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AbStRACt
In today’s smart manufacturing environment, the textile industry faces challenges
such as efficiency, sustainability, and a quick response to clients’ dynamic require-
ments as well as productivity that can ensure its survival. Production has been
influenced due to a lack of technological advancement, leading to a negative effect on
overall performance. Although the relevance of the use of information and communi-
cations technology tools to design more reliable and improved processes is still an
unexplored area.
The aim of the study is to present the benefits of using software-oriented tools in the
textile industry, as one of the most vulnerable types of industries. Namely, the
research was conducted in a textile factory in which an intelligent platform was
installed for gathering, measuring, and processing data in real-time in terms of the
productivity of the manufacturing process. 
For the purpose of this research, the methodology of collecting, analyzing, and com-
paring data was implemented.
The findings indicate that the implementation of appropriate digital technologies
allows the reduction of non-value adding activities and the improvement of the overall
productivity of the production process. In addition, this smart platform will serve as
a technology benchmark and a roadmap for other textile factories, especially in emerg-
ing economy countries.

KEYWORDS: Digital technologies, Software-based tools, Non-value adding activities,
Productivity, and Production process.



IntRoduCtIon

Nowadays, most companies are moving towards higher technology by introducing
Industry 4.0 ideas (Tortorella et al., 2020). The digitization of industry and the devel-
opment of “advanced manufacturing” occupy an essential position for maintaining
competitiveness by increasing the manufacturing efficiency of processes and deter-
mining strategic globalization decisions (Stentoft and Rajkumar, 2020). In essence,
Industry 4.0 is more of a driving force than the result of innovations and also it is an
inherently vague imagined future that provides an orientation to various organiza-
tions. In addition to manufacturing, Industry 4.0 is influencing a paradigm shift in
different sectors, such as construction, healthcare, transport, the energy sector, and
the textile industry (Meyer, 2019).

Speaking about the textile industry, this has been facing various challenges related to
technology. Production has been influenced negatively due to a decrease in technologi-
cal advancement, leading to an effect on overall performance. Namely, textile
manufacturing as a labor-intensive industry is based on human skills and capabilities
to a great extent. The traditional approach for managing all value chain operations in
the textile industry means coping with various unexpected or expected non-value
adding activities which lead to productivity decreasing. Thus, the traditional approach
to quality control implies inspections by supervisors, selection of non-conformities, and
rework. Furthermore, bottlenecks and delays that consequently occurred are treated as
activities that do not bring any added value (Conci and Proença, 2002). The non-value
adding activities are a pure waste and should be targeted for immediate removal
because they generate only waste, increase the price, delay processing time, and are not
valuable for the product. In broader concept, value-adding activities are those activities
for which customers pay to a textile factory or any physical changes in shape or charac-
ter of products happens. In essence, apparel customers pay for activities such as  fabric
cutting, sewing, buttoning, the finishing process, and ironing the garment. (Ahmad et
al., 2020).

As aforementioned, Industry 4.0 technologies offer opportunities and promote changes
in the world of work and understanding how these technologies are linked to produc-
tivity improvement in the textile industry is an issue that is worth addressing. Besides
that, Industry 4.0 promotes production which automatically increases the overall per-
formance and can resolve various issues through modern technologies (Wang et al.,
2016; Fogaca et al., 2022; Schneider, 2018). 

From that point of view, it is expected that this new paradigm, which employs digital
tools for coordinating all value chain interactions, will significantly eliminate non-value
adding activities and improve productivity. In the same context, the utilization and pro-
duction capacity can be improved, and also, the duration of the process can be reduced.
All these issues lead to reducing the operation costs and an improvement of the overall
success and sustainability of the particular business. Nevertheless, the main prerequi-
site for the implementation of Industry 4.0 technology in the existing textile factories is
to implement digital technologies in the direction to establish a solid ground for further
improvements in the spirit of Industry 4.0 perspectives (Imran et al., 2018). 

