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INTRODUCTION

Modern technology is undoubtedly having 
an impact on businesses. With the advent of suc-
cessive improvements, companies are generating 
more and more profits, improving the quality of 
production or creating new products. With the ar-
rival of the third and subsequent industrial revo-
lutions, IT system solutions have been perma-
nently adapted to the needs of business entities. 
On the other hand, changes within companies 
are also implied by new ways of organising work 

or cooperation within capital groups or various 
types of partnerships. New ways of performing 
tasks have emerged, both internally and in the 
organisation’s external environment. There are 
many methods of implementing modern techno-
logical solutions, including external outsourcing, 
purchase or in-house outsourcing, as in the case 
of the aforementioned capital groups [1]. The de-
cision related to the purchase of a new technology 
involves a number of risk factors regarding the 
success of the implementation activities and the 
costs that go with them.
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From the perspective of the industrial revo-
lution, in particular, Industry 5.0 [2,3], a new 
perspective is opening up for companies in the 
use of collaborative robots (collaborative ro-
bots, cobots). The use of such devices cooperat-
ing with humans directly on the shop fl oor ap-
plies to both business-critical and auxiliary pro-
cesses [4] (Fig. 1).

As the concept of cobotic systems is rela-
tively new, it raises many questions both in terms 
of specialized, implementation, but also organi-
zational or management solutions. This is a re-
search gap identifi ed by the authors. Therefore, 
this article presents concepts for the implementa-
tion of cobots in organizational and management 
terms, indicating both tools and possible imple-
mentation models. The presented course of action 
is to present a path for the implementation of a 
cobotic system in a manufacturing system using 
dedicated simulation, business, and management 
tools. The steps shown, due to their organization-
al-management nature, are the same for diff erent 
types and kinds of cobots.

To present application recommendations for 
business conditions (implementation model), or-
ganizational tools (VSM) [6,7], and identifi cation 
of tasks (activities) dedicated to cobots, a concept 
case was developed. Its purpose is to illustrate the 
impact of the operation of the presented solutions 
on the effi  ciency of the manufacturing system. 
Particular attention was paid to those systems 
where, due to the high cost of possible reorga-
nization, cobots are implemented in the existing 
manufacturing system.

Cobots and Industry 5.0

Collaborative robots are dedicated to direct 
interaction with humans, where manufacturing 

tasks are carried out together [8]. Cobotic sys-
tems are clearly diff erent from autonomous in-
dustrial robots as they are not isolated from hu-
mans. They operate in the same workspace as 
humans. This feature, i.e. the ability to combine 
the strength of the cobot together with the sensi-
tivity and dexterity of the worker, is the source 
of many benefi ts in terms of ergonomics, pro-
ductivity [9] or safety.

The end state is both the acquisition of a co-
bot and its successful implementation [3]. Each 
cobotic solution must be properly confi gured (se-
ries of tests) and tailored to the needs of the task 
(data collection). As part of this process, machine 
learning [10–12] is carried out to develop cobot 
control algorithms adequate to the conditions of 
the working environment as well as the capabili-
ties of the machine. For these reasons, implemen-
tation is a dedicated, highly specialised service. 
It also carries the risk of failure if reliable data 
cannot be obtained [13].

The implementation of a cobot on the pro-
duction fl oor involves a series of tasks as well as 
costs. Key costs include: the cost of the cobot, 
the cost of installation (adapting the machine en-
vironment), the cost of training the cobot (data 
collection), the cost of training employees, the 
cost of maintenance (maintenance/repair), the 
cost of use (electricity) and the programming 
costs associated with operating the cobot [14]. 
Therefore, the decision to implement this type 
of solution requires analysis and involves an in-
vestment risk for the company. The investment 
should be long-term.

A fundamental question arises: which ele-
ments of the manufacturing system can be sup-
ported by cobotic systems [4]. As the literature 
indicates, this is particularly relevant for manual 
jobs. This type of job, which relies on the skills 
and availability of workers, can relatively easily 
become a bottleneck in their absence. This situa-
tion can occur in the following cases:
• replacing an absent, trained, highly skilled 

worker with a new one who has to learn the 
job from scratch;

• a human-induced production error, which re-
sults in the need to repair or rework individual 
product components;

• physical limitations of workers (e.g. fatigue, 
loss of concentration, routine), which aff ects 
the speed and quality of work;

• the need to remove quality defects from previ-
ous jobs.Figure  1. Human – cobot assembly system [5]
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It is expected that the integration of a cobot 
into a manual workstation will relieve the worker 
of some of the work and increase productivity 
by preventing the workstation from becoming a 
bottleneck [15].

