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Article 
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Faculty of Geoengineering, Mining and Geology, Wroclaw University of Science and Technology, Na Grobli 15 
St., 50-421 Wrocław, Poland 
* Correspondence: aleksandra.rzeszowska@pwr.edu.pl 

Abstract: The growing cost and complexity of conveyor belt manufacturing, driven by the increasing 
price of raw materials and extended global supply chains, have led to a decline in belt durability and 
availability. In this context, condition-based maintenance (CBM) supported by in-situ diagnostics and 
non-destructive testing (NDT) becomes critical for sustaining operational efficiency. This study 
presents a case from Polish lignite mines, where traditional refurbishment practices lacked precise 
diagnostic tools, leading to untimely belt disassembly. The implementation of the DiagBelt+ sensor-
based diagnostic system, enabling real-time evaluation of belt core condition directly on conveyors, 
has significantly improved refurbishment success rates and optimized belt lifecycle management. 
The research highlights how sensor-integrated monitoring systems support predictive maintenance, 
reduce unnecessary replacements, and contribute to circular economy strategies by extending the 
service life of conveyor belts. 

Keywords: conveyor belt; refurbishment; predicting maintenance; condition monitoring; circular 
economy 
 

1. Introduction – Global Conveyor Belt Market 

Belt conveyors are mechanical systems consisting of continuous belt loops used for transporting 
bulk or unit materials over short to long distances, including within buildings, storage yards, 
assembly lines, and supply chains—sometimes across hundreds of kilometers [1,2]. 

The transported material rests on the belt's top cover and is driven by pulling forces within the 
core. The system typically consists of at least two pulleys, one of which drives the loop. Due to the 
low belt-to-material mass ratio, conveyor belts are among the most cost-effective transportation 
systems [3]. Their versatility makes them widely used in mining [4], cement manufacturing [5], power 
generation [6,7], recycling [8], metal processing, chemicals [9], oils, gases, food and beverage 
processing [10], general manufacturing, supply chain, automated distribution, warehousing [11], 
airports [12], and other sectors. Increasing deployment of belt systems contributes to reducing 
production costs, supporting overall market growth. 

This growth is further fueled by technological advances, rising demand for automation, and the 
need for condition monitoring, diagnostics, and environmental sustainability. Electric-powered 
conveyors are also considered more eco-friendly than fossil-fuel alternatives. Despite market 
expansion, challenges remain—especially for small and medium enterprises—due to high belt 
procurement, installation, and maintenance costs, exacerbated by rising electricity prices, particularly 
in the European Union. Solutions such as belt refurbishment [13–15], energy-saving belts [16,17] and 
structures [18–20] and intelligent management strategies [21,22] are gaining importance. 

The market includes textile-reinforced belts, steel cord belts, and solid woven types [23,24]. 
Textile belts (EE and EP) are projected to remain dominant due to their cost-effectiveness. Steel cord 
belts are favored in mining for their superior impact resistance and strength [25–27], though rising 
steel prices affect market value.  
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While growing demand is expected in developing countries, the shift away from coal-fired 
power in industrialized nations presents a challenge. Conveyor belts, especially heavy-duty ones, 
require large quantities of raw materials, which account for 70–75% of total production costs and 
strongly influence product quality [28]. 

Market size estimates vary widely, ranging from over $3 billion in 2020 to $11.5 billion by 2030, 
with projected CAGR between 3.74% and 5.9%. These discrepancies stem from differing 
methodologies and segmentation criteria (e.g., belt types, construction materials, applications, and 
geography), as illustrated in  

. 

 
Figure 1. Global conveyor belt market size and forecasted growth measured in billion dollars. The Compound 
Annual Growth Rate (CAGR) of the belt market growth between 2023 and 2032 are given along with the names 
of market research firms and the date of report publication. 

As belts are the costliest component of conveyor systems, their condition must be closely 
monitored. Predictive diagnostics and preventive replacement strategies not only reduce downtime 
but also promote material reuse and sustainability. 