Therefore, the objective of this paper is to research the benefits of using digital tools for
data collecting and processing towards faster decision-making, more accurate and quick
reporting, and reducing the costs related to non-value adding activities in one textile
factory in an emerging economy. The created database is a useful digital platform in the
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manager’s hands to make the right decision in terms of enhancing productivity in the
organization. The research is part of a wider investigation towards the creation of the
Industry 4.0 platform under the influence of software-based technologies. 

In the next section, some background on the use of Industry 4.0 technologies in the tex-
tile industry is provided, followed by findings, and a discussion of these findings. Finally,
conclusions are drawn in the last section of the paper. The results obtained in this
research will be used to create a structured model for improving the level of productiv-
ity, under the implementation of digital technologies.

tHEoREtICAl bACkGRound

According to Balogun et al. (2019) and Fatorachian (2018), in today’s smart manufactur-
ing environment, the textile industry faces challenges such as efficiency, sustainability,
and a quick response to a client’s requirements as well as product quality and regulatory
compliance which can ensureit’s the industry’s survival. It is relevant since globalization
has made business values constantly change (Imran et al., 2018; Denvura et al., 2019).
Lekamge and Ekanayake (2021) take into consideration the nature and complexities of
garment production and conclude that the establishment of labor-saving technology in
the textile industry is more than difficult. In this context, Khorram et al. (2019) discuss
the management efforts in some of the large apparel companies to track and monitor
different stages of manufacturing and gain numerous benefits such as decreased oper-
ational costs and ensuring the on-time delivery of goods. From this perspective, it is
expected that this new paradigm, which employs digital tools will achieve market sus-
tainability and a competitive edge (Ahmed et al. 2020; Demeter et al., 2020; Ghobakhloo
et al., 2021; Judit et al. 2018; Dalenogare et al., 2018; Howaldt et al., 2017). Yet, the devel-
opment of progressive technologies resulting from modern software-based tools and
highly sophisticated knowledge as a solid ground for the further implementation of
Industry 4.0 technologies is stressed by Rajnoha and Lorincová (2015).

Aguilar-Rodriguez et al. (2021) and Grzybowska and Łupicka (2017) highlight the benefits
of the development of the Industry 4.0 concept in various types of businesses, including
the textile industries. Similar attitudes are presented in the papers by numerous
authors, such as Wollschlaeger et al. (2017), Fogaca et al. (2022), Singh et al. (2019), Iqbal
et al. (2018), Haseeb et al. (2019), Rajnoha and Lesníková (2016), Shahriar, et al. (2016),
Carvalho et al. (2015) and Istrat et al. (2017). Additionally, Wang et al. (2016), and Longo
et al. (2017) confirm the need for traditional textile industries to integrate Industry 4.0
technologies in a highly competitive dynamic environment. However, the fact that
Industry 4.0 enables textile factories to create decision-making processes that improve
overall productivity in textile factories is confirmed by Lee et al. (2018), Grzybowska and
Łupicka (2017), Trieu (2017), Wang et al. (2016), Meyer (2019), and Fromhold-Eisebith et
al. (2021).

RESEARCH dESIGn 

The organization of manufacturing in a textile factory that is the topic of the research
was explained in a study by Stanojeska (2022). The analyzed factory is equipped with two
production lines, (i) “standard or regular line” and (ii) “pilot-line equipped with digital
devices”. Both the production lines are characterized by different approaches to control
and monitoring. In terms of production, the process can be considered as a set of a few
sequentially connected operations stages like cutting, sewing (assembling), buttoning,
ironing, packing, and shipment. The main steps of the process flow are shown in Fig. 1
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Fig. 1. Regular production line monitored by the supervisors

