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Abstract. To increase production efficiency at industrial enterprises, various digital 
technologies have recently been used, which have various effects: reduction of time, 
money, material costs, reduction of the production cycle, productivity growth. This study 
aims to analyze and evaluate the efficiency of the digitalization of garment production, 
determine the effects and risks of a digitalization project. The digitalization project was 
carried out using the radio-frequency identification technology to monitor the sequential 
processes of garment making.This study tests a hypothesis that the use of digital 
technologies leads to a reduction in time losses and an increase in labor productivity. 
During the study, the time of the production process was measured. Further on, the 
possible reduction of time losses due to the introduction of digital technology under 
the conditions of existing production capacities is calculated. Time losses were used for 
additional production, which leads to a change in the company’s cash flows. As a result, 
the performance indicators of the investment project were calculated, and its risks were 
assessed using sensitivity analysis.The theoretical significance is in determining the 
economic indicators that are affected by the introduction of digital technology in the 
garment industry. The introduction of the radio-frequency identification technology 
makes it possible to monitor the parameters of the production process, which helped to 
reduce time loss by 50 %, decrease the labor intensity of the product and increase the 
productivity of the enterprise’s personnel by 30 %. The implementation of digitalization 
projects has risks for companies. To minimize possible risks that could arise, sustainable 
mitigating solutions were proffered.

Key words: garment industry; digital technologies; smart production; Industry 4.0; risk 
assessment; sustainable development; economic efficiency; investment impact analysis.
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1. Introduction
Many manufacturing initiatives started 

all around the globe to make production 
smarter, achieve higher flexibility, speed up 
production cycles and increase sustainability. 
A promising approach seemed to be the 
fusion of the virtual and the real world, i. e. 

deriving a linkage between the internet and 
the manufacturing to facilitate dynamic 
production networks for flexible and open 
value chains of complex mass customization 
products in small series up to lot size one 
production [1]. One often referred approach 
represents the concept of the «Industry 4.0» 

© T. Yu. Kudryavtseva, K. S. Kozhina, G. K. Prause, E. O. Olaniyi, 2023

MESOECONOMIC APPLIED RESEARCH

http://orcid.org/0000-0003-1403-3447
http://orcid.org/0000-0003-0877-1400
http://orcid.org/0000-0002-3293-1331
http://orcid.org/orcid.org/


Journal of Applied Economic Research, 2023, Vol. 22, No. 1, 72–98ISSN 2712-7435

Assessment of Economic Efficiency, Effects and Risks of Digitalization Projects of Garment Industry in Russia

73

that targets energy and resource efficiency, 
increased productivity, shortening of 
innovation, and time-to-market cycles 
together with a horizontal and vertical 
integration through value networks and end-
to-end digital integration of engineering 
across the entire value chain [2].

All realization concepts for smart 
production are based on digital technologies 
that include internet-based solutions to 
formulate new challenges on management 
techniques, business model innovation, 
and organizational development. In other 
words, they affect all spheres of human 
life [3]. Thus, digitalization as a prevalent 
phenomenon simplifies the work and the 
management of production as a whole –  
an individual process that improves the 
sustainability of the economic growth of 
industrial enterprises [4].

The spotlight of the current study 
targets the Russian textile industry; a sector 
plagued with technological lag linked to 
an underdeveloped digitalization level and 
sustainability concepts [5]. The industry 
tends to mass customize products, thus 
it is possible to produce a large number 
of variations of one product without 
accounting for the individual requirements 
of the customers [6]. As a result, the main 
factor of competition for the industry is the 
time of market launch comprising product 
development as well as time-to-market 
cycles, which in turn would depend on the 
level of digitalization of the production 
process [7].

To  el i m i na t e  t he se  nega t ive 
consequences and increase the sustainability 
of the development of this industry, 
fundamental changes in the company’s 
production processes are required as 
emphasized by [8]. The use of new digital 
technologies that involve a reduction in 
decision-making time and value chain 
i. e. a significant reduction in the time 
of implementation and realization of 
projects looks like a promising solution [4]. 

The smart production concepts such 
as the Industry 4.0 led to new supply 
chain paradigms based on intertwined 
manufacturing networks. It aims to change 
the roles of designers, manufacturers, and 
clients including supply chain actors, and 
further enables the identification and 
tracking of individual products during 
their entire life cycle making it possible 
for products to choose their way through a 
full value network [2].

Digitalization of the industry gives 
a number of positive effects, contributes 
to the creation of competitive advantages. 
Nevertheless, digitalization projects 
carry many potential risks that can have 
a negative impact on the activities of 
companies. These include operational risks, 
technology implementation risks, technical 
and informational risks. The human factor 
and technological limitations can negatively 
affect digital changes in the production 
process of companies. It is important to 
consider risks and minimize them.

So far, literature review [9; 10] revealed 
a research gap in the assessment of the 
economic impacts and risks of digitalization 
projects that influence output, worktime, 
daily production rate, and personnel 
productivity in the Russian textile industry 
based on the system dynamics method.

The purpose of the research is to 
analyze and evaluate the efficiency of 
the digitalization of garment production, 
determine the effects and r isks of 
digitalization project.

The hypothesis of the study  is 
the assumption that the use of digital 
technologies leads to a reduction in time 
losses and an increase in labor productivity.

The authors used empir ic data 
of a digitalization project of a sewing 
company using the radio-frequency 
identification (RFID) technology to track 
textile production in real-time to enable the 
integration of digital technologies and lean 
manufacturing tools to reduce time loss 
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and, as a result, reduce labor costs, increase 
output and accelerate turnover.

For the economic efficiency of any 
production, right from production decision, 
execution, control, and distribution, every 
economic good must be optimally allocated 
and used, so that in the event of unforeseen 
interruption or deviation, the quality of 
products is not compromised [1, 3, 7]. 
The paper provides insight into how 
the deployment of integrated digital 
technologies like RFID can lead to 
increased efficiency of companies, and 
enhance sustainable industrial growth. The 
assessment model developed by this study 
is a real-time visual production tracking 
system that enables efficient production 
targeted toward today’s extremely volatile 
production markets. The continual 
efficiency monitoring and assessment of the 
digitalized project will trigger timely and 
strategic managerial decisions to control 
unobtrusive production errors and eliminate 
hidden wastes.

The study fieldwork (the process 
of observation) to obtain information 
on financial and sustainable indicators 
commenced in January 2021 until June. 
The authors complemented the findings 
with expert interviews and validated the 
result with a case study.