This study investigates the economic effectiveness of preventive belt replacement within 
refurbishment processes. The approach has been successfully implemented in Polish lignite mines 
for over 50 years. The research hypothesis posits that such strategies improve economic efficiency 
and support sustainable raw material management. 

2. Strategy of Belt Replacements 

The market value of conveyor belts includes both the installation of new belts on investment 
conveyors and the replacement of worn sections on existing ones. A belt loop on long conveyors 
consists of multiple spliced sections (vulcanized, adhesive, or mechanical). New loops are built from 
the longest possible sections to minimize the number of splices, which represent structural weak 
points. Belts are typically delivered on single (250–400 m) or double reels (up to 700+ m). During 
operation, damaged segments or joints are replaced, gradually shortening section lengths and 
increasing the number of splices over time [29]. This process is referred to as belt renewal [30–32], 
which may involve new, less worn, or refurbished belts.  

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 3 April 2025 doi:10.20944/preprints202504.0274.v1

https://doi.org/10.20944/preprints202504.0274.v1


 3 of 16 

 

Belt degradation is influenced by many factors: conveyor design, belt construction, material 
type, working conditions, and operational regime [33–37]. Because these factors interact dynamically 
over time, belt lifetime is difficult to predict and should be treated as a random variable. Attempts to 
model belt durability based on operational statistics remain limited due to complexity, subjective 
replacement decisions, and inadequate metrics (e.g., calendar time instead of effective operational 
hours or transported mass) [38–41]. As a result, belt durability varies significantly, and its evaluation 
requires multicriteria analysis [42–45]. 

Furthermore, unit costs of belts with identical specifications may vary twofold. A lower price 
typically reflects lower material quality, but a high price doesn’t guarantee longer lifespan. Without 
predictive tools, durability cannot be reliably assessed in advance. 

While data on the new belt market is available, the refurbished belt market remains poorly 
quantified. Refurbishment was once common and widely offered by major service providers. Today, 
only selected suppliers (e.g., Fenner, Contitech) and service firms (e.g., Bestgum in Poland) continue 
this service. Most users opt for new belts and consider refurbishment only after early-stage damage. 
Only a few, such as Polish lignite mines, apply refurbishment as a regular replacement strategy. 

Failures caused by external stochastic events (e.g., punctures, cuts) may occur regardless of belt 
age or condition. The likelihood increases as belts wear, but accurate prediction would require 
extensive failure case data, which many operations do not collect or publish [46,47].  

Ultimately, the decision to replace, repair, or refurbish depends on economic trade-offs. If repair 
downtime is shorter than replacement time, in-situ repairs are preferred. Otherwise, belts are 
dismantled and refurbished either on-site or in specialized plants. 

 
 shows the expected runtimes for different replacement policies. The earliest belts to be replaced 

are those replaced preventively for refurbishment. The point is to ensure that too long use of the belt 
does not cause damage to the belt core precludes the belt from being refurbished with success. 
Corrosion of the cables in the core in many places with numerous punctures will reduce the adhesion 
of the cables to the rubber, and the need to make many repairs may increase the costs and time of 
refurbishment. A reconditioned belt may not pass the tests allowing it to be used, or the 
refurbishment costs will be too high compared to purchasing new belts. 

 
Figure 2. Expected times of belt replacements in different replacement strategies. 

The belt segment can be damaged randomly at any age. In such cases, the maintenance 
supervisor has to decide what to do with failures. They can be repaired on site (at once, at the closest 
planned standstill, and later when more small failures occur). When failures require a long time to be 
repaired on-site and create a threat to continuous operation it is better to replace the belt fragment or 
the whole segment on a new one and send the belt for refurbishment. If the belt is not worth repairing 
it can be scrapped, or reused for another purpose (e.g. as seals, shock-absorbing linings, fenders, 
construction mats, marine dock bumpers, truck bed liners, grain pit covers, etc.). They can be resold 
to less demanding users or recycled. The last solution requires a special line for worn-out belt cover 
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milling, cutting the core into smaller parts, scrubbing, separating etc. Such lines will be required to 
utilize a lot of old belts when coal mines are closed shortly. 

