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Application of automated welding processes  
in the restoration of pipelines of power facilities

Abstract. The purpose of the study was to investigate the efficiency of automated welding processes in the restoration 
of pipelines of power facilities, with an emphasis on improving reliability and reducing repair time. The study used the 
analysis of technical literature, practical cases and the results of experimental implementation of automated welding 
technologies at power facilities. It was established that automated welding processes ensure high quality of welded joints in 
pipelines of power facilities, which significantly reduces the likelihood of defects. It was confirmed that the use of modern 
welding technologies helps to increase the corrosion resistance of joints and their ability to withstand high loads. Process 
automation has proven effective in ensuring stable welding performance, even under difficult operating conditions. It 
turned out that automated systems reduce the impact of the human factor, increasing the safety and reliability of work. The 
study also showed that automated technologies contribute to the rational use of energy resources during welding, minimise 
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the cost of operating equipment, and ensure compliance of restored pipelines with modern technical and environmental 
standards. The introduction of these technologies helps to optimise repair work, reduce their duration and increase the 
durability of pipelines. This confirmed the feasibility of using automated welding processes to restore the infrastructure 
of energy facilities. It was determined that automated processes can ensure high welding accuracy, which is critical for the 
operation of pipelines under high pressure. The study showed that such technologies help to reduce material consumption 
by minimising the number of defects. In addition, the introduction of automation has proven to be an effective tool for 
improving the productivity of repair work and ensuring stable operation of energy systems in the long term

Keywords: corrosion resistance; high loads; human factor; safety; energy resources; environmental standard

INTRODUCTION
The use of automated welding processes in the restoration 
of pipelines of power facilities is important for improving 
the quality and efficiency of repair work. Pipelines of pow-
er facilities are operated in difficult conditions, which re-
quires high requirements for the strength and tightness of 
connections. Automation of welding processes allows en-
suring high accuracy and stability of welding, reducing the 
likelihood of defects due to the human factor.

Automated welding systems improve the corrosion re-
sistance of welds and ensure their ability to withstand high 
loads, which is important for the durability of pipelines. 
They also allow achieving stable welding performance un-
der variable operating conditions. The use of robotic sys-
tems significantly reduces repair time, reduces labour and 
material costs due to precise dosing. Welding automation 
also increases productivity and reduces the amount of ma-
terial waste, which has a positive impact on economic and 
environmental performance (Naik et al., 2024).

Based on these technologies, the frequency of pipeline 
repairs is reduced, which ensures uninterrupted operation 
of power facilities. Thus, automated welding processes 
are an effective tool for restoring pipelines, which helps 
to increase reliability and reduce the cost of their opera-
tion. The problem of ensuring the reliability and quality 
of welding connections of pipelines of power facilities in 
conditions of high operational loads has attracted the at-
tention of many researchers. S.A.  Sazonova  et al.  (2021) 
noted that automation of welding processes helps to im-
prove welding accuracy, reducing the likelihood of defects. 
But their research focused on the need to improve tech-
nology, as some welding systems cannot operate in ex-
treme conditions. M. Faccio et al. (2023) determined that 
robotic systems can minimise the human factor, but not-
ed the high cost of such technologies, which limits their 
widespread adoption. A. Mehta & H. Vasudev  (2024) ex-
amined the corrosion resistance of welds obtained using 
automated technologies and found that these joints have 
greater strength and resistance to destructive factors. 
However, their study showed the need to adapt processes 
to different types of materials, which requires additional 
research. C. Loukas et al.  (2021) investigated the impact 
of automation on the cost-effectiveness of production, 
pointing to a reduction in material costs by minimising 
defects, but they noted that existing models for predicting 
costs have limited accuracy. M.A. Said et al. (2023) noted 

the importance of implementing automated welding sys-
tems in existing production processes, but the influence 
of external factors, in particular, humidity and tempera-
ture, was not considered.

M.A. Karim et al.  (2023) investigated the influence of 
external factors on the quality of welding joints and found 
that temperature changes can lead to an increase in the 
likelihood of defects, which requires additional study for 
the stability of the results. T.-T. Nguyen et al. (2023) inves-
tigated the energy efficiency of automated welding tech-
nologies, finding that they provide energy savings, but 
stressed the need to improve energy control. J.E. Naranjo et 
al. (2022) analysed the operational durability of pipelines 
restored using automated welding technologies and found 
that such systems contribute to a significant reduction in 
repair time, providing significant resource savings. Howev-
er, they did not consider the impact of different types of 
loads, which requires clarification. D. Mishra et al.  (2021) 
analysed the quality of welded joints using automated 
technologies in industrial settings, finding that these tech-
nologies can significantly improve the stability of pipe-
lines, but their application is limited by the lack of stand-
ards. R. Mahto & M. Rout  (2024) investigated the impact 
of modern automated welding technologies on reducing 
maintenance costs, noting the rapid return on investment 
in these systems. Moreover, the need for additional re-
search on the long-term effectiveness of such technologies 
in difficult operating conditions was emphasised.

These studies highlight advances in the automation 
of welding processes for pipelines of energy facilities, but 
point to existing gaps that require further study, in particu-
lar, in the adaptation of technologies to different materials, 
prediction accuracy and durability in difficult conditions. 
The purpose of the study was to determine the efficiency of 
automated welding processes in the restoration of pipelines 
of power facilities, focusing on improving reliability and 
reducing the duration of repair work. Research objectives:

x to investigate the effectiveness of using automated 
welding technologies for restoring pipelines of power facil-
ities under high loads;

x  to consider the impact of automation of welding 
processes on the quality of welded joints and reliability of 
pipelines of power facilities;

x  to evaluate the cost-effectiveness of automated 
welding technologies compared to conventional methods 
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in power systems, considering the cost of materials, energy 
and labour, and the impact on the performance and quality 
of welded joints.