The remaining part of the work is 
organized in the following manner. The 
next section is a review of various digital 
technology tools to improve productivity. 
This is followed by a detailed account of 
the methods used in section 3. Section 4 
highlights the study results while the results’ 
implications were disused in section 5. The 
authors concluded the study in the last 
section.

2. Literature Review
The industrial sector represents a 

key driver of research, productivity and 
job creation. Veugelers [11] explained 
that industrial processes are responsible 

for 80 % of the EU’s private innovations 
and 75 % of its exports.Yet, statistical 
figures still reveal that the global share of 
European manufacturing value dropped 
from 36 % in 1991 to 25 % in 2012. This 
would explain why after years of long 
decline of manufacturing, the issue of re-
industrialization experienced a renaissance 
on Western economic agenda.

With the new interest in the industrial 
sector, sustainable development issues also 
became a more popular research topic [12]. 
However, as with most countries and sectors, 
the sustainable development of the Russian 
garment industry can only be achieved if the 
problems highlighted earlier are eliminated 
with practicable and suitable solutions to 
production digitalization.

Fritzsche & Gölzer [13] shows the 
impact of the introduction of digital 
artificial intelligence in most industries, 
and came to the following conclusions: 
(1) Productivity will grow by 60–65 % 
in automotive, energy, transportation, 
and trade. The productivity of industrial 
enterprises on average will be able to grow 
by 40 %; (2) Operational efficiency will 
increase by 35 % in the pharmaceutical 
industry. Industry, trade, and energy sectors 
efficiency will increase by 15–20 %; (3) Best 
increase in the quality of work will occur 
in the automotive industry. The quality 
of pharmaceutical products will increase 
by 70 %; (4) Quality of industrial goods 
will increase by 30 %.

Other than this, many studies have 
also published different success stories of 
how digital technologies led to increased 
efficiency in various fields and sector and 
the development company. These results 
apply to industries in various countries, 
but the efficiency may differ due to the 
different levels of companies’ readiness 
for digitalization and government support 
as now shown in the following.

Shan et al. [14] studied the use of 
industrial Internet as digital technology 
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in heavy indust ry by consider ing 
the case of Sany Heavy Industry, a 
Chinese multinational heavy equipment 
manufacturing company. The results 
show that Sany implemented a smarter 
production to improve the efficiency of 
the business processes, which led to an 
increase in productivity by 8 %. Besides this, 
Sany was able to improve the timeliness of 
order fulfillment by 14 %, reduce energy 
consumption per unit of production by 8 %, 
reduce raw material reserves by 30 % and 
achieve an improved quality of products 
up to 100 %. The share of timely delivery 
itself was 95 %.

Jones et al. [15] investigated the use 
of RFID technology in production with 
calibrated tools focusing on the efficiency 
of implementation. The research brought to 
light that this technology is able to reduce 
labor costs, audit costs, proper use of tools 
and measurement accuracy. A detailed 
financial analysis of the use of RFID 
technology further showed a reduction of 
labor costs up to 20 % together with savings 
related to process optimization of about 
$60,000 while the net present value of the 
project was $4.5 million and the payback 
period ranging around 3 years. However, 
it is worth noting that this study did not 
take into account the maintenance of this 
technology.

Iluore et al. [16] studied the use of 
Real-Time Energy Management (RTEM) 
technology as digital technology to increase 
the efficiency of industrial equipment. This 
technology provides the exact location, 
status, condition, and maintenance history 
of an asset. From their research, Iluore et 
al. revealed that digitalization led to an 
increase of equipment usage by 30.8 %. 
The research brought to light that this 
technology automates workflow, saves 
time, reduces potential errors, and improves 
coordination of work.

Barosz et al. [17] simulated production 
lines using human resources and robots 

and tested them at some factories in 
Poland. A detailed analysis of using 
robots in production showed an increase in 
productivity by 30 % but additional increase 
in overall factory activity by 18 % due to 
the exclusion of human factors such as 
fatigue, slow work, high error rate, and 
high labor cost. In this case, technical and 
organizational problems arose during the 
approbation from equipment failure, power 
supply disruption, and insufficient quality.

Fu M. et al. [18] studied the use of 
digital twins. This research showed that 
the digital twins achieved the following: 
time reduction for production planning 
and product launching; system technical 
support; enhanced integrated system for 
production control automation; improved 
production personnel management that 
allows remote team participation; and 
simplified operations execution.

Khan et al. [19] studied the Electronic 
Asset Development program. The research 
showed that this program led to increased 
efficiency of information transmission. 
The processing of using sensors installed 
on key elements of logistics schemes of 
oil refineries also improved. A detailed 
analysis of the use of industrial Internet 
by Khan et al. [19] showed an increase of 
industrial capacity by 20 %, with further 
improved productivity corporation and 
optimization of production processes in 
the use of industrial Internet as a digital 
technology by United Engine Building 
Corporation.

Tsyokhla et al. [20] also investigated 
the use of the SharePoint Online (SPO) 
platform to build an engineering data 
management system. The result revealed 
that the SPO platform led to decreased 
work time spent on search and processing of 
technical information by 30 %. The payback 
period of the digitalization project ranged 
around 3–4 years due to reduced design 
time, time of commissioning equipment 
into commercial operation, increased 



Table 1. Comparative analysis of the efficiency of digitalization of industries

Author Technology Effects obtained in the 
author’s study

Effects obtained as 
a result of digitalization

Shan S. [14] Industrial Internet 
Technology

– productivity growth 
by 8 %

– productivity growth 
by 30 %

– delivery time 95 % – timeliness of order 
execution 100 %

Jones E.C. [15] RFID

– reduction of 
labor costs by 
20 % – payback period 
of the project of 3 
years

– reduction of 
labor costs by 
30 % – payback period 
of the project of 
4 months

Iluore O.E., Mamudu 
Onose A., Emetere 
M. [16]

RTEM – increase in 
equipment use by 30 %

– productivity growth 
by 30 %

 Barosz P., Gołda G., 
Kampa A. [17]

Manual 
laborrobotization

– productivity growth 
by 30 %

– productivity growth 
by 30 %

Tsyokhla S. Yu., 
Simchenko N. A., 
Moiseenko V. A. [20]

Digital Platform

– worktime saving by 
30 %

– worktime saving by 
25 %

– payback period of 
the project of 3-4 years

– payback period of 
the project of 4 months

Khan A. R. [19] Industrial Internet of 
Things Technology

– 20 % increase in 
equipment utilization

– productivity growth 
by 30 %
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volume of production, and sale of finished 
products.