Decisions regarding sending the belt for refurbishment must be economically justified. If the cost 
of refurbishment the belt is 𝐶௥௕, and the cost of purchasing a new belt is 𝐶௡௕, then the unit cost of 
using a new belt will be the quotient ஼೙್ா்ುೃ೟ೌ್ , and for the refurbished belt, it will be ஼ೝ್ா்ುೃ೑ೝ . 

Refurbishment is cost-effective if both conditions (1) and (2) are met. 𝐶௥௕𝐸𝑇௉ோ௙௥ < 𝐶௡௕𝐸𝑇௉ோ௧௔௕ (1) 

𝐶௥௕ < 𝐶௡௕ ⋅ 𝐸𝑇௉ோ௙௥𝐸𝑇௉ோ௧௔௕ (2) 

If the cost of refurbishment is 50% of the price of a new belt, then even when their lifespan is 
shorter than that of new belts but exceeds 50%, the use of refurbishment is cost-effective. Because not 
all belts sent for refurbishment can be successfully reconditioned, the relationship should be modified 
by introducing a refurbishment success rate indicator, showing the percentage of belts sent for 
refurbishment that are successfully reconditioned (𝑅𝑆𝑅  - Refurbishment Success Rate). It can be 
assumed that this rate depends on the time of belt usage and changes from 1 to 0. 

To determine the unit cost of using 1 meter of refurbished belts when 𝑅𝑆𝑅(𝑡) is less than 1, more 
belts need to be sent for refurbishment because some may not be successfully refurbished. The length 
of belts sent for reconditioning is obtained by dividing 1 by 𝑅𝑆𝑅(𝑡). Over time, as 𝑅𝑆𝑅(𝑡) decreases, 
the length of belts sent for refurbishment will increase according to the function ଵோௌோ(௧) (equations (3) 

and (4)). ஼ೝ್ோௌோ(௧)⋅ா்ುೃ೑ೝ < ஼೙್ா்ುೃ೟ೌ್  (3) 

𝐶௥௕ < 𝐶௡௕ ⋅ 𝑅𝑆𝑅(𝑡) ⋅ ா்ುೃ೑ೝா்ುೃ೟ೌ್  (4) 

If the 𝑅𝑆𝑅(𝑡)  indicator at the time of replacement is 0.7, and the ratio of the durability of 
refurbishment and new belts is, for example, 80%, the inequality will be true since 50% of 𝐶௥௕ <  𝐶௡௕ ⋅0.7 ⋅ 80%  and 𝐶௥௕ < 𝐶௡௕ ⋅ 56%. Knowing the course of the 𝑅𝑆𝑅(𝑡) function, you can determine the 
critical time, 𝑇௥௕௧, from equations (5) and (6). 𝐶௥௕ = 𝐶௡௕ ⋅ 𝑅𝑆𝑅(𝑇௥௕௧) ⋅ 𝑇௥௕௧𝐸𝑇௉ோ௧௔௕  (5) 

𝑇௥௕௧ ⋅ 𝑅𝑆𝑅(𝑇௥௕௧) = 𝐸𝑇௉ோ௧௔௕ ⋅ 𝐶௥௕𝐶௡௕  (6) 

If all belts could be successfully refurbished and incorporated into production, 𝑅𝑆𝑅(𝑡) would 
be equal to 1 (at least up to 𝑇௥௕௧), and then (7). 𝑇௥௕௧ = 𝐸𝑇௉ோ௧௔௕ ⋅ ஼ೝ್஼೙್  (7) 