The traditional approach typical for the “standard/regular line” implies on-site monitor-
ing of the operations tasks, performed by a few supervisors. Namely, supervisors are re-
sponsible for monitoring the performance of each operation of the process flow and
determining whether the operation’s objectives, such as quality, speed, flexibility, de-
pendability, and costs are kept at an acceptable level. In that sense, after the completion
of every single operation, the supervisors make records, which create the database re-
lated to the entire process. The collected data represent a platform for making a decision
by the management to improve the process, eliminate weaknesses or reduce it to an ac-
ceptable level. However, this approach to process monitoring and tracking leads to de-
layed action because it is impossible to undertake prompt and on-time corrective
measures. Consequently, frequent interruptions, bottlenecks, and delays occur, mostly
because of   spending time on   correcting and reworking failures. On the other hand,
partial interruptions affect excessive delays in shipment and unfulfilled deadline re-
quirements. At the end of the day, the effect of such an organized process is customer
dissatisfaction, decreased competitiveness, and significantly increased operating costs.

Opposite the aforementioned, the other production line - “the pilot line” is equipped with
information and communications technology for tracking and monitoring the manufac-
turing process (Fig. 2.). 

Fig. 2. Pilot production line equipped with digital devices for tracking and monitoring 

In essence, the digital platform for full tracking and monitoring of the manufacturing
process includes the collection and processing of data using an appropriate fit-to-use
software system. Each machine performs a certain operation. Using a controller, the
particular operation mechanically performed on the respected machine is loaded as an
input in the controller/monitor. Thus, the data is saved in the monitor as long as the
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operation is performed by the operator. The operation mechanically performed on the
respected machine is fully synchronized with the data loaded in the controller. Using a
software program designed and developed to fit the process needs and requirements,
the collected data from each controller, are accurately processed, and valuable infor-
mation in terms of the quantity of produced items, the duration of interruptions, points
of bottlenecks, anticipated delays, and the number of non-conforming units, in real-time
is gathered. Those data create the pool of data that serves as the grounds for further
calculation of the efficiency and effectiveness of the process, productivity, capacity,
process capability, and similar mechanisms for measuring the process sustainability.

Against the regular line, the tracking and monitoring on the digitalized (pilot) line are
performed at each stage of the manufacturing. Every operator enters the predicted data
related to the particular unit and task in controllers. On such occasions, only one su-
pervisor is sufficient to monitor the entire process by the main computer unit (Fig. 2). 

Yet, the differences in the monitoring and tracking approaches of the two product lines
impose the purpose of this research. In that sense, the goal is: 

To determine the effect of the implementation of digital technologies on productivity, by re-
ducing non-value adding time in the production process. 

Methodology

In this research, the methodology of collecting, processing, and comparing data was im-
plemented. Following the goal of the research, the non-value adding activities such as:
(i) waiting for assembling, (ii) waiting for buttoning, (iii) waiting for ironing, (iv) quality
control, (v) rework, (vi) waiting for packing, and (vii) waiting for delivery, were identified.
In that context, the two sets of data were created. The first one was formed using data
generated from the digital production line. These data were obtained by the imple-
mented digital technology and stored in the software system for sixteen weeks. The sec-
ond set of data includes the data generated from the regular production line, for the
same period (sixteen weeks). These data were gathered and recorded through on-site
monitoring by the supervisors. After collecting data from both lines, the data were
processed. In the third step of the research methodology, the comparison of the data-
bases was presented, and conclusions were given.

RESultS And dISCuSSIon

According to the implemented research methodology, the gathered data related to the
production process performed on the pilot line equipped with digital devices is present
in Table 1. 
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Table 1. Collected data refers to a pilot line equipped with digital devices 

WThe data collected by the regular production line is present in Fig. 2.

Table 2. Collected data refer on a regular line

The duration of non-value adding activities identified on the line equipped with digital
devices is lower compared to the duration of non-value adding activities gathered by the
regular production line. In essence, the implemented digital platform provides real-time
information about the stability or the variation in the process. Entering data into the
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Week No. 