Ilyina et al. [21] brought to light that 
the RFID-technology used by Transneft 
reduced equipment downtime, increased 
transparency and control of logistics 
processes, optimized warehouse operation, 
and t ranspor t, and improved labor 
productivity. A detailed financial analysis 
of the use of RFIDtechnology showed an 
annual saving due to the introduction of 
technology that was about 4.3 million rubles, 
and the payback ranged around 1 to 2 years.

Table  1  present s  a  compi led 
comparative analysis of the effects of the 
digitalization of industries enumerated 
above.

Table 1 presents cases of the 
introduction of digital technologies 
into production in various fields. RFID 

technology is actively used in textile 
industry at the moment. This technology 
allows you to read information at a distance 
without additional actions. RFID technology 
is used in textile industry at various stages: 
in production, in supply chains, in shops 
when selling.

Table 2 presents the results of research 
on using this technology in textile industry, 
as well as the effects that will be obtained 
after the technology introduction.

Table 2 shows the results of cases 
involving the RFID technology introduction 
in various areas of textile industry: in 
production, in the logistics system, shops. 
Based on the results of analyzing of cases 
on the RFID technology introduction during 
sales in the shop, stocks were reduced by 
13 %, the speed of reading tags from clothes 
was increased and time for picking clothes 



Table 2. Results of RFID technology introduction in textile industry

Author and title of the work Effects of the RFID technology 
introduction Quantitative result

Shops

Denuwara, N., Maijala, J., 
Hakovirta, M. Sustainability 
benefits of RFID technology 
in the apparel industry [5]

– inventory management;
– theft protection
– checking of picking in shops

– reduction of stocks by 13 %;
– availability of inventory in 
shops has increased to 90 %;
– increase the speed of 
reading tags from clothes by 
100 %;
– saving time on picking 
clothes 87 %

Supply chains

Ali, A., Haseeb, 
M. Radio frequency 
identification (RFID) 
technology as a strategic tool 
towards higher performance 
of supply chain operations in 
textile and apparel industry of 
Malaysia [6]

– increased productivity 
due to faster transmission 
of information and reduced 
delivery time

Chanchaichujit, J., 
Balasubramanian, S., 
Charmaine, N. S. M. A 
systematic literature review 
on the benefit-drivers of 
RFID implementation in 
supply chains and its impact 
on organizational competitive 
advantage [8]

– cost reduction;
– improving the quality and 
safety of products;
– reduction of equipment 
nonconformance;
– improving the information 
exchange and integration in 
real time;
– increasing the supply chain 
transparency;
– operational collection of 
a large amount of data for 
analytics

Denuwara, N., Maijala, J., 
Hakovirta, M. Sustainability 
benefits of RFID technology 
in the apparel industry [5]

– increasing the supply chain 
transparency;
– asset tracking;
– tracking of transport units;
– increasing the loading 
accuracy in logistics

– increasing the inventory 
accuracy by 65–99 %;
– reduction of errors in 
determining the location of 
goods by 90 %
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Author and title of the work Effects of the RFID technology 
introduction Quantitative result

Production

Choi, T. M., Yeung, W. K., 
Cheng, T. E., Yue, X. Optimal 
scheduling, coordination, and 
the value of RFID technology 
in garment manufacturing 
supply chains [7]

– profit growth due to shorter 
production time

– reduction of the production 
cycle by 16.7 %

Denuwara, N., Maijala, J., 
Hakovirta, M. Sustainability 
benefits of RFID technology 
in the apparel industry [5]

– improving the acceptance of 
materials;
– tracking the material flow 
in the production process

– reducing the order planning 
time by 5–10 %;
– reduction of errors in 
determining the location of 
materials by 50–80 %;
– sales growth by 100 % 
due to the reduction of 
outstanding orders;
– reduction of material 
processing time by 10–20 %

Wong, C., Guo, Z. 
X. (Eds.). Fashion supply 
chain management 
using radio frequency 
identification (RFID) 
technologies [10]

– increase in production 
efficiency by 50 %

– reduction of downtime by 
30 %;
– reduction of time losses 
during production by 50 %;
– reduction of defects by 30 %

End of table 2
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was saved by 90 %. Thus, in shops, theft 
protection and inventory management in 
warehouses in shops have been improved.

RFID technology is most often used in 
the supply chain, that is, when regulating 
supplies. With the help of this technology, 
the inventory accuracy increases by 80 %, 
and errors in determining the location of 
goods will be reduced by 90 %. Thus, the 
supply chain transparency will increase, the 
product delivery safety will increase, and 
the integration of real-time information on 
the location of goods will improve.

RFID technology is also used in 
the production process, which allows to 
reduce the time in the production of goods. 
Temporary losses in production are reduced, 
as well as equipment downtime. In addition, 
with the help of this technology, it is 

possible to track problems in the production 
process in real time. Thus, RFID technology 
in the production process makes it possible 
to reduce time losses both by reducing 
the production cycle and by operational 
management when tracking bottlenecks in 
real time, which will subsequently increase 
production capacity.

The implementat ion of digital 
technologies brings many positive effects 
at different stages for the company, but 
also carries a number of risks that need 
to be analyzed and minimized. There are 
two groups of risks that a company may 
have from the implementation of digital 
technologies:

1) R i s k s  of  t h e  “ k n owle d ge 
economy” (knowledge), which include 
talent management (creation, attraction, and 
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development), personnel training (training 
and education), and development of 
science (scientific concentration);

2) Infrastructural risks (technology), 
which include institutional infrastruc-
ture (regulatory framework), financial 
infrastructure (capital), and ICT infra-
structure (technological framework), slow 
changeover of business processes [23; 24].

One of the risks associated with the 
implementation of RFID technology is the 
risk of information security. Competitor 
potentially could gain unauthorized access 
to RFID-generated information and use it 
to harm the interests of the organization 
implementing the RFID system [25]. They 
also highlight the risk of the company’s 
business processes. Already established 
business processes may be disrupted by the 
introduction of RFID technology [34]. There 
are also external risks. RFID technology 
potentially could represent a threat to non-
RFID networked or collocated systems, 
assets and people [25].