MATERIALS AND METHODS
The study evaluated the use of automated welding tech-
nologies for the restoration of pipelines of energy facilities, 
in particular, at thermal power plants (TPP), nuclear pow-
er plants (NPP), in hot water supply systems, and for fuel 
transportation and water supply. Welding methods were 
considered, which included both classical approaches and 
modern automated technologies that ensure high welding 
accuracy with minimal operator intervention. In particu-
lar, the methods of submerged arc welding, tungsten inert 
gas welding (TIG), plasma welding, and laser welding were 
analysed. The study also evaluated the economic efficien-
cy of using automated welding technologies in comparison 
with conventional methods in the operating conditions of 
power systems. In particular, the cost of materials, the time 
required to perform welding operations, and the energy ef-
ficiency of various welding methods were compared. Auto-
mated systems showed significant savings both in material 
costs and in reducing the time required to perform repairs, 
which significantly reduced the overall maintenance costs 
of energy facilities and increased their operational effi-
ciency (Alarcón et al., 2021).

Numerous technical calculations were used to accu-
rately control and optimise the welding process. One of the 
main aspects was the heat flow analysis, which determined 
the efficiency of the welding process using equation (1), 
which was used in the study: 

Q = V×I
U   ,                                        (1)

where Q – heat flow transmitted to the weld (W); V – vol-
ume of the material to be welded (m3); I – strength of cur-
rent (A); U – voltage across the electrodes (V). This param-
eter has a significant impact on the quality of the joint and 
the stability of the pipe connection.

The heat flow transmitted to the welding seam was 
calculated using equation (1). To optimise the welding 
parameters, the required heat flow was determined, con-
sidering the volume of welding material, current strength, 
and voltage at the electrodes. The efficiency of the welding 
process and the quality of the resulting joint depended on 
this, which is important for ensuring the tightness of pipe-
lines, especially in conditions of high temperatures and 
pressures. The strength of the welded joint was calculated 
using equation (2):

∂ = F
A  ,                                          (2)

where ∂ – strength of the welded joint (Pa); F – load on the 
joint (H); A – cross-sectional area of the joint (m2).

In equation (2), the strength of the welded joint was 
calculated, which is critical for determining the reliability 
of pipelines. A load on the connection that exceeds certain 

limits can cause damage to the pipelines. Assessment of 
the strength of the weld allowed predicting its durability 
and endurance during operation under high pressure and 
temperature, reducing the risk of accidents. The efficien-
cy coefficient of the welding process was calculated using 
equation (3):

μ = Pout
Pin

  ,                                        (3)

where μ – coefficient of efficiency of the welding process; 
Pout – output power of welding process (W); Pin – input pow-
er of welding process (W).

A coefficient comparing the output and input power 
was used to evaluate the efficiency of the welding process. 
This helped to determine the energy costs of welding and 
evaluate the optimal use of energy. Technical features of 
submerged arc welding, TIG welding, plasma and laser 
welding were considered, with an emphasis on compli-
ance with the requirements of energy facilities. Technical 
reports containing data on the efficiency of welded joints, 
material consumption, productivity and durability of struc-
tures were analysed (Kou, 2003; Mishra & Ma, 2005). The 
quality of joints, mechanical properties of materials, cost 
of welding materials, energy consumption, speed of work 
and durability of joints were evaluated.

Special attention was paid to comparing the econom-
ic efficiency of automated and conventional technologies. 
The use of automated systems helped to reduce the cost 
of materials and labour, decrease welding time, and reduce 
the number of defects, which confirmed the economic fea-
sibility of their introduction in the energy industry.

RESULTS
Analysis of modern welding methods 
at power facilities
In modern energy production, where quality and safety re-
quirements are extremely high, welding has become one of 
the main processes for connecting metal structures. The 
use of the latest welding methods, such as argon-arc, la-
ser and electric arc welding, allows providing high-quality 
joints that can withstand significant mechanical loads and 
temperature fluctuations characteristic of energy facilities.

The process of reconstruction of heat exchangers and 
hot water pipelines at power facilities involved the use of 
automated welding systems to replace damaged or worn 
sections. In such operations, welding accuracy, tempera-
ture control, and ensuring minimal interference with the 
surrounding infrastructure remained critical. Automated 
systems equipped with modern robotic heads provided 
high-quality connections even in hard-to-reach places, 
which made it possible to avoid additional costs for dis-
mantling equipment or expanding access to repair areas. 
Table 1 shows the main parameters used for various weld-
ing methods in power plants. The choice of welding meth-
od depends on the characteristics of each specific process 
and the requirements for the strength and tightness of 
the joints.
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Automation of welding processes has a significant im-
pact on improving productivity and reducing costs in ener-
gy enterprises. The use of robotic systems for welding oper-
ations ensures high accuracy, process stability, and reduces 
the risk of weld defects. This allows reducing the amount 
of waste and improving the quality of finished products, 
which is an important factor in a competitive environment. 
One of the key aspects of automated welding was to en-
sure proper thermal impact on the metal in the seam area. 
This parameter directly affected the quality, strength, and 
durability of the joint. Equation (1) was used to estimate 
the heat output that was released during welding. Auto-
mated systems allowed precisely adjusting the parameters 
V, I, and U, ensuring even heat distribution and preventing 
overheating or insufficient melting of the material. For ex-
ample, in the case when V = 0.02 m/s, I = 200 × A, U = 24 × V, 
the heat output was calculated by equation (1):

Q = 0.02×200
24 = 0.167  .

