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Industry 4.0 is the result of the development of cyber-physical generation systems as a part of the
fourth industrial revolution. Industry 4.0 sets new areas for change in the sphere of production and
management but also influences various aspects of society. Industry 4.0 is focused on continuous im-
provement of production processes. This is a turnaround in the production control methodology, as the
growing expectations of customers in the modern market cause, along with the increase in production
efficiency, customisation of the product. In this trend, the customer decides about the product, person-
alising it as much as possible and in the best possible way. These are new challenges in the field of
inventory management. The article aims to present a method of calculating the optimal amount of the
cost of a rotating stock in a production enterprise with an unevenly distributed demand, which is the
case with personalised orders.
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1. Introduction

The contemporary nature of production is shaped by changing the paradigm from
mass production to production at the customer’s request. The name Industry 4.0 has
been used since 2000. Industry 4.0 marks the fourth industrial revolution in which it is
assumed that it is a vision of intelligent factories built of intelligent cyber-physical sys-
tems. The implementation of this idea should enable the development of intelligent pro-
duction systems which, in addition to the aforementioned autonomy, will have the fea-
tures of self-configuration, self-control, and self-education [2, 3].
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Strong competition and growing customer expectations in the modern market mean
that along with the increase in production efficiency, product customisation takes place,
i.e., the production in which the customer decides about the product [1]. At the same
time, the price of the product should be close to the price of products produced in mass
production. This is exactly what the industry 4.0 concept provides, which assumes the cre-
ation of a fully integrated system of suppliers, producers and clients creating so-called cyber-
physical (CPS) systems, which are open socio-technical systems, capable of implement-
ing several functions and actions imposed by production, logistics or management. This
situation brings new challenges in the area of inventory management [13]. As a result,
production speed will increase by around 30% and productivity by at least 25%. At the
same time, complaints will be eliminated, and material saving will be noticeable [4].
A characteristic feature of Industry 4.0 will be fast and individual products for the cus-
tomer’s needs, not cheap and not massive [22].

Changes in production processes will only be possible if proper tools for a rapid
redefinition of production are guaranteed, for which the company’s logistics department
must be prepared. Industry 4.0 is changing the way we work across the supply chain.
Using Al, sensors and Internet of Things (IoT) technology, a smart and data-driven dis-
tribution centre can be developed by, for example, cross-referencing enterprise resource
planning (ERP) systems with consumer trends data [17].

Stocks are one of the components of the analysis of management efficiency in the
production process. One of the most important elements of logistic processes at every
stage of the functioning of production enterprises, i.e., in procurement, production and
distribution, are stocks. Thanks to them, materials flow efficiently and can also play an
important role in situations of risk and uncertainty [10—12].

The primary goal of inventory management is the ability to react responsibly to the
changes in demand, but, at the same time to lower the maintenance of inflated stocks. Con-
cerning quality, a certain level of customer service, both internal and external, can be pro-
vided. Another important goal is to avoid excess and bottlenecks in the production process
by tracking the current and future demand for all necessary goods [1].

The most important thing in stock management is the ability to make four important
decisions. The first one is to indicate the materials in which stocks will be maintained. The
next decisions are to determine the method of inventory control, the size of the batch of
deliveries or production, as well as to assess how long the order will be processed. For such
decisions, it is very important to distinguish the types of demand [4]. Industry 4.0, referred
to as the upcoming future of production, raises the question of what changes companies and
managers are waiting for. Adapting small and medium-sized enterprises to the conditions
of Industry 4.0 raises many concerns, requires solving many problems and generates the
need to build various tools, supporting, among others, warehouse management.

The article aims to present the method of calculating the optimal amount of the cost
of a rotating stock in a production enterprise with an unevenly distributed demand,
which is the case with personalised orders.
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2. Review of the subject literature.
Personalised production management in the era of Industry 4.0

The Fourth Industrial Revolution, like the previous three revolutions, is a challenge
for enterprises. Industry 4.0 results in a change in the production paradigm in favour of
non-standard (personalised) production, tailored to the individual needs of customers.
The ability to offer customers highly personalised products at low prices causes changes
in the organisation of the entire production cycle, logistics, and management [16, 20].

Thanks to the development of ICT networks, it is possible to create a fully integrated
system of suppliers, producers and customers, operating in open virtual networks. Accord-
ing to this concept, ICT-based solutions will be integrated with all subsystems, production
and logistics processes, system resources and networks of suppliers and customers.
Therefore, newly designed ICT systems will integrate entire supply chains, creating
Cyber-Physical Systems (CPS), which are open social engineering systems [15]. CPS
systems should ensure the collection of large amounts of data, their processing and im-
pact on physical processes throughout the enterprise network employing an unlimited
number of network connections at the same time [22]. One of the assumptions of the
transformation within Industry 4.0 is the use of CPS mechatronic products (machines,
devices, robots, means of transport, etc.) intensively employing them to create new per-
sonalised products, virtual documentation, models in 3D printing technology, product
manufacturing in a virtual production environment, checking its correctness, transition
from the virtual production environment to the real environment, with the active partic-
ipation of the customer affecting the product design and production process. This means
that it will be possible to meet the consumer’s expectations thanks to the dynamic ad-
aptation of the autonomous modules of the entire production preparation process, pro-
duction, and delivery of the product to the consumer [21].