The issue of cobot deployment forms the ba-
sis for the implementation of Industry 5.0 solu-
tions. Industry 5.0 is defined as a human-centered 
design solution in which an ‘ideal’ human and 
cobots collaborate with various resources in an 
organization to enable personalized, autonomous 
production through corporate social networks 
[16,17]. Cobots are not programmable machines 
but can identify and understand human presence. 
In this context, cobots will be used for repetitive 
tasks and labor-intensive work, while humans 
will take over personalization and critical think-
ing tasks [18].

Industry 5.0 redefines the workforce, where 
man and machine work in joint interaction to 
increase process efficiency. This is done by har-
nessing the human brainpower and creativity of 
workers and integrating workflows with intelli-
gent systems [16]. This is one of the promising 
developments, as highlighted by, among others, 
the European Union agenda indicating that the 
implementation of cobots is the way forward for 
sustainable, human-centered industry [19].

Business models for cobots implementation

The choice of business model for imple-
menting cobots, depends on many factors. The 
decision in this respect depends on the type and 
scale of the business, as well as the specifics of 
the individual company and its financial capabili-
ties. Any change in companies involves resources 
and risks, and should be supported by financial 
analysis and/or modelling and simulation taking 
into account various criteria, e.g.: operational 
efficiency, safety, ergonomics, development op-
portunities, work organisation and confidence in 
automation [20]. 

The decision to purchase machinery, equip-
ment, or technology should be supported by prop-
er analysis, e.g. ‘make or buy’. ‘Make’ means 
producing in-house, e.g. buying cobots, and ‘buy’ 
means buying a service from an external part-
ner (e.g. outsourcing, leasing). When it comes to 
purchasing cobots that work with employees on 
workstations, activities should start with defining 
the strategic goals of the company. This is fol-
lowed by determining the volumes of demand for 

products that follow the implementation of pro-
cesses supported by cobots. Subsequently, a com-
parative analysis of the company’s processes and 
market offerings are developed and a decision is 
made to purchase the technology. The enterprise 
must be aware of the costs of purchasing the co-
bots and, if applicable, the infrastructure support-
ing their operation, training employees, and set-
ting up a department to deal with the operation of 
the new technology within the enterprise, as well 
as taking the risks associated with the failure of 
implementation activities [21].

In the case of outsourcing, companies have 
the opportunity to benefit from global sources of 
competence, skills, and knowledge. It becomes 
more important to have access to resources rather 
than to own them [22]. Building a competitive 
advantage in the market and developing a com-
pany’s technology is possible by excluding aux-
iliary processes from the organizational structure 
and focusing on core processes [1]. In the case 
of cobotic technology implementation, the parent 
company should find a partner with the equip-
ment, technology, and knowledge of services in-
cluding implementation, employee training, post-
implementation care, and maintenance. The type 
of collaboration chosen can be based on, among 
other things, an initial, one-off fee, followed by 
monthly fees, subscription fees, etc. 

When an organization offers a unique ser-
vice, product, or technological process, it is im-
portant to properly secure the know-how [23]. 
In such cases, the concept of in-house outsourc-
ing (IHO) is recommended. IHO is based on the 
outsourcing of selected parts of the process, e.g. 
production, which are hermetically sealed within 
the boundaries of the whole enterprise [24]. The 
IHO concept is applied, among other things, in 
a corporate group. It involves the cooperation of 
two independent entities linked by capital through 
a parent company [25]. This assumes a situation 
where the capital group includes a company that 
has the provision of cobots as part of its services, 
along with full support for implementation work 
and post-implementation care [26]. The second 
option is when the capital group establishes a new 
company that provides cobot outsourcing services 
to other companies within the group, as well as to 
external companies. In this way, the newly created 
subsidiary gains access to resources and shares 
in the group’s results [27]. The application of the 
second option should have a positive economic ef-
fect, in the form of a faster return on investment.
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Value stream mapping

