers
at a large enterprise, which are presented in Table 1.

Table 1
Power of consumers
Consumer Power, kW
Ship building workshop 1200
Welding shop 900
Pumping station 200
Foundry 800
Internal combustion engine repair shop 550
Floating dock 1 600
Mechanical workshop 1 740
Compressor room 600
Warehouse 350
Office 750
The main building 1700
Lighting of workshops and territory 350

Based on these data, the maximum power con-
sumption falls on the hull shop, floating dock, and
machine shop.

Having studied and analyzed the equipment, the fol-
lowing main consumers of electric energy have been
identified. The most powerful consumers are listed be-
low in descending order of power consumption:

. Electric furnaces;

. Electric welding;

. Universal machines;

. Specialized, aggregate machines;

. Lighting of workshops and territory;
. Fans;

7. Cranes, girder cranes, lifting mechanisms.

Analysis of power consumption.

Several companies have been selected for the anal-
ysis. According to the average number of employees,
enterprises are divided into categories [6]. So, there are
microenterprises — up to 15 people, a small enterprise
from 16 to 100 people, a medium-sized enterprise —
from 101 to 250 people. With a larger number, the
company is large. One company was selected, except
for microenterprises. Based on the data provided by
authorized persons, namely those responsible for the
electrical facilities at the enterprises, an analysis will
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be carried out. At the request of the owners, the names Table 3
of the enterprises are not indicated. Power consumption of an average enterprise
All enterprises have certificates of recognition
of the Russian Maritime Register of Shipping and the Month/year Consumption, thousand kW
Russian Classification Society. January 2022 2245
The types of activities include: February 2022 2348
1. Defection and repair of ship hulls, mechanisms, Mar.ch 2022 121.6
systems, devices, pipelines, boilers, pressure vessels, ﬁprllzzo()2222 gg g
electrical equipment of ships and floating objects; Juiz 2002 3 8’ ]
2. Overhaul of marine internal combustion engines; Tuly 2022 5 8’8
3. Development of working documentation; August 2022 60’ 5
4. Construction of vessels of various lengths and September 2022 5 4’ 4
dock weights depending on the size of the enterprise; October 2022 79:2
5. Non-destructive testing methods; etc. . November 2022 125.7
The tables below show power consumption data for December 2022 250.1
2022-2023. January 2023 2145
Table 2 shows data on electricity consumption by February 2023 2544
month of a small enterprise with 28 employees. March 2023 122,5
Table 2 April 2023 473
May 2023 32
Power consumption of a small enterprise June 2023 30,1
Month/year Consumption, thousand kW July 2023 618
January 2022 302 August 2023 596
February 2022 313 September 2023 56,7
March 2022 10,5 0ctobe{)20§(3) = 1729‘;78
: November X
I/\x/[;;r;lzzoozzzz g? December 2023 2471
June 2022 3,1
July 2022 32 Table 4
g:pgt: ;2532220 B 2’2 Power consumption of a large enterprise
October 2022 9,1 Month/year Consumption, thousand kW
November 2022 18,2 January 2022 1117
December 2022 20,7 February 2022 848.,4
January 2023 32,2 March 2022 5924
February 2023 28,4 April 2022 336,2
March 2023 11,5 May 2022 231,44
April 2023 7,3 June 2022 2534
May 2023 32 July 2022 188,1
June 2023 3,4 August 2022 250,2
July 2023 3,9 September 2022 310,7
August 2023 3,2 October 2022 462,1
September 2023 6,0 November 2022 762,3
October 2023 9,2 December 2022 1 058,6
November 2023 17,8 January 2023 1111,5
December 2023 19,1 February 2023 846,4
March 2023 594
Table 3 shows data on electricity consumption by April 2023 339,2
month of an average enterprise with 123 employees. May 2023 2344
Table 4 shows data on electricity consumption by June 2023 253,1
month of a large enterprise with 600 employees. July 2023 187,1
Studying the data from other years, the difference August 2023 255,6
in consumption relative to the presented data is small September 2023 311,7
and is within 10%, which allows you to track trends October 2023 467
according to the values presented above. November 2023 7726
December 2023 1103,5

Figure show diagrams of the distribution of elec-
tricity consumption by month of 2023 at enterprises.
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Diagram of the distribution of electricity consumption by month:
a —in a small enterprise; b — in an average enterprise; ¢ — in a large enterprise

These diagrams show that the most increased pow-
er consumption is observed in the period December-
February, that is, the winter months. This is due to the
following factors:

1. The winter months are characterized by cold
weather, which leads to an increase in the use of heat-
ing systems, especially at large production sites. This
requires a large amount of electricity to heat the work-
rooms and maintain the necessary temperature condi-
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tions for the equipment.