If, thanks to the diagnostics of the belt's condition, it were possible to determine the belt wear 
index 𝐼௕௖(𝑡) and its changes over time, as well as the critical state 𝐼௕௖(𝑡) = 𝐼௖௥, after reaching which 
the belt should be dismantled and sent for refurbishment, then the replacement moment would be 
chosen not based on time, which is not a good measure of belt wear, but based on its condition 
determined by reliable and objective methods. For this time, 𝑅𝑆𝑅(𝑡) can be calculated and checked 
to see if it ensures cost-effective refurbishment ( 

). 
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Figure 3. Method of determining the replacement time 𝑇௥௕௧ based on the hypothetical deterioration of the belt 
condition 𝐼௕௖(𝑡) until reaching the critical value. The intersection point determines the optimal replacement 
time, and this allows the calculation of 𝑅𝑆𝑅(𝑇௥௕௧) to verify if cost-effectiveness is maintained. 

In essence, 𝑅𝑆𝑅 should be determined not for time but for the condition of the belt. 

3. The Beginning of Conveyor Belt Refurbishment in Poland [48] 

Since mid 60-ties conveyor belts have been reconditioned in lignite mines in Poland. The first 
reconditioning department was set up in the Turow lignite surface mine (1a, 1b, Error! Reference 
source not found.) The next was started up in 1977 at the Konin mine (2a, 2b, Error! Reference source 
not found.) and in 1981 reconditioning began at the biggest and most modern lignite mine Bełchatów 
(3b, Error! Reference source not found.). 

 

Figure 4. Reconditioning of conveyor belts at the Polish lignite surface mines: Turow - 1, Konin - 2, Belchatow 3. 
a - textile belt, b – steel cord belts [48] . 

In Error! Reference source not found. we can see that the maximal total length of reconditioned 
belts was close to 85 km in mid 80-ties, which gives about 14.8% of the total length (573 km) of 
installed belts. The lifespan of naturally worn-out belts is 49 months (4.1 years). Refurbished belts 
attain 85.7% of it (42,9 months=3.6 years). With the refurbishment costs lower than 50% of a new belt 
price. We have profitable refurbishment, due to 85.7% is greater than 50%. Even for all belts removed 
the durability of refurbished belts was greater than 50% (min. 54.3%; max. 62.9%).  The quality of 
refurbished belts has increased since the mid-80-ties. One of the reasons is that this time the belt 
management computer system “Tasma” has been applied in the Belchatow mine which helped in 
rational belt management and maintenance decisions. The success rate of belt recondition can be as 
low as 58.34% due to 50%=87,5% ⋅ 58.34%. This gives a good margin for wrong decisions about belt 
replacements. Data published in the paper [48] allows for the estimation of the proportion of new 
and reconditioned belts to all belts supplied the mine between 1981 and 1989 is 58.65% and 41.35% 
respectively. 
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A similar proportion of new belts, belts after 1st recondition and after the 2nd recondition 
estimated for conditions of one of our lignite surface mines are a bit different. For a hypothetical mine 
having 100 km belts installed proportion stabilizes as is shown in the  

. 

 
Figure 5. Stabilization process of belt length installed in the mine (left) and demanded (right) in the simulated 
strategy (deterministic variant) of belt replacements for recondition at the hypothetical mines having 100 km 
belts installed. Installed belts: new LN, after 1st reconditioning LR1, after 2nd reconditioning LR2), replaced belts 
(WN, WR1 and WR2), the newly purchased ones (ZN) [49]. 

