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orJjis1ii EKOHOMIYHUX PU3UKIB Y PA3I BI/IMOBH
OBJIAJHAHHSA CYYACHUX CYJIEH
OVERVIEW OF ECONOMIC RISKS IN CASE OF EQUIPMENT
FAILURE OF MODERN SHIPS

Summary. Introduction. Failure of ship equipment is one of the most
important factors affecting the economic efficiency and safety of shipping. The
article substantiates the main economic risks caused by technical malfunctions
on seagoing vessels, which include financing of losses, delayed deliveries,
increased insurance premiums and environmental sanctions.

Objective. To identify the main risk factors, including equipment wear and
tear, technical errors during maintenance, unskilled personnel and the use of
low-quality components.

Materials and methods. To minimize the risks, we used and implemented
predictive maintenance systems based on digital monitoring technologies.
periodic training of crews, formation of reserve funds for emergency repairs.
Mathematical models for assessing equipment reliability, maintenance efficiency,
and financial risk management were also considered.

Results. The study found that the main economic consequences of ship
equipment failure are financial losses for repairs, vessel downtime, breach of
contract, increased insurance premiums, and environmental fines. The key causes
of failures include wear and tear of machinery, maintenance errors, unskilled
personnel, and the use of low-quality spare parts. To minimize the risks, it is
proposed to introduce predictive maintenance based on digital monitoring,
automated diagnostic systems, crew training, and the creation of reserve funds
for emergency repairs. Calculations have confirmed that an integrated approach
to risk management can reduce the number of failures, cut financial losses, and
improve the efficiency of ship operations.

Prospects. The research shows the need for an integrated approach to

technical risk management, where a combination of technological,
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organizational and financial strategies and appropriate measures will help
reduce equipment failures, efficiently use money for repairs and maintenance,
and increase the level of safety of navigation.

Key words: maritime transportation, maritime transport, reliability,
equipment reliability, probability of failure, navigation safety, maintenance,
navigation risks, condition monitoring, malfunctions, automated systems, process

control, forecasting,

Anomauia. Bcmyn. Biomosa cyOH06020 001a0HAHHA, O00HA 3
HA20JI08HIWUX YUHHUKIB, WO 30IUCHIOIONMb 6NJIUE HA eKOHOMIYHY eq(heKmMUGHICMb
i be3neky cyononnaecmea. Cmamms 0OIPYHMOBYE 20JI08HI eKOHOMIYHI PUIUKU,
SAKI CNPpUYUHEHI MEeXHIYHUMU HEeCHPABHOCMAMU HA MOPCbKUX CYOHAX ma SKI
6KIIOUeHi 00 (hiHaHCYB8aHHA 30UMKIB, 3AMPUMK)Y NOCMABOK, NIOBUUICHHS
CMPaxosux npemitl ma eKoJ102i4Hi CAHKyii.

Mema. Busnauumu 20108Hi YUHHUKU PUSUKY, ceped SAKUX € 3HOUEHICHb
00IaOHAHHA, MEeXHIYHI NOMUAKU Ni0 4Yac MexHIYHO20 00CIY208Y68aHHS,
HeK8aNiQIKOBAHUL NePCOHAN MA BUKOPUCTAHHS HESKICHUX KOMNOHEHMIB.

Mamepianu ma memoou. /nsa minimizayii pusuxkieé 6UKOpUCMAHI ma
BNPOBADIICEHI cuCmeMU NPEOUKMUBHO20 MEXHIYHO20 00CY208Y8AHHS HA OCHOBI
Yupposux mexHonN02iiU MOHIMOPUHRY. NEePIOOUYHO20 HABYAHHA eKINadxfcis,
Gopmysanns pezepeHux oHOI8 01 NPOBEOEHHs ABAPIUHUX peMOoHmis. Takoo
PO32NA0ANUC  MAMeMamu4Hi  Moo0eli  OYIHKU  HAOIUHOCMI  001a0HAHHA,
eghekmugHoCcmi mMexHiuHo20 00CIY208Y8AHHA MA YNPAGIIHHA (QIHAHCOBUMU
PUBUKAMU.