2. Shortened daylight hours. This leads to the need
for high costs for lighting areas.

3. Increased demand for services. Customers try to
repair or maintain ships in order to ensure their proper
operation during the months of navigation. Shipyards
speed up processes in the winter months so that ships
can be tested in the spring and summer period.
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Identification of key factors affecting the energy
efficiency of enterprises

The use of energy-efficient technologies and
equipment can significantly increase the energy effi-
ciency of enterprises. This includes measures such as
the installation of energy-efficient air conditioning
systems in the hot climate of the Astrakhan region, the
replacement of outdated equipment with more effi-
cient, the use of LED lighting and others.

The implementation of Energy Management Sys-
tems (EMS) allows enterprises in the region to effec-
tively control and optimize energy consumption. These
are monitoring and analysis of energy consumption,
installation of automated control systems, and energy
audit programs.

Training employees on energy conservation and
energy efficiency can lead to a more conscious use
of energy in the enterprise. For example, training on
the optimal use of equipment, energy saving practices
in the workplace, etc., taking into account the specifics
of the local industry.

Identification and elimination of sources of energy
losses, as well as optimization of production processes,
significantly reduce energy consumption in the enter-
prise. Such measures as the introduction of thermal
insulation measures for a region with a hot climate and
high temperatures, regular maintenance of equipment,
optimization of production processes eliminate sources
of losses.

The introduction of alternative energy sources, such
as solar and wind, which are relevant for the Astrakhan
region, due to the large number of sunny days and open
wind spaces, or energy recovery, can significantly reduce
the dependence of enterprises on traditional energy
sources and reduce their impact on the environment.

Compliance with legislation and standards in the
field of energy conservation and energy efficiency also
plays an important role [2]. The program [3] is aimed at
stimulating enterprises to improve energy efficiency.

Successful energy efficiency of enterprises in the re-
gion often depends on an integrated approach that in-
cludes various aspects of management, technology, staff
training and compliance with standards. Taking into
account the climatic and economic characteristics of the
region, it is necessary to adapt energy saving strategies to
local conditions in order to achieve the best results.

Identify potential areas for improving energy
efficiency
Based on the analysis, the authors identified the

following potential areas for electrical energy saving.

One of the main areas for improving energy effi-
ciency is the optimization of production processes and
technologies. For example, the introduction of more
energy-efficient methods of metal processing, manufac-
turing and installation of ship components, and a more
energy-efficient welding method is described in [7].

The equipment of enterprises is quite expensive.
Replacing outdated equipment with more energy effi-
cient equipment will lead to significant reductions in
energy consumption. The introduction of energy-
efficient electric drives, lighting, air conditioning sys-
tems and other systems will also help to improve ener-
gy efficiency [8].

Enterprises do not use non-traditional and renewable
sources of electric energy. However, the work [9] high-
lights their advantages. Energy recovery is a promising
area of further research.

The active development and application of energy
saving technologies can have a minimal impact on the
enterprise if the appropriate personnel are not available
for the process of this transformation [10]. Training
employees on energy conservation and energy efficien-
cy can help create a culture of conscious energy use in
an enterprise. Conducting trainings, seminars and train-
ing programs on the optimal use of equipment and re-
sources will significantly affect energy efficiency.

Conclusion

Based on the results of the analysis, the following
conclusions can be drawn:

1. The ship repair and shipbuilding industry in the
Astrakhan region has an extensive history and is one
of the key ones for the development of the region.

2. The following consumers are the most energy-
consuming: electric furnaces, electric welding, univer-
sal machines, specialized, aggregate machines.

3. A significant increase in electricity consumption
is observed in winter, such months as December, Janu-
ary and February, due to weather conditions, shortened
daylight hours, increased demand for services.

4. When managing power consumption at ship re-
pair enterprises, it is important to introduce energy-
saving technologies, effective management and moni-
toring systems to ensure optimal use of resources and
reduce energy costs.

5. Potential areas for improving energy efficiency
include the following: optimization of technological
processes, personnel training, equipment replacement,
use of non-traditional energy sources, energy recovery.
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