Value Q determined the optimal welding mode in 
which the metal in the seam area melted enough to form a 
strong and stable joint. The use of automated systems also 
reduced the risk of defects such as pores, cracks, or uneven 
joints, which could reduce the reliability of the pipeline. 
Evaluation of the economic efficiency of using automat-
ed welding technologies in comparison with conventional 
methods in the operating conditions of power systems has 
shown significant advantages of automation. In particu-
lar, the introduction of automated welding systems has 
reduced the cost of welding operations. According to the 
calculations, the use of automated technologies reduces la-
bour costs by 30-40%, since the need for numerous workers 
to perform welding operations decreases. This was made 
possible by reducing the time required to perform opera-
tions, which reduces the number of hours spent welding a 
single object (Bulganbayev et al., 2024). Analysis of techni-
cal reports showed that the quality of joints and mechan-
ical properties of materials depend on the selected weld-
ing technology and process parameters. The speed of work 
and durability of joints can be improved by optimising the 
welding process (Mishra & Ma, 2005).

Material costs were also significantly reduced when 
using automated systems. Due to the accuracy and stability 
of welding processes, automated methods can reduce ma-
terial waste by 15-20% compared to conventional methods, 
where a significant part of the materials goes to joints with 
defects. Automation also reduced energy consumption by 

10-15%, as the systems optimise welding parameters and 
operate without constant operator intervention. In addi-
tion, automated welding technologies have shown higher 
productivity compared to conventional methods. Welding 
time was reduced by 25-30%, which allows increasing the 
number of completed works per unit of time. As a result, 
the total cost of performing welding operations was re-
duced by 20-25%, which makes the use of automated tech-
nologies economically feasible in the long term for energy 
enterprises (Curiel et al., 2023; Chukwunweike et al., 2024).

Automated welding technologies, such as submerged 
arc welding or tungsten inert gas (TIG) welding, have been 
widely used to restore heat exchangers. Submerged arc 
welding provided better protection against metal oxida-
tion, while TIG welding allowed extremely precise seams, 
which is especially important in cases of working with 
thin-walled pipes. The use of automated welding systems 
in the reconstruction of heat exchangers helped only to im-
prove the quality and durability of connections, but also to 
minimise the impact of the human factor on the process. 
This helped to reduce the time required for repairs, reduce 
operating costs, and ensure stable operation of hot water 
supply systems at power facilities.

Calculation and optimisation 
of thermal parameters of the welding process
One of the most important aspects of optimising the weld-
ing process is the calculation of thermal parameters. They 
depend on many factors, such as the type of welding ma-
chine, the material of the workpiece, and the welding mode. 
The correct choice of these parameters allows minimising 
thermal deformations and ensuring the necessary strength 
of joints with minimal energy costs.

TPP steam pipelines are key elements of the energy 
infrastructure, through which heat energy is transferred 
in the form of steam to turbines. The high pressures and 
extreme temperatures in which these systems operate cre-
ate an increased load on materials, which requires periodic 
maintenance and repair to prevent accidents. In such con-
ditions, modern automated welding technologies are of 
particular importance, which ensure high quality of con-
nections and long-term operation of equipment. The use 
of these technologies allows not only extending the service 
life of steam pipelines, but also minimising downtime of 
power plants during repair work. Steam pipelines at ther-
mal power plants are an important element of infrastruc-
ture that ensures the transportation of steam under high 
pressure and temperature to turbines. High temperature 

Table 1. Welding parameters for different methods

Welding method Strength of current (A) Voltage (V) Welding temperature 
(°C)

Welding seam 
parameters

Submerged arc welding 150-250 22-32 2,000-2,500 High corrosion resistance
TIG welding 100-200 10-20 1,500-2,200 High accuracy

Plasma welding 100-300 20-40 2,000-3,000 Minimal deformations
Laser welding 50-150 5-15 2,500-3,000 High speed

Source: compiled by the authors based on B. Bagheri et al. (2021)
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and mechanical loads create conditions in which met-
al joints can lose strength over time, which increases the 
risk of accidents. Therefore, the repair of steam pipelines 
is critical for ensuring the safety and efficiency of thermal 
power plants. Automated welding systems, in particular, 
submerged arc welding, allow creating high-quality seams 
with controlled properties. Submerged arc welding ensures 
uniform heating and melting of the metal, and also pro-
tects the welding area from oxygen and moisture, which 
significantly increases the strength and durability of joints.

During the repair of steam pipes, the strength of the 
weld is estimated by calculating the stress in the material 
using equation (2). For example, if a force F = 1,000 N is ap-
plied to the weld and the cross-sectional area of the joint is 
A = 0.005 m2, the voltage is determined by the equation (2):

0.005 ∂  = 1.000 = 200  .

The obtained voltage value ∂ = 200 MPa demonstrates 
that the weld can withstand significant mechanical loads 
characteristic of the operating conditions of steam pipe-
lines. This ensures high structural reliability even when ex-
posed to extreme temperatures and pressures. Advantages 
of automated welding systems:

1. High precision and quality. Automated systems en-
sure uniform heat distribution, which minimises the devel-
opment of microcracks in the joints.

2. Reduced repair time. The use of automation signif-
icantly speeds up the welding process, which is important 
for reducing downtime of power plants.