Denuwara et al. [5] identified two 
types of risks: (1) environmental risks 
where natural resources get depleted due 
to material production and the air and 
water gets polluted from the harvesting and 
manufacturing processes of the material; (2) 
social risks related to inhumane working 
conditions where production is outsourced 
to lower labor cost countries in order for 
organizations to remain competitive.

Also, the implementation of digital 
technologies to improve the efficiency of the 
company in textile industry is challenging 
due to financial pressure on management 
to reduce costs and reduce lead times [5].

The highlighted cases presented the 
significant economic and production 
eff iciency improvements f rom the 
implementation of digitalization. Still, the 
review exposed the absence of a holistic and 
coherent methodology or taxonomy to assess 
the economic impacts of digitalization in 
manufacturing. The referred case studies 

also brought to light that depending on the 
business sector or the chosen technology, 
different types of efficiency parameters 
dominate the results but these parameters 
are dynamically linked. This dynamic 
interdependency of parameters noticed in 
digitalization projects led to the current 
study approach and inspired the need to 
develop an appropriate system dynamic 
model for economic efficiency assessment 
that can be empirically validated according 
to Sterman [22], whereby in this case, the 
authors used a garment industry in Russia.

3. Materials and Methods
3.1. Object of study
LLC Sportego is a St. Petersburg 

sewing company engaged in the production 
of sportswear. The company implements 
lean manufacturing and follows the value 
principle as an integral part of the concept 
of lean manufacturing. Value is a set of 
qualitative and quantitative properties of a 
product or service that allows meeting the 
needs of the consumers [22]. The production 
activities of the company for each operation 
are divided into three categories: actions that 
add value, forced work, and time loss [26].

The company plans to implement 
a digitalization investment project for 
technological process of the production of 
sublimation molds. The project involves the 
introduction of RFID technology to improve 
the efficiency of the implementation of the 
principle of lean manufacturing values. This 
technology automatically measures each 
operation using the three classifications and 
based on the data obtained, the company’s 
managers will be able to reduce production 
loss through the introduction of lean 
manufacturing tools [27].

The authors divided the digitalization 
project implementation into three stages:

Stage one: The digitalization project 
process

Stage two: Economic parameters 
analysis
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Stage three:  Project economic 
efficiency measurement

3.2. The digitalization project 
process
The purpose of the investment project 

for digitalization by Sportego is to introduce 
technology for tracking the production of 
sublimation molds in real time. According 
to Baptista et al [28], to achieve successful 
digitalization of the workf low for the 
production of sublimation molds, the 
digitalization project must be implemented 
for all production.

Thus, this technology will:
1) Monitor each unit of production at 

a specific stage of production [29];
2) Monitor bottleneck in production, 

globally (optimization of the entire produc-
tion process) and locally (determination of 
the place where the production process is 
inhibited) [30];

3) Monitor the production process 
of each order on the company’s website, 
enabling each client to track what stage the 
order is as well as stage of readiness [30; 31];

4) Develop a key performance indicator 
system (KPI) to control defects and 
increase employee motivation to increase 
productivity [32].

3.3. Economic parameters analysis
The introduction of RFID technology 

affects the productivity of the company, 
which is determined by two indicators: the 
labor intensity of manufacturing for a set of 
products and the output of the production 
per each personnel. Labor intensity is 
directly related to output, worktime, daily 
production rate, and personnel number.

It is expected that the digitalization 
project will lead to a reduction in labor 
intensity of manufacturing (by reducing 
t ime loss  with  the  help  of  lean 
manufacturing tools), and with constant 
work time and the number of employees, 
increase the daily production rate.

The growing output, in turn, will entail 
both an increase of revenue as well as an 
increase in variable costs, which include 
material costs that encompass the cost of 
RFID tags for each unit of product, plus the 
labor costs of commercial personnel (since 
the salary of commercial personnel 
in Sportego depends on the company’s 
revenue).

The investment project generates 
investment costs, which represent the 
cash f low from investment activities. 
Furthermore, the investment requires a 
source of financing, which will be reflected 
as cash flow from financing activities. The 
project is linked to the introduction of new 
equipment, for which depreciation will be 
calculated, directly affecting profits and 
tax payments.

3.4. Project economic efficiency 
measurement
To calculate the economic efficiency, it 

is necessary to calculate the cash flow of 
the investment project for the introduction 
of RFID technology for three types of 
activities:

• Operating activities (includes an 
increase in output and operating costs);

• Investment activit ies (includes 
investment costs);

• Financial activities (includes the cost 
of financing source).
Other relationships between the project 

indicators taken into account in the cash 
flow when calculating the efficiency of 
the project are further described in section 
4. However, to calculate cash flow, it is 
necessary to conform to the following 
algorithm:

Calculate cash flow from operating 
activities such as:

1) The additional revenue of the 
company due to additional output. 
Determine the percentage of reduction 
in time loss, which will reduce the labor 
intensity of the unit production;



Figure 1. Diagram of the impact of RFID technology (the authors)
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With the help of RFID technology, the Sportego company will measure the 

labor intensity of each operation: the time of adding value and time losses. Based on 
the data obtained, decisions will be made to reduce time losses, due to which output 
will increase. This will lead to an increase in the company's revenue and an increase 
in material costs. 

 
4.1. Economic parameters analysis and efficiency measurement 
The cash flow from operating activities consists of revenues in the form of 

revenue from additional output and payments because of an increase in operating 
costs. The following evaluation result was obtained.   

Additional revenue. With the help of RFIDtechnology, the authors carried out 
an analysis of reduction in labor intensity of manufacturing products and increase in 
output by reducing the time loss presented in Table 3. 

 
Table 3. Changes in labor intensity of operations due to changes in time loss 

Loss reduction, 
% 

Labor intensity of the 
operation, min. 

Additional output, 
sets 

Daily rate of 
production, sets 

90 23.2 178 428 
80 25.1 146 396 
70 26.9 119 369 
60 28.8 95 345 
50 30.6 75 325 
40 32.4 56 306 
30 34.3 40 290 
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2) The increase in material costs due 
to the introduction of RFID tags. Calculate 
the increase in defects;

3) The increase in the wage fund of 
commercial personnel;

4) The additional tax on profits from 
the project;

5) Calculate the cash f low from 
investment activities, which includes 
investment costs for the purchase of 
equipment and software;

6) Calculate the cash f low from 
financial activities, which includes the 
source of finance of the investment project;

7) Calculate the performance indicators 
of the investment project and evaluate the 
sensitivity of all project indicators. While 
doing this, the authors considered the 
reduction of time loss and demand for 
products.