Non-value adding activities on pilot line equipped with digital devices (h) 

Waiting for 
assembling 

Waiting for 
buttoning 

Waiting 
for ironing 

Quality 
control 

Rework 
Waiting for 
packing 

Waiting for 
delivery 

Total non-value 
adding time/week 

Week 1 0.25 0.25 0.10 0.50 8.30 0.00 1.30 10.70 

Week 2 0.30 0.20 0.15 0.60 7.70 0.00 1.50 10.45 

Week 3 0.20 0.20 0.15 0.70 7.50 0.00 2.00 10.75 

Week 4 0.20 0.25 0.20 0.70 8.00 0.00 2.00 11.35 

Week 5 0.25 0.25 0.15 0.60 7.50 0.10 3.00 11.85 

Week 6 0.25 0.30 0.10 0.80 7.30 0.10 2.00 10.85 

Week 7 0.20 0.30 0.30 0.80 7.30 0.15 2.50 11.55 

Week 8 0.30 0.25 0.30 0.70 7.00 0.15 4.20 12.90 

Week 9 0.20 0.25 0.20 0.60 7.00 0.00 5.50 13.75 

Week 10 0.25 0.25 0.30 0.60 7.00 0.10 1.00 9.50 

Week 11 0.25 0.20 0.25 0.50 7.10 0.05 0.00 8.35 

Week 12 0.25 0.20 0.25 0.50 7.30 0.10 0.00 8.60 

Week 13 0.30 0.20 0.10 0.50 7.20 0.10 2.00 10.40 

Week 14 0.25 0.25 0.15 0.60 7.00 0.10 2.50 10.85 

Week 15 0.30 0.20 0.15 0.60 7.00 0.10 1.20 9.55 

Week 16 0.25 0.20 0.25 0.50 7.30 0.10 0.00 8.60 

Total 4.00 3.75 3.10 9.80 117.50 1.15 30.70 170.00 

 

Week No. 

Non-value adding activities on regular line (h) 

Waiting for 
assembling 

Waiting for 
buttoning 

Waiting 
for ironing 

Quality 
control 

Rework 
Waiting for 
packing 

Waiting for 
delivery 

Total non-value 
adding 
time/week 

Week 1 0.30 0.35 0.30 0.70 14.40 0.50 2.00 18.55 

Week 2 0.40 0.35 0.25 0.80 13.80 0.50 2.00 18.10 

Week 3 0.40 0.30 0.30 0.80 13.00 0.70 3.50 19.00 

Week 4 0.50 0.30 0.25 0.70 13.30 1.00 2.00 18.05 

Week 5 0.50 0.40 0.20 1.00 15.00 1.00 2.50 20.60 

Week 6 0.50 0.40 0.30 1.00 14.20 1.00 4.00 21.40 

Week 7 0.40 0.40 0.30 0.80 13.00 0.60 3.00 18.50 

Week 8 0.30 0.30 0.40 1.00 13.80 0.70 4.50 21.00 

Week 9 0.30 0.25 0.40 1.00 14.40 0.80 5.00 22.15 

Week 10 0.30 0.25 0.50 1.00 13.80 1.00 1.50 18.35 

Week 11 0.30 0.30 0.40 1.00 13.00 1.00 2.50 18.50 

Week 12 0.20 0.30 0.30 1.00 13.00 1.00 3.00 18.80 

Week 13 0.30 0.50 0.30 1.50 14.50 0.80 2.50 20.40 

Week 14 0.40 0.40 0.40 1.50 15.50 0.90 3.00 22.10 

Week 15 0.50 0.40 0.40 1.50 13.00 1.50 3.00 20.30 

Week 16 0.20 0.30 0.30 1.00 13.00 1.00 3.00 18.80 

Total 5.80 5.50 5.30 16.30 220.70 14.00 47.00 314.60 

 



controllers means a transfer of the information in real-time, which leads to the oppor-
tunity for undertaking quick action and corrective measures for immediately coping
with an unexpected problem. Thus, the duration of non-value adding activities that oc-
curred on the regular production line is remarkably shorter than the duration of non-
value adding activities related to the digital production line. 