3. Reduced human factor. Automated welding systems 
reduce the risk of errors caused by operator fatigue or in-
experience. 

4. Improved corrosion resistance. Submerged arc weld-
ing creates joints with high corrosion resistance, which is 
crucial for the operation of steam pipes in aggressive envi-
ronments (Ren & Skilton, 2024).

The use of automated welding systems for the repair of 
steam pipelines at thermal power plants helps to increase 
operational reliability and extend the service life of equip-
ment. Mathematical calculation confirmed that the welds 
made using modern technologies can withstand significant 
loads, ensuring uninterrupted operation of power plants 
in difficult conditions. Main pipelines designed to trans-
port oil, gas, and other fuels required maximum tightness 
and strength of welded joints. Automated welding systems 
helped to minimise the human factor during operation, 
ensuring uniformity and high quality of seams. This was 

critical to preventing leaks that could lead to serious envi-
ronmental disasters and economic losses.

The tightness of main pipelines was estimated using 
equation (3). This coefficient of efficiency of the welding 
process allowed assessing how effectively the pipeline re-
tains pressure after welding. For example, if the inlet pres-
sure was Pin

 = 2.5 MPa and output Pout
 =  2.45 × MPa, then:

μ = 2.45
2 .5 =≈ 0.98  .

The value μ = 0.98 indicated that the pressure loss was 
minimal and the tightness of the weld met the standards 
required for fuel transportation. Modern automated weld-
ing systems used methods such as submerged arc welding, 
laser or plasma welding, which ensured the accuracy and 
constancy of the welding process parameters. In addition, 
before starting operation, the restored pipeline sections 
underwent additional leak tests using hydrostatic testing 
to confirm the reliability of the connections in real-world 
operating conditions. The introduction of automated tech-
nologies in the restoration of main pipelines has helped to 
improve environmental safety, reduce repair costs and the 
risk of accidents. This made such systems indispensable in 
the field of transportation of energy resources.

NPP cooling systems are among the most critical 
components that ensure the safety of reactors and other 
functions necessary for the normal operation of the plant. 
The main requirements for these systems are high tight-
ness and strength of pipeline connections, which ensures 
efficient cooling of the reactor and prevents leaks of radio-
active materials. Automated welding technologies, in par-
ticular laser welding, occupy a special place in the restora-
tion of NPP cooling pipelines. Laser welding ensures high 
accuracy and cleanliness of the joints, which are necessary 
to ensure tightness. Based on the use of laser technologies, 
it is possible to avoid microcracks in welded joints, which 
can lead to leaks. In addition, laser welding allows perform-
ing high-precision welding, which is necessary for working 
in high-pressure and temperature conditions typical of nu-
clear power plant cooling systems.

These technologies minimise the risk of radiation 
leakage, as they reduce the likelihood of defects in welds 
that can cause radiation leaks. In addition, the use of laser 
welding guarantees high durability of the pipeline struc-
ture, which is important for the smooth and safe operation 
of nuclear power plants in the long term (Li et al., 2023). 
Table 2 contains the key characteristics of welding techno- 
logies for different types of pipelines.

Table 2. Comparison of welding technologies for different types of pipelines

Pipeline type Welding technology Performance parameters Notes

TPP steam lines Submerged arc welding High joint strength, resistance 
to temperatures up to 600°C

Provides high resistance to corrosion 
and thermal loads

Hot water heat exchangers and 
pipelines TIG welding Welding accuracy, minimal 

deformations
Used in confined spaces, minimises 

heat exposure
Main pipelines for fuel 

transportation
Submerged arc welding, 

laser welding
Tightness, joint strength, leak 

reduction
Tightness is important to avoid fuel 

leaks
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A comparison of welding technologies used in various 
types of pipelines at power facilities was considered, and 
the efficiency of laser welding in the context of nuclear 
power plants was analysed.

Economic and technical advantages 
of implementing automation in welding production
Investing in automated welding systems offers significant 
technical and economic benefits. Firstly, automation al-
lows reducing the time required to perform welding oper-
ations, which helps to increase the overall productivity of 
the enterprise. Secondly, automated technologies reduce 
the impact of the human factor, which minimises the num-
ber of errors and defects, thereby increasing the quality and 
reliability of products.

Welding technologies, such as laser welding, play a 
critical role in ensuring the safety and reliability of nucle-
ar power plant cooling systems. They allow achieving high 
tightness of joints, minimise the risk of radiation leaks, 
and ensure the durability of structures. A comparison of 
welding technologies shows that laser welding is one of the 
most effective methods for restoring NPP pipelines, since it 
ensures the accuracy and cleanliness of welds, which is es-
pecially important in conditions of high temperatures and 
pressures. Laser welding technologies are also essential for 
improving the durability and reliability of all critical com-
ponents of power systems. 

The growing use of alternative energy sources, in par-
ticular biogas, poses new challenges for engineers to design 
and maintain efficient and safe pipelines for transporting 
these energy carriers (Iskandarov & Baghirov, 2022). Bio-
gas, as one of the most promising sources of energy, plays 
an important role in the development of renewable energy 
systems, due to its accessibility, environmental cleanliness 
and the ability to reduce greenhouse gas emissions. How-
ever, although biogas has many advantages, its transporta-
tion requires particularly high standards of tightness and 
reliability of pipelines (Doroshenko et al., 2023). The main 
problem is the chemical composition of biogas, which con-
tains methane (CH4), carbon dioxide (CO2), water vapour, 
and trace amounts of hydrogen sulphide (H2S) and ammo-
nia (NH3). These components can have an aggressive effect 

on pipeline materials, causing them to corrode and reduc-
ing the durability of pipes. Special materials and state-of-
the-art welding technologies, such as automated welding 
systems, are used to ensure proper tightness of pipelines, 
especially in high temperature and pressure conditions. 
These technologies ensure welding accuracy and high 
quality of joints, which is critical for preventing leaks and 
ensuring the reliability of pipelines during biogas trans-
portation. The use of automated welding technologies can 
reduce the risks of the human factor, increase efficiency 
and ensure the stability of the quality of joints. In addition, 
such systems allow controlling welding processes, min-
imising the possibility of defects such as cracks or pores 
that can lead to biogas leaks (Berx et al., 2022).