4. Results
The R FID tech nology al lows 

monitoring the production process to 
enable making strategic and managerial 

decisions from the visualization of real-
life information obtained in tabular and 
graphical forms [33–35].

To implement the technology for 
tracking production in real-time, the 
market for these technologies was analyzed. 
In Russia, this technology is not in use 
especially in the production process at 
the garment enterprises. The analysis of 
the foreign technology market reveals the 
problem of restrictions on the import of 
these technologies to Russia in the context 
of sanctions.However an analog of the 
European and Asian technologies was found 
in the Russian market at First Bit, a global 
IT-company.

Thus, the technology chosen for the 
project operates on the following principles: 
an RFID reader attached to each workplace. 
All readers in the flow network and connect 
to a single computer to gather data. The 
RFID tag is programmed for each unit of 
production. These labels are attached to the 
fabric piece through the production flow. 
The data acquisition computer receives data 



Table 3. Changes in labor intensity of operations due to changes in time loss

Loss reduction, % Labor intensity of the 
operation, min. Additional output, sets Daily rate of production, 

sets

90 23.2 178 428

80 25.1 146 396

70 26.9 119 369

60 28.8 95 345

50 30.6 75 325

40 32.4 56 306

30 34.3 40 290

20 36.1 25 275

10 38.0 12 262

0 39.8 0 250

Figure 2. The initial labor intensity 
of manufacturing sublimation molds 

(the authors)
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Time loss was identified from continuous observation and measurement of the 

duration of each sublimation operation from each production process, the results of 
which are presented in Figure 2, which shows that the time loss account for 46% of 
the labor intensity of the product. 
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The hot press (sublimation equipment) limits the production capacity of the 

enterprise because it produces no more than 325 sets of products per day; in this 
regard, the maximum possible reduction in time loss is 50%. Based on the results 
obtained, Table 4 provides information on the monthly volume of production while 
reducing time loss by 50%.  

 
Table 4. Production Output Volume 

 

 Main production 
volume 

Additional 
production volume 

Models of clothes for calculation Soccer uniform (T-shirt + shorts) 
Daily production, sets 250 75 
Permissible rate of defects, % 2 2 
Monthly production volume, sets 7 500 2 250 
Monthly total production volume, taking into 
account defects, sets 9 750 

Monthly total production excluding defects/sets 9 540 
Price per unit, rub. 1 550 
Monthly sales revenue, rub 14 787 000 
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from all label readers through all stages 
of the process and updates production 
information in real-time [36]. The 
obtained data is analyzed and displayed 
in report form and graphs that represent 
a corresponding system dynamics model.

The RFID technology introduction will 
result in changing cash flows: operational, 
investment and financial ones, which are dis-
cussed in more detail in paragraphs  4.1–4.3. 
Figure 1 shows the scheme of RFID tech-
nology operation at the enterprise.

With the help of RFID technology, the 
Sportego company will measure the labor 
intensity of each operation: the time of add-
ing value and time losses. Based on the data 
obtained, decisions will be made to reduce 
time losses, due to which output will increase. 
This will lead to an increase in the compa-
ny’s revenue and an increase in material costs.

4.1. Economic parameters analysis 
and efficiency measurement
The cash flow from operating activities 

consists of revenues in the form of revenue 
from additional output and payments be-
cause of an increase in operating costs. The 
following evaluation result was obtained.

Additional revenue. With the help of 
RFIDtechnology, the authors carried out 
an analysis of reduction in labor intensity 
of manufacturing products and increase in 
output by reducing the time loss presented 
in Table 3.

Time loss was identified from contin-
uous observation and measurement of the 
duration of each sublimation operation 
from each production process, the results 
of which are presented in Figure 2, which 
shows that the time loss account for 46 % 
of the labor intensity of the product.



Table 4. Production Output Volume

Main production 
volume

Additional 
production volume

Models of clothes for calculation Soccer uniform (T-shirt + shorts)

Daily production, sets 250 75

Permissible rate of defects,% 2 2

Monthly production volume, sets 7 500 2 250

Monthly total production volume, taking into 
account defects, sets 9 750

Monthly total production excluding defects/sets 9 540

Price per unit, rub. 1 550

Monthly sales revenue, rub 14 787 000

Table 5. Impact of the investment project on the company’s performance

Indicators Change in indicators, %

Revenue growth 30

Increase in material costs 30

Growth in defects 30

Increase in the wage fund of commercial personnel 18

Increase in tax on profits 11
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The hot press (sublimation equipment) 
limits the production capacity of the 
enterprise because it produces no more 
than 325 sets of products per day; in this 
regard, the maximum possible reduction 
in time loss is 50 %. Based on the results 
obtained, Table 4 provides information on 
the monthly volume of production while 
reducing time loss by 50 %.

With a 50 % reduction in time loss, the 
daily production volume of the sublimation 
mold f low was 325 sets. Based on this, 
the total monthly production volume 
became 9 750 sets. Sportego’s productivity 
increased by 30 %. The average price of a 
T-shirt is 850 rubles; the price of shorts 
is 700 rubles. In total, the cost per set 
is 1 550 rubles. Monthly revenue for the 
production of 9 750 sets amounted to  

15 112 500 rubles. The total increase was 
3 487 500 rubles.

Increase in material costs. The initial 
material costs of the product set were 
determined, which amounted to 393 rubles. 
After the introduction of RFID technology, 
material costs amounted to 544 rubles due 
to the introduction of RFID tags for each 
unit of the product (Table 5). As a result, 
material costs increased by 38 %.

To calculate the growth of defects, 
the rate of permissible defects was 
determined, which amounted to 2 % of 
the total production. The main volume 
of production amounted to 7 500 sets per 
month, additional was 2 250 sets. Based on 
this, the total monthly production volume 
was 9 750 sets and 9 540 sets excluding 
those with defects. Consequently, the 



Table 6. Investment costs

Object of expenditure Price, thousand rubles Quantity Cost, thousand rubles

Printer 500 1 500

RFID readers 150 10 1 500

Installation of equipment 100 1 100

Software development 500 1 500

Personnel training 100 1 100

Total 2 700
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increase in the number of defects amounted 
to 45 sets (Table 5). Revenue growth, taking 
into account defective products, amounted 
to 3 417 750 rubles.