According to the findings, the waiting for assembling is longer than 31 per cent on the
regular production line. The waiting for buttoning at the regular line is longer by 25 per
cent compared with the same issue at the digital production line. Moreover, there is a
notifiable difference between the waiting for ironing at the regular line (5.3 h) and the
same criteria at the digital line (3.1 h). The time needed for quality control is longer than
40 per cent at the regular line. Despite this, the time required for correction of non-con-
formed items (rework) is longer by 46 per cent. The findings indicate the time for rework
has the highest participation in total non-value adding time. Even about 70 per cent is
due to the need for reworking, for both production lines, regular and digital. Basically,
reworking is based on the need to fix the failures. The more non-conformity units, the
longer the reworking time. However, poor quality has a serious impact on total non-
value-added activities. As expected, the gathered results regarding the waiting for pack-
ing and delivery are longer at 92 per cent and 35 per cent respectively, on the regular
production line, compared with the digital production line. In summary, the total non-
value adding time on the regular production line generated for sixteen weeks is 314.6
hours and 200 hours on the digital production line. Speaking through ratios, the dura-
tion of the production performed on the regular line is longer than the production per-
formed on the digital line by 46 per cent, at the equal production capacity (the number
of produced items). According to the findings, one can conclude that the utilization of
the regular line is lower then the digital line because less time is required for the pro-
duction of the same quantity of units on the digital line. 

Regarding the goal of this research, the benefits of the implementation of an innovative
digital solution on one of the production lines are more than clear. 

As mentioned above, the results obtained in this research will be used to create a struc-
tured model for improving the level of productivity in the textile factory, under the im-
plementation of digital technologies.

ConCluSIon 

This research contributes on a practical dimension by explaining the implementation
of digital technology as a solid foundation for the further implementation of Industry
4.0 techniques in the textile industries. The implemented digital system for quality con-
trol and process monitoring can be recognized as an intelligent platform for further
process improvement in the field of Industry 4.0. 

The software-based tools to collect and process data according to the performed opera-
tional tasks enable full monitoring and tracking of manufacturing and gathering the
relevant information in real-time. Regarding the goal of this research, one can conclude
the implementation of digital technology brings numerous benefits. The paper presents
the positive influence of integrated digital technologies on reducing non-value adding
activities in the process. To emphasize once again, the duration of the process performed
on the regular line is longer than the production performed on the digital line by 46 per
cent, at equal production capacity. It is more than clear the non-value adding activities
must be eliminated or reduced to an acceptable level. In that direction, reducing or elim-
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inating those non-value adding activities leads to decreased operations costs and im-
proved operations performance in the factory. Although, non-value adding activities in-
fluence the workforce. If the non-value adding time is longer, a higher number of
operators is needed. Moreover, the utilization and production capacity is directly influ-
enced by the non-value adding activities. The shorter duration of the non-value adding
time leads to higher utilization.  

In terms of competitiveness, by using digital technologies customer satisfaction will be
increased if the delivery deadlines are respected as well. Namely, the fulfillment of the
customer’s demands, at the same time means the fulfillment of the enterprise’s major
objective, because keeping the customer orientation in the textile industry is a key to
success. In that sense, the sustainability of the business will be provided and the com-
petitive advantage in the market will be enhanced. 

To summarize, the duration of the process is directly associated with operations costs
and the overall success of the factory. The implementation of 

digital technologies are a smart platform and can serve as a technology benchmarking
for other textile factories, especially in emerging economy countries.

Yet, the implemented digital technology for monitoring the manufacturing process in
the textile factory is not an ultimate state. In the following period, the digitalization of
the regular line is planned.
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