A special feature of biogas pipelines is the increased 
requirements for their tightness, since even minor leaks 
can lead to dangerous situations, such as explosions or 
environmental pollution. The use of automated weld-
ing technologies is an important step in meeting these 
requirements. Robotic welding systems can significant-
ly reduce the risk of human errors that can occur during 
manual welding, such as incomplete connection or uneven 
heating of the seam, which increases the likelihood of de-
fects. The use of automated systems allows controlling the 
entire welding process, ensuring stable quality of welds, 
and also guarantees accurate heat dosing, which is nec-
essary to create a uniform seam. An important aspect 
is the possibility of using such technologies in hard-to-
reach places, which allows quickly reconstructing existing 
pipelines without the need for significant volumes of dis-
mantling and replacement of pipes (Hicks et al., 2022). Re-
ducing the impact of the human factor also has a positive 
impact on the economic aspects of projects, as it reduces 
the amount of labour costs, and reduces the likelihood of 
errors that may require expensive corrections in the fu-
ture. Robotic welding in bioenergy can significantly reduce 
pipeline maintenance costs, which has a positive impact 
on the overall efficiency of projects in the energy sector. 
Automation of this process also increases the speed of 
pipeline repair and reconstruction, which is especially im-
portant for ensuring uninterrupted operation of bioenergy 
plants (Table 3).

Pipeline type Welding technology Performance parameters Notes

NPP cooling systems Laser welding No microcracks, high tightness 
requirements

Minimises radiation leaks, ensures 
durability of joints

Alternative energy pipelines Robotic welding Welding speed and accuracy, 
saving time

Used for rapid reconstruction of 
pipelines in bioenergy installations

Water supply pipelines for 
energy facilities

Manual welding, 
automated welding

Resistance to corrosion, water 
shocks

High strength to ensure 
uninterrupted water supply

Continued Table 2. 

Source: compiled by the authors based on M. Alarcón et al. (2021), S.M. Senthil et al. (2022)

Table 3. Parameters of automated welding processes in the reconstruction of pipelines of alternative energy sources

Parameter Description

Welding type Use of robotic welding systems to ensure high accuracy and repeatability of joints, which reduces the risk of defects
Advantages of 

automation
Reduction of the impact of the human factor, improvement of efficiency and accuracy, reduction of the time 

required to complete work, ensuring stable quality
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Modernisation of water supply pipelines at energy fa-
cilities is an important aspect for maintaining the stable 
operation of all systems of an energy enterprise. Water at 
such facilities is used not only for cooling equipment, but 
also for technological processes, sanitation, and other pur-
poses. Due to the high requirements for the safety, relia-
bility, and resistance of pipelines to external and internal 
loads, it is necessary to regularly modernise water supply 
systems (Hrytsanchuk  et al.,  2023). Automated welding 
technologies play a key role in pipeline modernisation, as 
they provide high welding accuracy, which is crucial for 
ensuring strong and tight connections. One of the main 
advantages of automated welding is the ability to create 
seams that are free of defects such as pores, cracks or une-
ven material distributions, which reduces the risk of pipe-
line damage during operation (Liu et al., 2022a).

Modernisation of water supply pipelines at power 
facilities includes the use of welding to replace old pipe-
lines, and to create new connections. An important aspect 
is that when upgrading pipelines, it is necessary to con-
sider the possibility of corrosion on the metal parts of 
structures. To ensure high resistance to corrosion, special 
materials and welding techniques are used to reduce the 
impact of aggressive media, such as water with a high con-
tent of chemical impurities. In addition, automated weld-
ing allows connecting pipelines, considering the optimal 
mechanical characteristics of the materials used for their 
manufacture. Welding performed by automated systems 
has high stability, which reduces the likelihood of mechan-
ical damage to pipelines during operation. Calculations of 
the optimal mechanical characteristics of connections can 
ensure resistance to internal loads and increase the dura-
bility of water supply pipelines. Due to automated welding, 
the modernisation of water supply pipelines ensures high 
resistance of pipelines to corrosion, which is especially 
important for energy facilities, where any malfunctions of 
the water supply system can lead to serious consequenc-
es. The use of automated welding systems reduces the 
cost of maintenance and modernisation of pipelines, and 
increases their service life (Prodous et al., 2024). The use 
of automated welding technologies for the reconstruction 
of pipelines of biogas and water supply systems at energy 
facilities is a key factor in ensuring the reliability and safe-
ty of these infrastructures. Robotic systems can reduce the 
impact of the human factor, which significantly improves 
welding accuracy and reduces the risk of defects. Modern-
isation of pipelines using automated welding technologies 

ensures high mechanical characteristics of joints, which 
increases their resistance to external influences, such as 
corrosion, and increases the durability of pipelines. Based 
on the use of these technologies, an efficient and cost-ef-
fective solution is provided for the modernisation of water 
supply systems and pipelines of alternative energy sources, 
which is important for the stable operation of energy facil-
ities and reducing maintenance costs.

