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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 deriving a linkage between the internet and

Many manufacturing initiatives started ~ the manufacturing to facilitate dynamic
all around the globe to make production  production networks for flexible and open
smarter, achieve higher flexibility, speed up  value chains of complex mass customization
production cycles and increase sustainability.  products in small series up to lot size one
A promising approach seemed to be the production [1]. One often referred approach
fusion of the virtual and the real world, i. e.  represents the concept of the «Industry 4.0»
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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 [S]. 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 eliminate these negative
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 risks 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 empiric 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 & Golzer [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 industry by considering
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
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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 transport, 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 presents a compiled
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 1. Comparative analysis of the efficiency of digitalization of industries

Author Technol Effects obtained in the Effects obtained as
Htho cchnology author’s study a result of digitalization
—productivity growth |—productivity growth
; by 8% by 30%
Shan S. [14] Industrial Internet
Technology _ delivery fime 95 % —timeliness of order
clivery time ° | execution 100%
—reduction of —reduction of
labor costs by labor costs by
Jones E.C. [15] RFID 20%—payback period |30 %—payback period
of the project of 3 of the project of
years 4 months
Iuore O.E., Mamudu —increase in —productivity growth
Onose A., Emetere | RTEM . P y grow
equipment use by 30% | by 30%
M. [16]
Barosz P., Gotda G., | Manual —productivity growth |—productivity growth
Kampa A. [17] laborrobotization by 30% by 30%
—worktime saving by |—worktime saving by
Tsyokhla S. Yu., 30% 25%
Simchenko N. A., Digital Platform
Moiseenko V. A. [20] —payback period of | —payback period of
the project of 3-4 years | the project of 4 months
Industrial Internet of |—20% increase in —productivity growth
Khan A. R.19] Things Technology |equipment utilization |by 30%
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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]

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]

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

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

—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

—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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End of table 2

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]

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

—profit growth due to shorter
production time

—improving the acceptance of
materials;

—tracking the material flow
in the production process

—reduction of the production
cycle by 16.7%

—reducing the order planning
time by 5-10 %;

—reduction of errors in
determining the location of

Wong, C., Guo, Z.

X. (Eds.). Fashion supply
chain management

using radio frequency
identification (RFID)
technologies [10]

—increase in production
efficiency by 50 %

materials by 50—80 %;
—sales growth by 100 %
due to the reduction of
outstanding orders;
—reduction of material
processing time by 10-20%

—reduction of downtime by
30 %;

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

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 implementation 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) Risks of the “knowledge
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
efficiency improvements from 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

ISSN 2712-7435
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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 workflow 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
time 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 flow 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 activities (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;

m Journal of Applied Economic Research, 2023, Vol. 22, No. 1, 72-98
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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 flow from
investment activities, which includes
investment costs for the purchase of
equipment and software;

6) Calculate the cash flow 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 RFID technology allows
monitoring the production process to
enable making strategic and managerial

Increase in
output

v
A J

Increase in
material costs

Revenue Growth

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

Reduction of

" -«
time losses

Labor intensity

measurement

RFID-technology

Figure 1. Diagram of the impact of RFID technology (the authors)
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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.

Initial labor intensity, min.

losses

Action that .
add value 39,6 min
Figure 2. The initial labor intensity
of manufacturing sublimation molds
(the authors)

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

Loss reduction, % Lab;’;;“;gg:};‘i’i_the Additional output, sets | D21Y Tate Soeftsmd“mon’
90 232 178 428
80 25.1 146 396
70 26.9 119 369
60 28.8 95 345
50 306 75 325
40 3.4 56 306
30 343 40 290
20 36.1 25 275
10 38.0 12 262
0 39.8 0 250
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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 flow 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 1550 rubles. Monthly revenue for the
production of 9750 sets amounted to

15112500 rubles. The total increase was
3487500 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 7500 sets per
month, additional was 2250 sets. Based on
this, the total monthly production volume
was 9750 sets and 9 540 sets excluding
those with defects. Consequently, the

Table 4. Production Output Volume

Additional
production volume

Main production
volume

Models of clothes for calculation
Daily production, sets
Permissible rate of defects,%
Monthly production volume, sets

Monthly total production volume, taking into
account defects, sets

Monthly total production excluding defects/sets
Price per unit, rub.