The initial state for iterative calculations of belt replacements including high refurbishment 
success rate  𝑅𝑆𝑅 = 0.9 and 𝑅𝑆𝑅ଶ = 0.8 (in reality it is about 0.7). All types of belts new (LN), after 
the 1st recondition (LR1) and after the 2nd recondition (LR2) have the same length of 33.(3) km. After 
several years of belt replacements as is seen new belts had 43 km lengths and refurbished belts 57 
km. Among replaced belts refurbished consisted 58.65% and new ones 41.35%. Real data in the past 
were the opposite. New belts supplied to the mine during 10 years consisted 58.65% and refurbished 
41.35% ( 

). The differences came from the fact demand for belts was not so stable due to changes in the 
length of conveyors' routs (mainly their increase from 50 km up to 112 km due to pit development - 
the length of belts is twice as much). The durability of reconditioned belts was much lower than that 
of new belts (slightly over 60% for the whole period and 85.7% in 1989) and unknown RSR which 
was much lower than the current value, especially after the application of diagnostics to select the 
best moment of belt dismantling for recondition.  
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Figure 6. The 'Belchatow' open pit mine demand for belts concerning the length of belts installed [48]. 

4. The use of Diagnostics for Choosing the Optimal Moment for the 
Refurbishment of Belts 

To accurately assess the technical condition of conveyor belts and make informed decisions 
regarding refurbishment at the right time, it is necessary to have information about both the condition 
of the belt's core and the thickness of its covers [14]. The DiagBelt+ system, developed at the Wrocław 
University of Science and Technology, utilizes a magnetic method to assess the technical condition of 
the core with steel cords, while the BeltSonic system uses a differential measurement method to 
determine the thickness of the measured object. Both of these systems are installed around the 
moving conveyor belt, as shown in Error! Reference source not found.. The conveyor belt core 
diagnostic system (DiagBelt+ [50]) requires the installation of permanent magnet strips, which are 
intended to magnetize the core links of the belt. It also includes a measuring head equipped with 
magnetic coils that record changes in the magnetic field at the location of discontinuities in the links. 
On the other hand, the thickness measurement system (BeltSonic [51]) has two measuring heads 
installed parallel on both sides of the conveyor belt. Ultrasonic sensors installed in them measure the 
distance to the supporting and running covers of the belt, and knowing the distance between the 
sensors allows for a precise determination of the thickness of the belt at a given location. 

  
(a) (b) 

Figure 7. Schematic diagram of the measurement system installation on the conveyor belt. (a) DiagBelt+ system 
(b) BeltSonic system. 
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The BeltSonic system is designed for measuring the thickness and assessing changes in the 
transverse and longitudinal profiles of various types of conveyor belts. The operating principle of 
this system is based on a differential measurement. Measurement heads, placed above and below the 
examined object, have ultrasonic sensors that measure the distance from the sensor to the obstacle, 
i.e., the cover of the conveyor belt. By knowing the distance between the measurement heads and 
readings from both sensors (located above and below the belt), the thickness of the examined object 
can be determined unambiguously. The operation of the system and its design parameters have been 
detailed in works [52,53]. 

Measurements using the BeltSonic system enable the determination of the average and 
minimum thickness of the examined belt section, as well as the calculation of the percentage loss of 
its surface. Conducting measurements at specified time intervals allows monitoring the rate of belt 
wear [34,41]. Analyzing the results of measurements for individual sections (or shorter fragments of 
the conveyor belt) and comparing the measured thickness with the nominal thickness of the conveyor 
belt provides an image of the wear of individual sections of the examined object. An exemplary 
contour map of a performed measurement and a wear measure map (average percentage loss of the 
original cover thickness calculated for the entire surface of the section between connections) are 
presented in  

 for an extended loop of a belt consisting of twenty sections. 

 

Figure 8. Conveyor belt loop map with sections - assessment of the percentage loss relative to the original 
thickness of the covers of the conveyor belt section - BeltSonic system. 

The DiagBelt+ system is designed to detect and record changes in the magnetic field that occur 
at the belt splice or in areas of core damage. The most common failures include corrosion of the links, 
cuts in the links, or their absence on a specific section of the belt (e.g., a few centimeters long). It 
consists of a measurement head, which is equipped with coils to read changes in the magnetic field, 
two strips of permanent magnets to magnetize the core, a tachometer, and a data acquisition module. 
A detailed description of the system's operation can be found in works [14,54–56]. 