DISCUSSION
The use of automated welding processes in the restoration 
of pipelines of power facilities is an important step in en-
suring the reliability and safety of power systems. Pipelines 
at facilities such as thermal and nuclear power plants, and 
alternative energy facilities, face high requirements for 
tightness, strength, and durability. Automation of welding 
processes ensures high accuracy of welding joints, which is 
especially important in conditions where even minor de-
fects can lead to serious consequences, such as fuel leaks 
or radiation leaks.

One of the key advantages of automated welding sys-
tems is the reduction of the human factor. Manual welding 
can lead to significant errors due to operator fatigue or lack 
of proper control over the process parameters. At the same 
time, automated systems ensure the stability and accuracy 
of each weld. This is important for pipelines operating in 
high temperatures, pressures, or aggressive environments, 
such as nuclear power plant cooling systems or pipelines 
for transporting biogas in bioenergy plants (Ismayilov  et 
al., 2020; Valovoi et al., 2022).

This problem was also investigated by X.  Zhang  et 
al. (2024), who confirmed that automation in welding pro-
duction significantly improves the accuracy and stability of 
processes. The use of robotic systems and automated weld-
ing machines allows achieving high accuracy in controlling 
temperature, speed, and other important parameters that 
determine the quality of the weld. The use of sensor tech-
nologies and feedback systems helps to constantly monitor 
welding parameters in real time, reducing variability and 
ensuring constant high quality. This is especially impor-
tant in industries where the accuracy and stability of weld-
ing processes are critical, such as in the aviation or auto-
motive industries. The study by R. Chakradhar et al. (2022) 
also showed that reducing the human factor in welding 
processes also contributes to improving welding quality. 
The human factor can lead to errors in settings, inaccura-
cies in performing operations, or physical fatigue, which 

Parameter Description
Pipeline 

materials
Application of special alloys and materials that are resistant to corrosion and mechanical loads, which increase the 

durability of pipelines
Key success 

factors Welding quality control, seam accuracy, efficiency of technologies used, adaptation to specific operating conditions

Application Transportation of biogas and other renewable energy sources through pipelines in bioenergy plants

Risks High pressure and aggressive properties of biogas can lead to leaks; the need to ensure tightness and strength of 
compounds

Continued Table 3. 

Source: compiled by the authors based on L. Hart et al. (2023)
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affects the final result. Automation eliminates these risks, 
as robots and automated systems are not subject to fatigue 
and do not allow errors due to subjective factors. This re-
duces the number of defects and increases the durability 
and reliability of welded joints, which is especially impor-
tant in highly responsible industries where every defect 
can lead to serious consequences. It is worth noting that 
automation in welding production not only increases accu-
racy and stability, but also reduces the cost of materials and 
energy by optimising processes. Robotic systems can auto-
matically adjust parameters in real time, ensuring welding 
with minimal waste and energy costs. This helps to reduce 
the cost of production, making processes more cost-effec-
tive and efficient for enterprises. On the other hand, it is 
worth noting that although automation significantly re-
duces the impact of the human factor, an important role is 
still played by qualified specialists who are responsible for 
setting up and monitoring automatic systems. Therefore, 
although automation significantly improves welding qual-
ity, the need for technical supervision and maintenance of 
robotic lines remains an important component to ensure 
the continuity and reliability of production processes.

M. Iqbal et al.  (2023) concluded that the use of vari-
ous welding methods in pipeline restoration ensures high 
quality and durability of joints, especially in aggressive 
environments. Innovative methods, such as welding under 
water or using high-temperature methods, allow repairing 
pipelines even in hard-to-reach places. Based on the use of 
the latest materials and technologies, such as laser weld-
ing and ultrasonic methods, it is possible to significantly 
reduce the likelihood of defects and ensure high resist-
ance of welds to corrosion and mechanical damage. The 
study by S. Gbagba et al. (2023) found that in the field of 
energy facilities, specialised welding technologies play a 
key role in ensuring the reliability and safety of structures 
operating under high loads and temperatures. The use 
of welding methods such as TIG or metal inert gas (MIG) 
allows achieving precision and purity of joints, which is 
critical for power equipment. These methods ensure high 
strength of welds, which, in turn, reduces the likelihood of 
accidents and breakdowns, and also allows extending the 
service life of power facilities, reducing the cost of their 
maintenance and modernisation. These results support 
the above study, as they demonstrate the effectiveness of 
using innovative and specialised welding technologies to 
improve the quality of joints in difficult operating condi-
tions. For example, the use of laser welding and ultrasonic 
technologies in pipeline restoration processes can signif-
icantly reduce the likelihood of defects, such as cracks or 
pores, which can affect the reliability and durability of 
connections. This confirms the importance of investing 
in modern welding technologies to ensure efficient and 
safe infrastructure operation. In addition, the results also 
confirm that specialised welding techniques used at pow-
er facilities are capable of providing high weld strength, 
which is critical for facilities exposed to high loads and 
temperatures. This helps to mitigate the risks of accidents 

and malfunctions and reduces maintenance costs, which 
is especially important for the long-term and economical 
operation of energy facilities.