Monthly sales revenue, rub

Soccer uniform (T-shirt + shorts)

250 75
2 2
7500 2250
9750
9540
1550
14787000

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

Indicators

Change in indicators, %

Revenue growth
Increase in material costs

Growth in defects

Increase in the wage fund of commercial personnel

Increase in tax on profits

30
30
30
18
11
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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 3417750 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
50000 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 flow). In total, the

investment costs amounted to 2.7 million
rubles. In addition, the installation of the
software resulted in monthly maintenance
costs of 100000 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
827300 rubles, for a 20 monthly installment

Table 6. Investment costs

Object of expenditure Price, thousand rubles Quantity Cost, thousand rubles
Printer 500 1 500
RFID readers 150 10 1500
Installation of equipment 100 1 100
Software development 500 1 500
Personnel training 100 1 100
Total 2700
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Table 7. The project income and payback

Month Cash flow, Cumulative cash flow, Net cash flow, Payback
rub. rub. rub. (yes/no)
1 679206 679206 -2020794 No
2 681006 1360213 -1339788 No
3 533653 1893866 -806 135 No
4 684607 2578474 -121528 No
5 686407 3264881 564879 Yes
6 538355 3803237 1103234 Yes
7 690008 4493,245 1793242 Yes
8 691 808 5185,053 2485050 Yes
9 543057 5728111 3028107 Yes
10 695408 6423520 3723515 Yes
11 697209 7120729 4420724 Yes
12 547760 7668489 4968484 Yes
13 703125 8371614 5671609 Yes
14 704715 9076329 6376324 Yes
15 554358 9630688 6930682 Yes
16 707897 10338580 7638579 Yes
17 709487 11048070 8348066 Yes
18 558431 11606 500 8906497 Yes
19 712669 12319170 9619166 Yes
20 714259 13033430 10333 425 Yes

plan of 851900 rubles. In total, the net
cash flow in the first period amounted
to 679200 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 11456 000 rubles, making the
project attractive for investment. Thus, for
a project that cost 2700000 rubles, the
payback period was 4 months.

4.5. Risks of RFID technology

The implementation of RFID
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

ISSN 2712-7435

Journal of Applied Economic Research, 2023, Vol. 22, No. 1, 72-98 E



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

Table 8. Internal risks of the company in the implementation

of RFID-technology

Type of risk Risks

Consequences

Social risks
productivity target

Risks of the
«knowledge economy»

Infrastructural risks
utilization

Risk of failure to achieve labor

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

Risk of growth in equipment

—no increase in additional output
by reducing the loss of working
time fund;

—increase direct labor costs

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

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

processes

Risk disconnected business

increase the time spent on
transferring information between
business processes;increase in
the cost of production

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
department. 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 %.
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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.

S. 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

Sensitivity of NPV

£15,000.00
P10.000.00
£5,000.00
P0.00
(P5,000.00)
(P10,000.00)
(F15,000.00)
(B20,000.00)
(P25,000.00)

(P30,000.00)

Change in time loss percentile

Figure 3. Sensitivity analysis of project to reduction in time loss operation (the authors)
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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 %
o .. . due to the reduction of time
Sales department | Possibility of advising the client about the o by S09%

manager

Shop managers

Foreman

Production
personnel

Quality inspector

HR Manager

order readiness

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

Possibility of redistribution of labor force
between streams

Labor remuneration growth

Possibility of tracking rejects

Possibility of tracking the output of each

Wage growth due to
productivity growth by 30 %

employee for the wage calculation

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

Journal of Applied Economic Research, 2023, Vol. 22, No. 1, 72-98

ISSN 2712-7435



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

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
34318400 rubles.