Thanks to measurements taken by the DiagBelt+ system, it is possible to obtain an image of 
failures, which, in turn, allows assessing the degree of damage to the belt's core and verifying the 
correctness of the joint's execution and its technical condition. By analyzing the number of failures, 
their density on a given belt section, and the characteristics of failures (their shape and belonging to 
specific categories), it is possible to determine which section of the belt requires repair. Figure 9 shows 
signals recorded by the DiagBelt+ system, which are then used for damage analysis. 
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Figure 9. Visualization of measurement data - an example of a two-dimensional image from the DiagBelt+ 
system. 

The diagnostic system also includes software that, based on measurement data, generates an 
assessment report of the technical condition of the examined object. This program takes into account 
various parameters and drawings, such as the number of failures, the quantity of splices, and the 
length of the belt. After analyzing the data, the system generates a map of the technical condition of 
the examined conveyor belt, covering all sections of the belt loop. On this map, by setting thresholds 
beforehand, it is possible to visually assess the condition of a particular section, as the failures 
represented on the map corresponds to the density of failures. An example of such a map is presented 
in  

. 

 

Figure 10. Map of aggregated wear measure (here, average density of failures per 1 meter for the entire section 
of the belt) for the extended loop of the conveyor belt - assessment of the technical condition of the belt core – 
image from the DiagBelt+ system. 

Analysis of the distribution of registered failures on histograms, visible in the report, allows 
determining which part of the belt is most susceptible to failures.  

As part of the implementation of the NCBR POIR.01.01.01-00-1194/19-00 project, a series of belts 
operating in a brown coal mine in Poland were examined. The belts, directed for refurbishment 
during this project, were first scanned using the DiagBelt+ diagnostic system, and then redirected to 
the refurbishment process. On the refurbishment station, milling of the supporting and running cover 
of the belt was carried out (2 mm above the breaker). Visible failures on the belt were located in the 
form of a signal.  

 and  
 show a fragment of the belt where the occurrence of damage is visible on the remaining, 

unmilled cover, as well as in the read measurement signal. Failures in  
 are marked with numbering according to the DiagBelt+ system  
. It should be noted that not all failures visible on the remaining cover are core defects, and these 

were not marked or registered in the magnetic signal. 
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Figure 11. Belt photo after milling of covers. 

 

Figure 12. Corresponding magnetic signal. 

With a relatively shallow milling of the carrying cover (with preserving the breaker), only very 
large failures were visible on the milled surface of the belt. On the most damaged sections of both 
belts, they were identified. The DiagBelt+ system identified a greater number of failures, but some of 
them may have remained undiscovered during milling when they were not related to piercing the 
cover to the core with the links. This could include cracked wires and crushed links. 

Error! Reference source not found. depicts the flowchart of the belt replacement strategy 
utilizing a diagnostic system. 
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Figure 12. A flow chart of condition-based preventive belt replacement strategy for belt reconditions with the 
calculation of 𝐵𝑆𝐶௜௡ௗ௘௫  for each belt segment (BS) in a belt loop (BL) on each belt conveyor (BC) in the belt 
conveying system (BCS). 

The main difference between condition-based replacement using visual inspection and 
inspections with diagnostic tools is that the subjective and incomplete (based on the external view) 
assessment of the belt condition is replaced by the reliable assessment of the belt core condition by 
the magnetic system. Calendar time (the degree of filling the belt service life), which is sensitive to 
many factors, including a change in the conveyor load, is replaced by an objective measure of the belt 
condition 𝐵𝑆𝐶௜௡ௗ௘௫  (e.g. the density of damage per 1 meter of belt segment). After crossing the 
threshold by measured 𝐵𝑆𝐶௜௡ௗ௘௫  the belt segment will be sent to the refurbishment plant. The 
threshold (𝐵𝑆𝐶௧௥ ), identical to all conveyors (regardless of their operating condition, length, belt 
speed, load etc.), will be optimally selected taking into account the changes in the recondition success 
rate (𝑅𝑆𝑅(𝑡)),  costs of refurbishment and belt segment durability after recondition. 𝑅𝑆𝑅(𝑡) is not 
known a priori but can be calculated a posteriori after sending several belt segments to refurbishment 
with known 𝐵𝑆𝐶௜௡ௗ௘௫ and attained 𝑅𝑆𝑅 during refurbishment. 