It is necessary to emphasise the study by S.  Schu-
macher et al. (2022), who also found that one of the main 
problems associated with the introduction of automated 
welding systems is their high cost and limited availabili-
ty, especially for small and medium-sized enterprises. The 
cost of such systems includes not only the cost of purchas-
ing the equipment itself, but also its installation, config-
uration and maintenance. In addition, regular investment 
in software and hardware support is necessary to ensure 
the proper efficiency of automated systems. This can be a 
financial barrier for many companies looking to modern-
ise their welding processes. In turn, Q.  Guo  et al.  (2024) 
concluded that the need for highly qualified personnel to 
work with new technologies is also an important challenge. 
Automation of welding processes requires employees not 
only knowledge in the field of welding, but also the ability 
to work with modern equipment, including working with 
robotic systems, setting parameters, and monitoring the 
operation of automated lines. Insufficient skills of employ-
ees can lead to a decrease in the efficiency of systems or 
to technical problems. Therefore, for the successful imple-
mentation of innovative welding technologies, it is neces-
sary to create training and retraining programmes that will 
ensure proper operation of new equipment. These data are 
consistent with the theses given in the previous section, 
as they confirm the importance of investing in welding au-
tomation to improve their efficiency and quality. However, 
as practice shows, high costs for the implementation and 
maintenance of automated systems create barriers to their 
widespread use, especially for small and medium-sized en-
terprises, which restricts access to the latest technologies. 
This confirms the need to find optimal solutions to ensure 
the availability of such systems, for example, through gov-
ernment support or equipment rental. In addition, as noted 
in the previous section, successful implementation of auto-
mated technologies is impossible without appropriate per-
sonnel qualifications. The data confirming the importance 
of highly qualified specialists for working with new welding 
systems once again emphasise the need to develop training 
programmes and retrain employees in the field of automa-
tion and robotisation of welding processes. This will ensure 
not only efficient use of technologies, but also increase the 
safety and reliability of welding operations.

A.S. Buang et al. (2024) also conducted a study, the re-
sults of which confirmed that the future of welding auto-
mation in the energy industry looks extremely promising, 
as with the development of technology, the need to im-
prove the accuracy and efficiency of welding processes at 
energy facilities increases. Given the high loads and safe-
ty requirements, automated welding systems can provide 
significantly higher accuracy than conventional methods, 
which is crucial for preventing defects and accidents. The 
use of robotic systems allows reducing the time required 
to perform welding operations, reduce the likelihood of 
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human error, and ensure the continuity of production pro-
cesses even in difficult conditions (Andrienko & Tsybul-
skiy,  2024). The introduction of the latest technologies, 
such as artificial intelligence for monitoring and analysing 
welding quality in real time, also opens up new opportu-
nities for optimising and controlling processes. Q.  Liu  et 
al. (2022b) also found that one of the main areas of devel-
opment of automated welding technologies is to improve 
their availability and efficiency. As the cost of components 
decreases and technical solutions improve, automation will 
become more accessible to more enterprises, which will 
contribute to the spread of these technologies in various 
industries, in particular in the energy sector. In particular, 
portable automated systems that allow welding operations 
to be carried out directly on the ground are subject to de-
velopment, which significantly reduces the cost of trans-
portation and storage of equipment. In the future, it is also 
expected to develop the integration of automated systems 
with other production processes, which will optimise the 
operation of enterprises, increase productivity, and reduce 
the risks associated with the human factor. The findings 
indicate that automation of welding processes not only 
improves quality and safety, but also opens up new oppor-
tunities for the development of the industry in the face of 
modern requirements. Comparing the data obtained in the 
course of research, it can be concluded that automation of 
welding processes significantly increases efficiency and 
safety at energy facilities. A comparison of the results of 
using conventional welding methods and robotic systems 
shows a significant reduction in the number of defects and 
an increase in the accuracy of connections. This confirms 
that automation can provide significantly higher process 
stability, which is especially important for ensuring the 
safety and reliability of power systems. However, despite 
the obvious benefits, the cost of implementing such tech-
nologies remains a significant barrier for many businesses. 
A comparison of data on the availability and efficiency of 
automated technologies also indicates a tendency to grad-
ually reduce the cost of equipment due to technology de-
velopment and mass production. This, in turn, opens up 
new prospects for the use of automated welding systems 
not only at large power facilities, but also at smaller en-
terprises. Given this trend, it can be expected that in the 
coming years automation will become more affordable 
for medium-sized enterprises, which will significantly in-
crease the efficiency of production processes and reduce 
dependence on the human factor.

J.  Kahnamouei & M.  Moallem  (2024) concluded that 
automation of welding processes has a significant impact 
on the efficiency of pipelines, since it can significantly im-
prove the quality of welded joints, which is critical for the 
durability of pipelines. The use of automated systems en-
sures the stability of the welding process, minimising the 
likelihood of human errors that can lead to defects in the 
joints, such as cracks or pores. This is especially impor-
tant for pipelines transporting energy or chemicals, where 
any defects can lead to accidents or leaks. Automation 