Increase in the wage fund of 
commercial personnel. Payroll calculation 
was determined as 3 % of the company’s 
revenue. The payroll of other employees 
remained unchanged since the organization 
has a time-based salary for production 
personnel. Table 4 also shows the increase 
in the wage fund of commercial personnel 
during the implementation of the investment 
project.

Additional tax on profits from the 
project. The company’s revenue, current 
costs, fixed production costs, depreciation 
of new equipment, interest payable on the 
loan were taken into account. Revenue from 
the sale of an additional 75 units amounted 
to approximately 3.4 million rubles. The 
increase in monthly tax on profits was about 
50 000 rubles or 11 % (Table 5).

4.2. Cash flow from investment 
activities
The proposals of First Bit were studied, 

which represent the investment costs for the 
purchase of equipment and software are 
presented as investment costs in Table 6.

The resulting investment costs are 
calculated based on the area of the facility 
in which the production is located and the 
number of production lines (1 sublimation 
mold production f low). In total, the 

investment costs amounted to 2.7 million 
rubles. In addition, the installation of the 
software resulted in monthly maintenance 
costs of 100 000 rubles per month. All of 
these were taken into account in the current 
costs.

4.3. Cash flow from financial 
activities
The authors analyzed the financing 

sources for the project and considered the 
state support, measures own funds, and 
a bank loan. The state financial support 
measures included Industrial Development 
Fund programs and subsidies. The 
minimum loan specified in the terms of 
the Fundamental Research Program (FRP) 
programs amounted to 5 million rubles, 
which is almost 2 times higher than the 
investments needed for the project, as a 
result, the company could not receive state 
support.

Since the company did not have the 
funds to support the project, a 2.7 million 
rubles loan with a rate of 11.5 % was taken. 
The form of payment was a differentiated 
payment of 20 months.

4.4. Performance indicators of the 
project
Table 7 shows the calculation of the 

project income and its payback.
Information on the company’s net 

profit was aggregated, which amounted to 
827 300 rubles, for a 20 monthly installment 



Table 7. The project income and payback

Month Cash flow,  
rub.

Cumulative cash flow, 
rub.

Net cash flow,  
rub.

Payback 
(yes/no)

1 679 206 679 206 -2 020 794 No

2 681 006 1 360 213 -1 339 788 No

3 533 653 1 893 866 -806 135 No

4 684 607 2 578 474 -121 528 No

5 686 407 3 264 881 564 879 Yes

6 538 355 3 803 237 1 103 234 Yes

7 690 008 4 493,245 1 793 242 Yes

8 691 808 5 185,053 2 485 050 Yes

9 543 057 5 728 111 3 028 107 Yes

10 695 408 6 423 520 3 723 515 Yes

11 697 209 7 120 729 4 420 724 Yes

12 547 760 7 668 489 4 968 484 Yes

13 703 125 8 371 614 5 671 609 Yes

14 704 715 9 076 329 6 376 324 Yes

15 554 358 9 630 688 6 930 682 Yes

16 707 897 10 338 580 7 638 579 Yes

17 709 487 11 048 070 8 348 066 Yes

18 558 431 11 606 500 8 906 497 Yes

19 712 669 12 319 170 9 619 166 Yes

20 714 259 13 033 430 10 333 425 Yes
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plan of 851 900 rubles. In total, the net 
cash f low in the first period amounted 
to 679 200 rubles, and an increment later 
in each period, and by the 20th period 
amounted to 714 300 rubles. Next, the 
authors calculated the net present value of 
the project and the payback period of the 
project. The discount rate was made by the 
owners of the company to be 15 % annually 
valued at 11 456 000 rubles, making the 
project attractive for investment. Thus, for 
a project that cost 2 700 000 rubles, the 
payback period was 4 months.

4.5. Risks of RFID technology
The implementat ion of  R FID 

technology is effective for companies in 
the textile industry. But the introduction of 
digital technology leads to risks. The risk 
can be attached to internal and external ones.

Table 8 presents the internal risks 
that will exist when implementing RFID 
technology. The table presents three types 
of risks of the project, which were studied 
earlier in the reseaches [5; 34; 35].

With the reduction of losses in the labor 
intensity of operations, the productivity of 



Table 8. Internal risks of the company in the implementation 
of RFID-technology

Type of risk Risks Consequences

Social risks Risk of failure to achieve labor 
productivity target

– no increase in additional output 
by reducing the loss of working 
time fund;
– increase direct labor costs

Risks of the 
«knowledge economy»

Risk of growth of defective 
production as a result of an 
increase in the rate of production 
and low personnel qualification

increase in material costs;reduce 
in the production of production 
personnel

Infrastructural risks Risk of growth in equipment 
utilization

increase in deterioration of 
equipment;increase in the use of 
electricity

Risk disconnected business 
processes

increase the time spent on 
transferring information between 
business processes;increase in 
the cost of production
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production will increase, respectively, the 
output per employee will increase. But not 
every employee will be ready to produce 
more products at the same wage. In this 
regard, the maximum efficiency from 
the introduction of technology will not 
be achieved. So company has risk of of 
failure to achieve labor productivity targe.

With the increase in output, workers 
will increase labor productivity, and 
defective production may increase, due 
to the fact that they increase the speed 
of production and wokers have low 
qualification.

With the growth of production volume, 
the equipment utilization will increase. 
Accordingly, the deterioration of equipment 
will increase. In addition, electricity costs 
will increase.

One of the risks is the disconnected 
business processes in company: data 
received from sales managers is not 
automatically transferred to the production 
depar tment. These actions require 
additional time to complete the order. To 
reduce the lead time and make it easier to 

analyze data from each business process, 
it is necessary to digitize all processes in 
the company.

There is also an external risk that the 
company cannot independently influence. 
It is risk of low demand for additional output 
of goods. If the company produces more 
products, the demand for products may 
change or remain at the same level.

4.6 Sensitivity Analysis
As part of the research, we assessed 

one internal risk (Risk of failure to achieve 
labor productivity target) and one external 
risk (risk of low demand for additional 
output of goods), which any project of 
digitalization can have.

An analysis of the sensitivity of 
the investment project was carried out 
according to two parameters: a) the share of 
reducing time loss in the total labor intensity 
of products and b) the demand for products. 
Analysis of the sensitivity of the project to 
the reduction in time loss was carried out 
according to the possible proportion of 
reduction from 1 to 50 %.



Figure 3. Sensitivity analysis of project to reduction in time loss operation (the authors)
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Figure 3 shows the results of NPV and 
payback period while reducing time loss 
from 1 to 50 %.