For 50 years, a preventive belt replacement strategy to refurbishment was used in the Bełchatów 
mine based on the belt condition. The belt condition was determined during the visual inspection 
taking into account their age in comparison to selected service life for a given conveyors (expected 
time of their operation) working in specific conditions. The use of a subjective visual assessment and 
operating time, which is a very inaccurate measure of belt condition, led to frequent recondition 
failures. The belts were pulled of the conveyors too late, because although the belt did not look worn 
from the outside, but the core condition was poor. Numerous cables and corrosion intersections, 
invisible from the outside, prevented reconditioning from success. The 𝑅𝑆𝑅 indicator was about 
70%. The solution was to implement the magnetic diagnostics of the core condition using the 
Diagbelt+ system. Determining the core condition became possible on the conveyor, which not only 
reduced the costs, but above all enabled an objective assessment of the invisible core and better 
determination of the moment of dismantling. Currently, the mine is in the phase of intensive scanning 
of belts directed for refurbishment so that it will be possible optimal selection of 𝐵𝑆𝐼𝑇 to minimize 
the costs of using belts in the mine. Savings generated by avoiding too early dismantling of belts 

1. Cut off and replacement of 
damaged part of BScb

2. Insertion of a new BScb’ part

1. Scanning of  several belt segments in belt loops on 
conveyors – DiagBelt+, BeltSonic, and other systems

2. Calculation of BSCindexes cb for each BScb

Is BSCindex cb (t) < BSCtr
globally?

REFURBISHMENT of RSR (t) x BSlength cb

Further operation of 
refurbished belt segments

YES NO

Is the belt
segment reconditioned

2 times?

DEMAND FOR NEW BELTS
• Worn BS 2 times reconditioned
• Parts of BS not reconditioned
• Belts for new conveyors

Belt segments sent to waste have to 
be replaced by new ones

NO

BSlength cb x (1 – RSR (t)) 
sent to waste

WASTE
• Scraping
• Reuse
• Resell
• Recycling 

CONTINUOUS TRANSPORT
in Belt Conveying System

Cyclical diagnostic inspections
of belt conveyors (c)

Is BSCindex cb (t) < BSCtr
locally?

YES

NO

Is damaged
part of BScb worth

refurbishing?

Small repairs of BScb
Renewal of BLoopc

Splicing BScb & BScb’
small repairs of BScb
Renewal of BLoopc

YES

Belt Segments PURCHASE

YES

NOc  – belt conveyor unique number
b – BS unique number
b’– new number of BS insertion

Is BScb damaged
suddenly?
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turned out to be a big positive surprise. Many belts working on less loaded conveyors have a little 
used belt core, although they have long filled the temporary Resurs. They would normally be directed 
to refurbishment and it would probably be successful. However, greater savings give it further use 
for the next months and years, because the belt loop can work, and the costs of refurbishment are not 
incurred. The success of refurbishment depends more on the core condition and less on the condition 
of the covers and the edges. The use of magnetic diagnostics NDT core condition makes this task 
easier. This will increase 𝑅𝑆𝑅 even to a level of 90%, extend the time of use of belts, reduce purchases 
of new ones, which will affect. The cost of reconditioning at Bestgum plants is estimated at 50% of 
the purchase price of new belt. Leading belt manufacturers estimate at 60-65% of purchase costs. 