also allows achieving greater accuracy in the execution of 
welding seams, which guarantees their high strength and 
resistance to loads and corrosion, thereby increasing the 
service life of pipelines. H. Hrinchenko et al. (2023) found 
that ensuring the reliability and safety of energy facili-
ties through welding automation is an important compo-
nent of their operation. High accuracy and quality control 
of welding in automated systems ensure the strength of 
joints operating under high temperatures and pressures, 
which is especially important for power facilities such as 
thermal power plants or nuclear power plants (Ismay-
ilov et al., 2021). Automated technologies allow constantly 
monitoring the welding process in real time, which allows 
quickly identifying and eliminating possible defects even 
before they cause serious problems. This significantly re-
duces the risk of accidents and increases the level of safety 
at facilities that require the highest standards of reliabil-
ity and control. When analysing the results of the study, 
it is clear that automation of welding processes has a 
significant impact on improving the efficiency and safe-
ty of pipelines, which is especially important for energy 
facilities. Research data show that automated welding 
systems provide higher accuracy and stability of welding 
seams, which reduces the risk of defects and, accordingly, 
increases the reliability of pipelines in the long term. This 
is an important factor for ensuring the smooth operation 
of power facilities, in particular, those that are exposed to 
high loads and aggressive environments. The results also 
show that welding automation significantly improves the 
level of safety at power facilities, reducing the likelihood 
of accidents and unforeseen situations. Systems that au-
tomatically monitor the welding process in real time allow 
quickly detecting and correcting even minor deviations, 
thereby preventing possible catastrophic consequences. 
This confirms the importance of investing in innovative 
technologies to ensure safety and efficiency in the ener-
gy industry, especially in environments that require high 
standards of reliability and accuracy.

CONCLUSIONS
The use of automated welding processes in the restoration 
of pipelines of power facilities has demonstrated significant 
potential for improving the efficiency, quality and safety of 
repair and modernisation works. The analysis showed that 
welding automation ensures high accuracy of joints, min-
imises the likelihood of defects, and reduces the time of 
work, which is critical for the infrastructure of power facil-
ities. It was established that specialised methods of auto-
mated welding are used for various types of pipelines, such 
as main oil and gas lines, NPP cooling systems, heat sup-
ply networks and pipelines of alternative energy sources.

Among the advantages of automation, a reduction in 
the influence of the human factor was noted, which helps 
to increase the stability of technological processes and re-
duce the risk of accidents. Automated systems also reduce 
the cost of operating pipelines in the long term by improv-
ing the reliability and durability of structures. The results 
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highlight the importance of implementing automated 
welding processes to reduce environmental risks associat-
ed with leaks or accidents at energy facilities. This allows 
ensuring high quality of service for critical infrastructure 
elements and contributes to their compliance with modern 
standards of energy efficiency and environmental safety.

The results of the study confirmed the high efficien-
cy of automated welding technologies for restoring pipe-
lines of power facilities, especially under high temperature 
and mechanical loads. In the course of the study, the tasks 
set were achieved, which provided a number of important 
conclusions. A study of the use of automated systems has 
shown that such technologies provide high welding accura-
cy even in severe operating conditions. For NPP pipelines, 
laser welding has allowed achieving sealed and durable 
connections, which helps to increase the level of safety.

Process automation has significantly improved the 
quality of welded joints. The use of robotic systems reduc-
es the likelihood of human error, which reduces the risk 
of defects such as microcracks or pores in the metal. The 

results showed that automated methods contribute to a 
longer service life of pipelines, reducing the frequency of 
accidents. Automated welding technologies have demon-
strated high economic profitability compared to conven-
tional methods. Reducing repair time and maintenance 
costs, and increasing pipeline durability help to optimise 
costs. The analysis confirmed that the introduction of such 
technologies is financially justified even for large-scale 
projects. Thus, the use of automated welding processes is 
a necessary condition for ensuring the reliability, quality, 
and efficiency of pipelines of power facilities. Further de-
velopment and adaptation of these technologies to new 
conditions will contribute to their widespread use, which 
is important for improving the country’s energy security.
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Застосування автоматизованих зварювальних процесів  
при відновленні трубопроводів енергетичних об'єктів

Анотація. Мета роботи дослідити ефективність автоматизованих зварювальних процесів у відновленні 
трубопроводів енергетичних об'єктів з акцентом на підвищення надійності та скорочення часу ремонту. У 
дослідженні було використано аналіз технічної літератури, практичних кейсів та результати експериментального 
впровадження автоматизованих зварювальних технологій на енергетичних об’єктах. Встановлено, що автоматизовані 
зварювальні процеси забезпечують високу якість зварних з'єднань у трубопроводах енергетичних об'єктів, що значно 
знижує ймовірність виникнення дефектів. Було підтверджено, що використання сучасних зварювальних технологій 
сприяє підвищенню корозійної стійкості швів та їх здатності витримувати високі навантаження. Автоматизація 
процесів виявилася ефективною для забезпечення стабільних характеристик зварювання, навіть за складних умов 
експлуатації. З'ясувалося, що автоматизовані системи зменшують вплив людського фактору, підвищуючи безпеку та 
надійність виконання робіт. Дослідження також показало, що автоматизовані технології сприяють раціональному 
використанню енергоресурсів під час зварювання, мінімізують витрати на експлуатацію обладнання та забезпечують 
відповідність відновлених трубопроводів сучасним технічним і екологічним стандартам. Впровадження цих 
технологій сприяє оптимізації ремонтних робіт, зменшенню їх тривалості та підвищенню довговічності 
трубопроводів. Це підтвердило доцільність використання автоматизованих зварювальних процесів для відновлення 
інфраструктури енергетичних об'єктів. Визначено, що автоматизовані процеси дозволяють забезпечити високу 
точність зварювання, що є критичним для роботи трубопроводів під високим тиском. Дослідження показало, 
що такі технології сприяють зменшенню витрат матеріалів за рахунок мінімізації кількості дефектів. Крім того, 
впровадження автоматизації виявилося ефективним інструментом для підвищення продуктивності ремонтних 
робіт та забезпечення стабільної роботи енергетичних систем у довгостроковій перспективі

Ключові слова: корозійна стійкість; високі навантаження; людський фактор; безпека; енергоресурси; екологічні 
стандарт
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