The authors determined the most 
effective reduction in time loss by two 
criteria. First, when the NPV is greater than 
zero (NPV > 0) and based on the results in 
Figure 3, the NPV > 0 would be at least 36 % 
less time loss. Second, when the payback 
period is up to 12 months (i. e. the term 
of use for the RFID-readers is 12 months). 
The result shows that the payback period 
of the project will be 12 months with a 
minimum time loss of 42 %. The project 
will be effective while reducing time loss 
from 42 % to 50 %.

An analog analysis of the sensitivity 
of the project on the demand for products 
was carried. This is the analysis of the 
project efficiency in terms of the demand for 
additional production where the minimum 
number of sales of products was determined 
when NPV > 0. The result shows that the 
implementation of the project will be 
profitable with a demand for the additional 
output being at least 60 %.

Accordingly, the investment project 
will be cost-effective under the following 
conditions: (a) reduction of time loss in 
the labor intensity of operations should be 
at least 42 %; (b) sale of additional output 

should be at least 60 % of the maximum 
possible value. The implementation of the 
project is effective for garment companies.

5. Discussion
According to the analysis results, the 

project to introduce RFID technology into 
the production process at a garment factory 
will lead to a number of effects, which are 
presented in Table 9.

The project to introduce RFID 
technology into the production process 
of Sportego LLC will lead to production 
volume increase, and subsequently to 
revenue growth by reducing time losses 
by up to 50 % and an increase in production 
volume by 30 %. The project in question 
had a manufacturing capacity constraint 
that prevented any further reduction in 
downtime.

Similar results were obtained in a study 
by Wong & Guo [10], which also analyzed 
a 50 % reduction in time losses due to the 
introduction of such technology, resulting 
in a 50 % increase in production efficiency.

Analysis of the results of other research 
projects on the introduction of RFID tech-
nology in the production process of gar-
ment companies showed a 30 % reduction 
in defects, a 20 % reduction in material 
processing time. These indicators were not 



Table 9. Effects and quantitative results of the introduction of RFID technology 
into the production process for various stakeholders

Category Effects Quantitative results

Buyer Possibility of tracking the order readiness 
and at what stage of production it is now

 

Owners Increase the company efficiency Revenue growth by 30 % 
due to the reduction of time 
losses by 50 %Sales department 

manager
Possibility of advising the client about the 
order readiness

Shop managers Possibility of tracking bottlenecks in the 
production process by tracking production 
in real time

 

Foreman Possibility of redistribution of labor force 
between streams

 

Production 
personnel

Labor remuneration growth  Wage growth due to 
productivity growth by 30 %

Quality inspector Possibility of tracking rejects  

HR Manager Possibility of tracking the output of each 
employee for the wage calculation
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analyzed in the study on Sportego LLC and 
may be considered in future studies.

Also, the introduction of RFID 
technology in other areas of the garment 
industry will show other effects associated 
with increasing the inventory efficiency, 
optimizing inventory, which is applicable 
in shops or logistics.

Unlike all the analyzed projects on 
the introduction of RFID technology into 
the garment industry, the effects in which 
the company owners are interested were 
identified, in our work, the effects for 
various stakeholders were highlighted: 
owners, buyers, sales managers, production 
personnel, etc.

The implementation of the investment 
project for digitalization of a technological 
process for a garment enterprise with 
the help of RFID technology and lean 
manufacturing tools led to an increase in 
productivity by 30 % due to an increase 
in the output of production personnel, 
reducing time loss in the production 
process by up to 50 %. As earlier reported, 

the introduction of RFID technology in 
the production of calibrated tools led to 
a reduction in labor costs by 20 % with 
a 3 years payback period [15], however 
from the current garment enterprise 
study, the reduction in labor costs was 
30 %, and the payback period was 4 
months. This difference may be due to the 
specifics of industries, for instance, the 
garment industry is characterized by high 
turnover. In addition, the study did not 
take into account the current costs for the 
implementation of the technology, which 
may also bear a significant influence on 
the efficiency of its implementation

When Sany introduced industrial 
Internet technology, they were able to 
increase productivity by 8 %, and achieve 
95 % timeliness delivery [8; 14]. This 
technology can be more effective if used 
in conjunction with lean manufacturing 
tools as successfully implemented by 
Sportego. Still, the technology (industrial 
internet technology) will increase energy 
consumption. RTEM technology is similar 
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to RFID technology, although it only 
monitors and focuses on the condition of the 
equipment. This technology can improve the 
use of equipment productivity by 30 % [16] 
but does not take into account personnel 
productivity, which may disrupt machine 
workflow. If mistakes are not caught early, 
total productivity will automatically reduce. 
The RTEM unlike the RFID seems to be 
suitable for enterprises with few working 
personnel and maximum automation of all 
production processes.

Even in the situation where robots 
were used to replace manual work to 
boost productivity by 30 % as studied by 
Barosz et al. [17], disruption of power 
supply and equipment failure led to a drop 
in the quality of manufactured products. 
The same with the use of the SPO digital 
platform that has helped the oil and gas 
industry to save working time by 30 %. 
However, the payback of such a project 
was between 3–4 years [20] which is a long 
time compared to the current study case 
that allowed the garment factory to save 
the working time of production personnel 
by 25 % with a payback period of 4 months. 
Furthermore, while the technology of the 
Industrial Internet of Things allowed 
increasing the capacity utilization by 20 % 
in the engine manufacturing industry with 
an increase in productivity [19], the current 
project, productivity growth improved 
by 30 % when used together with lean 
manufacturing tools.

The introduction of any digital 
technology will lead to the emergence of 
additional risks, primarily associated with 
the production process. The human factor 
can be a major operational risk factor. In 
addition, existing technological capacity 
may pose a risk of limiting the activity of 
new technologies.

Other researchers have most frequently 
identified the security risks associated 
with information obtained through RFID 
technology. Few studies have explored the 

inherent risks of garment companies in 
implementing RFID technology related to 
the manufacturing process. Nevertheless, 
the social risk associated with failure to 
achieve labor productivity target was 
highlighted both in the case presented in 
the study and in research of Denuwara [5] 
and Prasad [35]. Risk of failure to achieve 
labor productivity target of the workforce 
may lead to not achieving a reduction in 
time losses.

In research of Chen [36], external risks 
were noted, which are also highlighted 
in our work, associated with insufficient 
demand for an additional increase in 
production.