Pesynomamu. Jlocniosxcenns 6usaeuno, uwjo OCHOBHUMU eKOHOMIYHUMU
HACAiOKamu 8iOMO8U CYOHOB020 00NA0HAHHA € (DIHAHCO8I 8MPAMU HA PEMOHM,
npoCcmoi cyoeH, nopyuleHHs KOHMpAaKmis, 3pOCManHs CMpaxo8ux 6HecKieé ma
exonoeiuni wmpagu. Knrowoeumu npuvunamu 8i0mMo8 € 3HOUIeHHS MEXAHI3MIB,
NOMUNIKU ) MEXHIYHOMY O00CIY208Y8aHHI, HEKBANI(IKOBAHUN NepCcoHan i

BUKOPUCIAHHA HESKICHUX 3an4acmuH. /{15 MIiHIMI3ayll pu3uxie 3anponoHo8aHo
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BNPOBAOIHCEHHSI NPOCHO3HO20 MEXHIYH020 00CY208YB8AHHS HA OCHOBI YUDPOB020
MOHIMOpUH2Y,  ABMOMAMU306AHUX  cUCmeM  Ola2HOCMUKU,  NiOGUUJEHHSL
Keanighixayii exinaxcy ma cmeopeHHsi pe3epeHuUx (HOoHOI8 Ol eKCMPeHO2O
pemoumy. Po3zpaxynku niomeepounu, wo KOMNIEKCHUU NioXio 00 YNpaeliHHs
pusuUKamu 00360JI51€ 3MEHWUMU KIIbKICMb 8I10M08 ma cKopomumu QiHaAHCO8]
empamu ma niosUUUMU eqheKMUBHICMb eKCHLyamayii cyoeH.

Ilepcnexmusu. [locnioocenns ceiouams npo HeobXiOHICMb KOMNIEKCHO20
nioxo0y 00 YNPAGIIHHA MEXHIYHUMU PUSUKAMU, O NOEOHAHHS MEXHON0IYHUX,
Op2aHi3ayiuHux ma QiHaHco8uUx cmpamezili a NPo8edeHHs 8I0N0BIOHUX 3AX00i8
0onomodce 3MeHwUmu 8i0Mo8U 00NAOHAHHS, e(eKMUBHO BUKOPUCMOB8Y8AMU
2powii Ha peMOHm ma mexHiuHe 00C/Y208Y6aHHA, NIOBUWUMU DIGeHb Oe3neKu
CYOHONIABCMEA.

Knwuoei cnosa: npoyec cyOHOB00IHHA, MOPCbKUU — MPAHCHOPM,
6e36i0MOBHICMb, HAOIUHICMb O00JAOHAHHS, UMOBIPHICMb 8I0MO8U, Oe3nexa
CYOHOBOOIHHS, MeXHiuHe 00CNY208Y8aHHS, HAGI2AYIUHI DPUBUKU, MOHIMOPUHS
CMaHy, HeCnpagHoOCmi, a6MOMAMU308AHI CUCMEMU, YNPAGIIHHA Npoyecamu,

NPOCHO3)Y6AHHAL.

Problem formulation. Shipping is a critical sector of the global economy,
but failure of ship equipment can pose significant economic, environmental and
operational risks. Existing maintenance methods do not always allow for the
timely detection of potential malfunctions, which underscores the need to
implement predictive maintenance and digital monitoring to minimize risks.

Analysis of recent research and publications. Studies indicate that ship
equipment failure is a key factor in economic risks in shipping, causing financial
losses, transportation delays, and increased insurance premiums. In particular, a
study by Ceylan & Celik (2024) highlights the significant risks associated with
shipboard boiler failure, where the main critical factors are fluctuations in steam
temperature and pressure, safety valve failures, and imbalances in the fuel-to-air

ratio [1]. Another study conducted by Ibazebo et al. (2024) applies the Failure
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Mode and Effects Analysis (FMEA) method to assess the risks of a ship's main
propulsion system, emphasizing the critical importance of identifying the most
vulnerable components to reduce operating costs and prevent accidents [2]. For
newbuildings, Ariany et al. (2023) investigated delays in the delivery of
mechanical equipment and their impact on the ferry construction production
cycle, identifying installation delays as the biggest risk [3]. Gunnarsson's (2024)
study also points to the general vulnerabilities of the maritime transport system,
in particular in the Northern Sea Route, where sanctions and changes in
technological supply can significantly affect logistics efficiency and
transportation safety [4].

Thus, existing research unanimously indicates that the economic
consequences of ship equipment failure can be significant due to increased
operating costs, reduced ship safety, and increased insurance risks. [5-10]. The
use of predictive maintenance, digital monitoring, and effective risk management
can significantly reduce potential losses and increase the reliability of shipping
operations.