In the era of Industry 4.0, mass customisation of products and services is to become
more beneficial than mass production. Changes introduced in the production processes
are to enable the implementation of activities in the design and manufacture of the prod-
uct initiated by the customer [23]. Personalisation of production can take different
forms, depending on the degree of customer influence on the new product [5, 6, 14].
The highest degree of customer interference (the most expensive and the most difficult
to organise) occurs in the case of pure customisation, in which the customer participates
in the product design phase and has an impact on the product production process and
distribution. An easier way to organise product customisation is tailored customisation,
where the customer is involved in the product production phase and has an impact on
the shape and dimensions of standard product components [19]. A more limited cus-
tomer impact on the manufacturing process can be seen in the customised standardisa-
tion strategy, where the customer has an impact on assembly or distribution by selecting
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the available configuration options for the standard product. In both types of customi-
zation, the price of the product must be close to the price of the product offered in mass-
production or mass Production [7]. This type of production is a big challenge for inven-
tory management [18].

3. Research method and result

The rotary inventory is primarily associated with regular consumption as well as with
the supplies that are intended to cover anticipated and current demand. It is renewed based
on the information level and periodic review. Under the Industry 4.0 concept, enterprises
will be forced to dynamically change the size and type of rotating stock [8].

The article uses data from a medium-sized production enterprise. Due to the limited
possibility of publishing the data in the article, the details that identify the examined
enterprise have been omitted. The study shows how the cost of the rotating stock will
look like when demand is unevenly distributed, which happens in the case of customis-
ing the product. The adopted period will be three months because the planned demand
is unevenly distributed (every quarter) during the year. Table 1 shows the demand in
each quarter. Wilson’s formula for the economic size of the order was also used in the
calculation, but taking into account that the adopted period is not a year, but quarters.

Table 1. Demand distribution throughout the year

Volume of demand: quarter I | 0.15|15%
Volume of demand: quarter II | 0.2 [20%
Volume of demand: quarter I11 | 0.3 [30%
Volume of demand: quarter IV | 0.35|35%

The following relationships were used [8]:
e Economical volume of the order (EWZ)

2PP
EWZ = 2PEk, (1)
Cu,
e The cost of a rotating inventory in a given quarter (KZR)
KZR =i0k"+0.5u0CEWZ @)
EWZ

where PP, — planned demand, &, — cost per delivery, C — purchase price, u, — periodic
stock-holding ratio,
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e Total cost
KZR = Z KZR'T +Z KZR'I +Z KZR'I +Z KZR'IV (3)
KZR' = 87 922.16

KZR= KZRI+) KZRI+» KZRUI+Y KZRIV (4)

KZR'— KZR = 18 504.36

When comparing total costs in both cases, it can be noticed that the costs in the
second situation increased by approx. 27%.

Figure 1 shows the calculation of the cost of a rotating stock for unevenly distributed
demand. In contrast, in Fig. 2 (for comparison), the calculation of the cost of the rotating
stock would be presented if unequal demand in quarters were omitted. At the same time,
the value of the economic order size for individual raw materials was assumed for
a whole year.

From the presented calculations it is clear that if the demand is not evenly distrib-
uted (which is usually the case in production adjustment), the size of the economic order
should be calculated for each period, so as not to incur unnecessary costs associated
with the purchase of raw materials and/or maintenance/preservation of stocks.

4. Discussion and conclusions

The globalization of brands, the increasing availability of products, the ability to
make purchases at the other end of the world without leaving home are just some of the
opportunities offered by the modern consumer market. Its ever more dynamic develop-
ment also means that gaining competitive advantages goes beyond classic norms, i.e.,
competing with price, availability, and quality. Modern customers are already accus-
tomed to a large selection of goods and the privileged position in which they find them-
selves, and thus they expect more than just the best quality product at the lowest price.
This trend is a big challenge for inventory management. Production tailored to the indi-
vidual needs of the customer is difficult to predict and to precisely design.

Inventory management is one of the basic logistics functions of a production com-
pany, including planning, organisation, implementation and control of these phases of
goods flow. In connection with the customisation of production that takes place in the
Industry 4.0 concept and mass customisation, this type of management must be highly
flexible.
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When companies adapt to the requirements of Industry 4.0 and new customer ex-
pectations, small and medium-sized manufacturing companies require special support.
As these companies very often do not have large resources to purchase specialised soft-
ware, an excellent inventory management tool will be presented. It is easy to reproduce
and it does not require any spreadsheet.

From the analysis of the literature on the subject, it can be concluded that rotating
stocks are the most important in inventory management. Their validity is, among other
things, since such stocks are necessary for the proper functioning of the company and
they show regular delivery and sales. The application of the presented method of calcu-
lating the rotational stock allows for wise management, elimination of unnecessary
costs, all of which can be extremely useful in the era of the Industry 4.0 concept and in
the need to create a smart enterprise.

Summarising the challenges posed by production personalisation in the era of In-
dustry 4.0 for small and medium-sized enterprises, it should be noted that it is currently
difficult to predict how customers’ expectations will develop. Along with the develop-
ment of Industry 4.0, new opportunities and threats for enterprises, as well as social
expectations, appear. This creates new challenges for particular departments in the com-
pany and their management. Building a new industry is not easy, because it necessitates
providing new enterprise resources. Formulating and adapting to changes is a long-term
activity that requires large material and financial outlays. It increases the need for re-
search on the problems of management of the whole supply chain in small and medium-
-sized enterprises operating in the era of Industry 4.0.
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