Summing up, agreed, the introduction 
of digital technologies can lead to 
increased efficiency of companies, and 
consequently, better enhance sustainable 
industrial growth; however, the choice of 
digitalization technology must be adjusted 
based on the specifics of the industry and 
the technological process.

In general, to increase the production 
efficiency in the garment industry, it is 
most effective to use RFID technology, 
which will help reduce time losses. Due to 
the released time, it is possible to increase 
output. This conclusion was confirmed by 
calculations in this paper and in the study 
of Wong & Guo [10].

The results of the study coincided 
with the results of studies by other authors, 
in particular with the results obtained in 
China, which confirms the hypothesis of 
reducing time losses and increasing labor 
productivity through the introduction of 
digital technology.

This work is limited by some elements 
that were not taken into account when 
calculating cash flow like the investments 
in current assets of the company and 
the product demand seasonality. These 
limitations may probably affect the 
performance of the company and are being 
considered in further studies.
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Work has some limitations. But the 
authors, however, proffered applicable 
solutions to each challenge. The main 
advantage of the implementation of this 
system is the ability to track production 
in real time. This technology will allow 
identify problems in the production process, 
which will allow to quickly making 
necessary management decisions. Although, 
with the reduction in time loss, the labor 
intensity of operations will decrease and 
productivity will increase but a major 
limiting factor of productivity growth and 
loss reduction may demotivate employees 
to increase product defects due to the 
acceleration of production processes.

To solve this problem, it is necessary 
to introduce a KPI system with the key 
indicators predetermined and agreed upon 
by each category of employees taking into 
account the volume of production and the 
rate of defective products that affect the 
level of wages.

6. Conclusions
The study carried out an investment 

evaluation project for the digitalization 
of a technological process at a garment 
enterprise. The objective was to reduce 
time loss, which would reduce the labor 
intensity of the production of a set and free 
up the working time of employees, thereby 
creating extra time that can be channeled 
into the production of additional products.

The result shows that the investment 
project led to an increased output due to 
improved productivity by 30 %, which was 
due to a reduction in the labor intensity of 
the product and an increase in the output of 
production personnel. In addition, because 
RFID tags will be required for each unit 
of the product, material cost increased by 
38 %. Taking into account the loan taken for 
the investment project (2.7 million rubles), 
the cost of the project with a reduction in 
time loss by 50 % ended up amounting to 
34 318 400 rubles.

The obtained results  conf i r m 
the hypothesis that the use of digital 
technologies leads to a reduction in 
time losses and an increase in labor 
productivity. Net present value amounted 
to 30 186 65 rubles with a discount rate 
of 15 % annually and a payback period of 
4 months.

The result of risk analyzes (project 
sensitivity test) reveals that a reduction in 
time loss from 15 to 50 % and an additional 
output of at least 42 % will be cost-effective.

The implementation of the investment 
project led to a change in two types of direct 
costs: labor and material. Material costs 
went up but labor resource savings came 
from the labor intensity of the production 
of set products consisting of three-time 
respites: the time of adding value, the time 
for forced work, and time loss.

Another problem that may arise is the 
inconsistency of the production process with 
other business processes. For example, the 
data received from sales managers are not 
automatically transferred to the planning 
department for the preparation of materials 
for sewing products or to the production 
department. What happens is that whenever 
this information is manually collated, the 
production personnel and specialists would 
only receive orders on paper (order passport), 
which is passed to the Kanban boards at 
each stage of production. This further 
requires additional time. To reduce the time 
of order fulfillment and the convenience of 
analyzing data from each business process, 
it is necessary to digitalize all processes in 
the company.

This research is critical for the 
implementation of smart production 
concepts needed for the industrial revolution 
agenda that thrives towards digitalization 
and network manufacturing as sources 
of economic efficiency, high production 
flexibility, and sustainability.

The study is theoretically significant, 
it identifies economic indicators that are 
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affected by the introduction of digital 
technologies in the garment industry. These 
include time losses, material costs, labor 
productivity.

The results of the study can be used 
by other clothing companies to evaluate 
the effectiveness of the implementation of 
digital technologies.
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Оценка экономической эффективности,  
эффектов и рисков проекта по цифровизации  

текстильной промышленности России

Т. Ю. Кудрявцева1 , К. С. Кожина1  , Г. К. Праузе2 , Ю. О. Оланийи3 
1 Санкт-Петербургский политехнический университет Петра Великого, 

г. Санкт-Петербург, Россия,
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г. Таллинн, Эстония,
3 Университет Турку, 
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Аннотация. Для повышения эффективности производства на промышленных 
предприятиях в последнее время применяют различные цифровые техноло-
гии, которые имеют различный эффект: сокращение времени, материальных 
затрат, сокращение производственного цикла, рост производительности тру-
да. Это исследование направлено на анализ и оценку эффективности цифро-
визации швейного производства, определение последствий и рисков проекта 
цифровизации. Проект цифровизации осуществлялся с использованием тех-
нологии радиочастотной идентификации (RFID) для мониторинга последова-
тельных процессов изготовления одежды. В данном исследовании проверяется 
гипотеза о том, что использование цифровых технологий приводит к сокраще-
нию потерь времени и повышению производительности труда. В ходе исследо-
вания измерялось время производственного процесса. Далее рассчитывается 
возможное снижение потерь времени за счет внедрения цифровых технологий 
в условиях существующих производственных мощностей. Временные потери 
были использованы для дополнительной добычи, что приводит к изменению 
денежных потоков компании. В результате были рассчитаны показатели эф-
фективности инвестиционного проекта, а его риски оценены с использовани-
ем анализа чувствительности. Теоретическая значимость заключается в опре-
делении экономических показателей, на которые влияет внедрение цифровых 
технологий в швейной промышленности. Внедрение технологии RFID дает воз-
можность контролировать параметры производственного процесса, что позво-
лило сократить потери времени на 50 %, снизить трудоемкость изделия и повы-
сить производительность труда персонала предприятия на 30 %. Реализация 
проектов цифровизации несет в себе риски для компаний. Одним из них явля-
ется риск недостижения цели по производительности труда. Также существует 
риск низкого спроса на дополнительный выпуск товаров. Чтобы свести к мини-
муму возможные риски, которые могут возникнуть, были предложены устойчи-
вые смягчающие решения.

Ключевые слова: текстильная промышленность; цифровые технологии; умное про-
изводство; Индустрия 4.0; оценка рисков; устойчивое развитие; экономическая 
эффективность; инвестиционный анализ.
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