The purpose of the article is to study the economic risks associated with
the failure of shipboard equipment and to develop strategies to minimize them.
To achieve this goal, the author analyzes the main risk factors, such as wear and
tear of machinery, maintenance errors, unskilled personnel, and the use of low-
quality spare parts.

Materials and methods. The article uses an analytical approach to assess the

economic consequences of ship equipment failure, as well as mathematical models for

predicting the reliability of technical systems.

1. Economic consequences of equipment failures
Failure of shipboard equipment can cause significant economic losses,
affecting both the immediate financial costs and the long-term efficiency of

maritime transportation (Table 1);
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Table 1

Economic consequences

Economic Description
Consequence

Direct Financial Losses | Costs related to repairs, replacement of components, and
emergency maintenance.

Delays and Contract | Ship downtime leading to financial losses due to penalties, loss of

Disruptions revenue, and disrupted logistics chains.

Increased  Insurance | Frequent technical failures increase the risk of maritime
Premiums operations, leading to higher insurance premiums.

Environmental Fines Equipment failures may cause fuel leaks or hazardous substance

spills, resulting in fines and reputational damage.

In addition, direct financial losses, which include the cost of repairs,
replacement of parts and emergency maintenance, can account for a significant
portion of the shipowner's operating budget. Downtime and contract disruptions
due to equipment failure can cause a vessel to stop, resulting in financial losses
due to penalties, loss of cargo transportation revenues, and disruption of logistics
chains. Separately, increased insurance premiums and frequent technical
malfunctions increase the risk of shipping operations, forcing insurance
companies to increase insurance rates for shipowners. Additionally,
environmental fines, as equipment failures can cause leaks of fuel or other
hazardous substances, which leads to significant fines and damages the reputation

of the shipping company.

2. Main risk factors
Shipboard equipment failure is often caused by a combination of technical,
human and operational factors. The main causes of such failures are (Table 2):
Table 2

Main risk factors

Risk Factor Description

Wear and Aging of | Continuous exposure to marine conditions leads to material fatigue,
Components corrosion, and loss of structural integrity over time.

Errors in Technical | Inadequate preventive maintenance or improper repairs increase the

Maintenance likelihood of unexpected failures.

International Scientific Journal “Internauka’. Series: “Economic Sciences”
https://doi.org/10.25313/2520-2294-2025-2




International Scientific Journal “Internauka”. Series: “Economic Sciences”
https://doi.org/10.25313/2520-2294-2025-2

Unqualified Lack of experience or improper training of crew members leads to
Personnel mishandling and increased risks of equipment damage.

Low-Quality Spare | The use of substandard replacement parts or inherent flaws in
Parts and Design | equipment design can result in operational inefficiencies and early
Defects failures.

2.1 Wear and tear and aging of mechanisms
Over time, mechanisms are subject to physical wear and corrosion, which

reduces their reliability. The level of wear can be estimated by the formula:

_ wy
R(t)=Rye "

where: R(?) is the probability of failure-free operation at time t, Ry is the

initial reliability of the equipment, 4 - failure rate, t is the operating time.

2.2 Errors in maintenance
Improper or irregular maintenance can lead to the accumulation of hidden
defects. The effectiveness of maintenance can be assessed through the availability

rate:

P 2)
where: K, - the availability factor, - 7, - average uptime, 7, - average repair

time. The lower the 7}, the higher the technical readiness of the equipment.

2.3 Unqualified personnel
Insufficient training of the crew can lead to improper use of equipment and

accelerated wear and tear. This is taken into account in the human factor model:

Pf:1)o+;(Ei'VVi)a (3)

where: Pr- probability of human error, P, - basic probability of error, E; -
level of complexity of the operation performed, Wi - coefficient of influence of
fatigue, stress or other factors. Reducing these indicators is achieved through

regular training and process automation.
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2.4 Use of low-quality spare parts or design defects

Manufacturing defects or the use of uncertified parts can lead to premature
equipment failure. The quality control of equipment can be assessed through the
defect rate:

N
D =—%Lx100%,
Nt 4)

where: D - defect rate in %, N4 - number of defective parts, N, - total
number of parts.

This ratio can be reduced through supplier control, regular inspections, and
the use of certified materials. Thus, the risk of shipboard equipment failures can
be reduced through a competent system of ship maintenance management, the
introduction of modern diagnostic methods, improved personnel training and

strict quality control of spare parts.