The obtained results confirm
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 The results of the study can be used
technologies in the garment industry. These by other clothing companies to evaluate
include time losses, material costs, labor  the effectiveness of the implementation of
productivity. digital technologies.
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AHHomayus. [1na noBblweHns adhdheKTUBHOCTY NPOM3BOACTBA H3 MPOMbILLNEHHbIX
NPeanpuATUSX B MOCeaHee BPeEMSA MPUMEHSAT Pa3nnyHble LMPPOBble TEXHOMNO-
MK, KOTOPblE UMEKT Pa3NNYHbIV 3MMEKT: COKPaLLEHE BPEMEHW, MATEPUESbHbIX
33TpaT, COKPaLLeHe NPON3BOACTBEHHOMO LIMK/IE, POCT NPOM3BOANTENbHOCTH TPY-
A43. 3TO MCCNeA0BaHME HaMPaBIEHO Ha aHaNn3 K OLEeHKY 3PdEKTUBHOCTY LMMPO-
BM3aLMM LUBEMHOIr0 NPOM3BOACTBa, ONpeaeneHre NocneacTBUA Y PUCKOB NPOEKTa
undposm3aumn. NMpoexT LundbpoBM3aLMM OCYLWECTBASNCHA C MCNOIb30BaHNEM TEX-
HOMOrMM PaONOYACTOTHON MaeHTUdMKaumm (RFID) ona MOHUTOPUHIa NocneaoBa-
TebHbIX MPOLECCOB M3rOTOBMEHNS OAexKabl. B 4aHHOM 1ccneaoBaHM NpoBEPSETCS
rMNoTes3a 0 TOM, YTO MCMO/Ib30BaHVE LMMPOBbIX TEXHOMOT MM NPUBOANT K COKpaLLe-
HWIO NOTEepb BPEMEHW 1 NOBbILLEHWIO NPOM3BOANTENBHOCTHX TPYAa. B xoge nccnepo-
BaHMS M3MepsAI0Ch BpeEMS MPOM3BOLCTBEHHOMO NpoLecca. [lanee paccymMTbiBaeTCA
BO3MOXHOE CHIKEHME MOTEPb BPEMEHM 38 CHET BHEAPEHUS LMDPOBBIX TEXHOMOMMIA
B YCNOBMAX CYLLECTBYIOLLMX MPON3BOACTBEHHbBIX MOLWHOCTEN. BpemMeHHble noTepu
BbINIM MCNONb30BaHbI ANS 4ONOHUTENbHOM 406bIYM, YTO NMPUBOANT K M3MEHEHUIO
OEHEeXHbIX MOTOKOB KOMMaHWW. B peaynbraTe bbinv paccynTaHbl NoKas3aTenu ad-
(MEKTUBHOCTN MHBECTULMOHHOIO NPOEKTa, 8 Ero PUCKM OLEHEHbI C MCMO/Ib30BaHM-
eM aHann3a YYBCTBUTENbHOCTW. TeopeTMYecKasa 3Ha4YMMOCTb 3aK/IH04aEeTCA B orpe-
OEeNeHM 3KOHOMUYECKMX MOKa3aTenen, Ha KOTopble BMSEeT BHeApPeHWE LMdPOBbIX
TEXHO/OrMI B LWUBEMHOM NMPOMbILLIIEHHOCTW. BHegpeHue TexHonorum RFID gaet Bo3-
MO>XHOCTb KOHTPO/IMPOBaTb NapaMeTpbl NPOV3BOACTBEHHOMO NPOLIECC3, YTO MO3BO-
JINNO COKPaTUTb NoTepu BpemMeHn Ha SO %, CHNM3UTb TPYAOEMKOCTb N34eNNs 1 NOBbI-
CUTb NPOM3BOANTENbHOCTb TPYAa NepcoHana npeanpuatnsa Ha 30 %. Peanusauns
NPoOeKToB LndpoBMU3aLLMM HeceT B cebe pucKku Ans KoMnaHuin. OgHUM U3 HUX SBNS-
€TCH PUCK HE[OCTUXKEHMSA Lie/I Mo NPOM3BOANTENBbHOCTM TPYAA. TaKXKe CylwecTByeT
PUCK HWU3KOr0 CNPOCa Ha AOMNOHUTENbHbIN BbIMYCK TOBaPOB. YT0bbI CBECTU K MUHM-
MYMY BO3MOXHble PUCKM, KOTOPbIE MOrYT BOSHUKHYTb, BbInn npegnoxKeHbl YycTonym-
Bble CMArYaLLMe peLleHns.

Kniouesble cnosa: TEKCTUNbHAA MPOMbILLIEHHOCTb; LMDPOBbIE TEXHOMNOT MW, YMHOE MpOo-
n3soacTeo; MHayctpus 4.0; oLeHKa pUCKOB; YCTONYMBOE Pa3BUTME; IKOHOMUYECKAS
3 PEeKTUBHOCTb; MHBECTULMOHHbBIA 8HaNU3.
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