5. Discussion and Conclusions 

The work aims to demonstrate the profitability of preventive replacements for belt regeneration. 
Lignite mines in Poland have successfully employed this strategy for over 50 years. The current 
market size exceeds $4 billion and is growing at a rate of 3 to almost 6%. Various estimates indicate 
that the production and delivery of belts consume significant resources, with approximately 75% of 
production costs attributed to raw materials. The remaining costs include energy, which is subject to 
price increases, and labor. Belt production is automated, potentially leading to plant relocations 
outside Europe due to rising energy prices and weaker environmental regulations. 

Many cheaper components are not approved for use in Europe but can be used outside the EU. 
The pandemic has highlighted extended supply chain timelines and geographical reach (due to 
carbon leakage), increasing the risk of deadline and quality failures and leading to price hikes, 
sometimes doubling. Refurbishment has once again become an attractive method to meet growing 
demand and enhance the security of supply and transport system continuity. 

In Poland, belts are refurbished on-site, a practice that originated due to the lack of foreign 
exchange for imports and continues today due to extended delivery times and related uncertainties. 
Heavy-weight belts, being the most expensive, undergo refurbishment to maximize their utility. It is 
considered environmentally wasteful to discard them after a single use. Therefore, in Poland, heavy-
weight belts are reconditioned, often twice (with the core being used three times), and in the past, 
even three times. Textile belts were also reconditioned in the past [57], a practice now rare due to the 
lower price of belts and the less valuable and durable core. Water ingress into the core causes 
delamination of the interlayers, excluding the belt from refurbishment. 

Correct refurbishment is possible when the core is not excessively damaged. The use of core 
diagnostics and assessment of its condition on conveyors significantly reduces errors in decision-
making during refurbishment. With the implementation of diagnostics using the DiagBelt+ system 
and the ability to test belt abrasion with the BeltSonic system, the probability of errors decreases, 
leading to an improved refurbishment success rate (𝑅𝑆𝑅) and increased economic efficiency in the 
reconditioning process. 

In the 1980s, the proportions of new and remanufactured belts on conveyors were 60% new and 
40% remanufactured. Current simulations suggest a reversal of these proportions, with 60% 
remanufactured and 40% new. The Bełchatów mine, following the closure of one of its workings, 
practically abandoned the purchase of new belts. Instead, it effectively assesses the condition of 
dismantled belts and makes informed decisions on whether to reuse, refurbish, or discard them. To 
ensure the environmental effectiveness of the full belt use cycle, efforts are made to resell used belts, 
use them for other purposes (reuse), or recycle them to recover all components [58,59]. The 
refurbishment plant already recovers milled rubber from the reconditioning process to produce mats, 
carpets, and paving stones for parking lots. As used belts become more available, recycling rates will 
likely need to increase. Rubber from conveyor belts can be recycled in a similar way to rubber from 
tires [60]. 

The use of both measurement systems, DiagBelt+ for assessing the technical condition of the core 
and BeltSonic for evaluating the cover thickness, provides a comprehensive understanding of the 
technical state of the examined conveyor belt. This approach allows for the continuous monitoring of 
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changes in its condition over time through periodic measurements. This enables the implementation 
of predictive belt replacement, based on the diagnosed condition, following any preventive 
replacement strategy [61]. This strategy allows choosing for refurbishment only those belts that 
actually show a significant number of failures but still qualify for refurbishment. Utilizing the 
refurbishment capabilities of dismantled belt fragments that have reached a level of wear qualifying 
them for refurbishment increases the working time of full sections, minimizing the risk of emergency 
replacement and production losses associated with downtime and waiting for the delivery of new 
belts. 

Traditional methods of assessing the condition of belts, such as visual inspection combined with 
the calendar age of the belt's operation, proved to be ineffective from the mine's perspective. As a 
result of the project implementation and the use of the system, the mine reports significant benefits, 
avoiding the need to send belts for refurbishment that, despite exceeding the calendar age of 
operation, still maintain a good technical condition. 
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