3. Ways to minimize risks
To reduce economic losses associated with ship equipment failure, it is
necessary to implement comprehensive technical, organizational and financial

measures (Table 3);

Table 3
Ways to minimize risks
Risk Mitigation Description
Method
Predictive Implementation of condition-based monitoring (CBM) and
Maintenance predictive analytics to detect failures before they occur.
Systems
Digital Monitoring | Use of IoT sensors, Al diagnostics, and automated alarms to control
Technologies the condition of critical ship components in real-time.
Crew Training and | Regular educational programs and certification for crew members to
Skill Development | improve their competence in handling and maintaining equipment.
Emergency Repair | Establishment of financial reserves to cover urgent repair costs,
Funds preventing major financial losses and delays.
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3.1 Predictive maintenance systems

Predictive Maintenance (PdM) is based on the analysis of the actual state
of the equipment using sensors and machine learning algorithms. This helps to
reduce the likelihood of unexpected breakdowns and reduce repair costs.

Formula for calculating the effectiveness of predictive maintenance:

CF
EPdM = TPXIOO%
' ; (5)
where: Epav - efficiency of PAM in %, C, - average cost of reactive

(emergency) maintenance, C, - the cost of predictive maintenance. The more

Epray, the more efficiently the predictive maintenance system is implemented.

3.2 Digital monitoring technologies

The use of smart sensors, [oT devices and artificial intelligence allows for
real-time monitoring of shipboard equipment. Machine learning algorithms can
analyze trends in the operation of engines, hydraulic systems and generators,
reducing the risk of accidents.

The effectiveness of digital monitoring can be expressed through the
equipment availability factor:

U
U+D

A=

x100%,

where: A - equipment availability factor, U - equipment uptime, D -

downtime due to malfunctions.

3.3 Crew training and emergency repair reserves

Insufficient crew qualifications are one of the key causes of equipment
malfunctions. Regular training, the use of simulators, and updated training
programs can reduce the impact of the human factor. To ensure financial
sustainability, shipowners should create reserve funds to cover emergency repair

costs. This helps to avoid significant losses in the event of sudden breakdowns.
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4. Discussion

Failure of ship equipment is one of the key challenges for the shipping
industry, as it causes significant economic, environmental and operational risks.
The analysis of risk factors and methods to minimize them can lead to several
important conclusions on how to improve the efficiency of ship maintenance
management.

Implementation of Predictive Maintenance (PdM) is one of the most
effective strategies to prevent sudden failures. The use of 10T sensors, machine
learning, and data analytics systems allows for the prediction of possible
malfunctions and maintenance on an as-needed basis rather than a strict schedule.
This significantly reduces repair costs and increases the operational life of the
equipment.

Innovative digital technologies, such as remote equipment condition
monitoring, allow crew and shipowners to monitor the status of ship components
and systems in real time. Identification of trends in changes in equipment
operating parameters (e.g. temperature, vibration, pressure) allows for timely
response to potential threats. This helps to minimize vessel downtime and reduce
the risk of serious breakdowns.

The quality of crew training plays a critical role in ensuring the smooth
operation of the vessel. Training personnel in the proper use and maintenance of
equipment reduces the likelihood of human error, which is a common cause of
accidents. Regular training and simulations help staff respond more quickly to
emergency situations, which in turn increases the overall level of safety and
reliability of ship systems.

One important aspect of risk management is the formation of emergency
repair reserve funds. Shipowners and operators should anticipate possible costs
associated with emergency repairs and include these funds in their financial
planning. This allows them to avoid significant economic losses in the event of a

failure of critical ship systems and to quickly restore its operation.
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Conclusions. Minimizing the risk of ship equipment failures requires a
comprehensive approach that combines technological solutions (digital
monitoring, automated diagnostic systems), organizational measures (crew
training, improved maintenance protocols), and financial instruments (fund
reserves, risk insurance). These methods help reduce the number of accidents,
increase shipping efficiency and reduce ship maintenance costs. In order to avoid
serious economic losses due to the failure of ship equipment, it is necessary to
implement predictive maintenance, use digital monitoring technologies, train
personnel and build up reserve funds. Comprehensive technical risk management
will increase safety of navigation, reduce vessel downtime and ensure the stability

of the fleet in the long term.
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