Lean Management (LM) in Industry 4.0 has 
been present for a long time [28–32], neverthe-
less, the perspective of Industry 5.0 and the use of 
cobots seems to be a new idea [33]. Undoubtedly, 
lean management and Industry 5.0 can comple-
ment each other [6,34]. For production processes 
implemented in a data-rich environment, Industry 
5.0 technologies and the solutions offered by lean 
management must be combined in a common me-
dium of communication. [7,35]. To effectively 
exploit the benefits offered by lean in industry, an 
adaptation of one of the most widespread meth-
ods, Value Stream Mapping (VSM), is proposed 
[36,37]. In this configuration, both approaches 
(LM and Industry 5.0) can be ratified under the 
common goal of eliminating waste [38,39]. The 
implementation of VSM enables the implemen-
tation of a plan to provide the customer with a 
product that meets expectations at the lowest pos-
sible cost of production and uses the least amount 
of resource needed to create it. At the same time, 
it is a space for the use of cobots, which, by re-
placing human activities in certain processes, 
will contribute to the optimization of production 
processes [40]. The overarching goal of LM is to 
eliminate waste (Japanese: Muda) from processes 
[38]. The value stream visualizes all activities 
necessary to produce a product (both value-add-
ing, VA; and non-value-adding, NVA). Thus, the 
VSM should be seen as a pictorial representa-
tion of the product production flow throughout 
the plant. Assuming that the primary purpose of 
the VSM is to provide a visualization of process 
cycle times, inventory buffers, operator deploy-
ment, and work and information flows in an area 
(which aims to capture the entire transformation 
from raw materials to finished goods), it can be 
assumed that this technique will be effective for 
identifying and eliminating waste. To obtain opti-
mal results, it is necessary to focus on operations 
(jobs) that may represent bottlenecks [41]. In this 
way, it is possible to obtain a significant amount 
of data (e.g.: duration of operations, workstation 
changeover time, types of operations carried out 
at the workstations, production time per unit of 
product, number of operators involved in a given 
operation, production batch size, etc.) that can be 
used in subsequent stages of production system 
improvements [42]. A thorough analysis of the 
collected data and its proper presentation allows 
the identification of bottlenecks, which may be 

downtime for machine changeovers, availability 
of tools, delivery of parts or components, extend-
ed time of transport or auxiliary operations, etc. 
[42]. In the authors’ opinion, the identified areas 
are spaces for the use of cobots.

Lean management distinguishes seven types 
of waste in a company, among which the authors 
distinguished five that can be reduced or elimi-
nated by cobots: defects, unnecessary movement, 
excessive processing, waiting, and unnecessary 
transport [16,43,44]. Properly configured and 
trained cobots can support the actions of employ-
ees in eliminating the above types of waste through 
appropriate interactions [45]. The two other types 
of waste defined by Lean are overproduction and 
inventory, which can also be eliminated using 
proper Lean techniques (including: just in time, 
the right size, and just enough), nevertheless the 
authors do not find use for cobots here.

COBOTIC SYSTEM DEPLOYMENT MODEL

Concerning the literature research conduct-
ed, the possibility of implementing cobots using 
modern business and management solutions is 
described. The solution is a set of steps necessary 
for the implementation of a cobotic system. The 
process starts with a feasibility analysis, where 
the technical feasibility of implementing a cobot 
within the implemented processes (power supply, 
communication paths, security) is indicated. This 
is followed by an economic analysis to confirm 
that the implementation of a cobot makes good 
business sense. This is followed by the selection 
of an appropriate deployment model under the 
economic results. In the next step, an analysis of 
the production process is carried out to identify 
locations (operations) where cobots can be used. 
In the final step, a technical simulation is carried 
out to confirm the feasibility of cobot deployment 
(checking assumptions), and a final management 
decision is taken (Fig. 2).

The issues of feasibility and economic vi-
ability analysis depend on the type of company, 
its machinery, human capital, and investment 
opportunities. A thorough analysis is required 
for each enterprise. Therefore, due to the scope 
of the solution described, the last four steps are 
described later in this article. In this connection, 
special attention is given to the issues related to 
the implementation model, as it depends on the 
industry and the type of production process being 
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implemented. Then, according to the literature 
[15], cobots should be implemented where manu-
al workstations take place to reduce waste. On the 
other hand, the task of simulation is to confi rm or 
deny the assumptions made. Given the collected 
data, the last step allows decisions to be taken on 
implementation, or to refer the solution to the pre-
vious step to repeat the procedure.

Concept case

To illustrate the concept presented, a concep-
tual use case was prepared based on the produc-
tion process for self-assembly kitchen furniture. 
Since in the adopted model, production is carried 
out by a company classifi ed as a large enterprise, 
outsourcing was selected as the implementation 
model. The method used to select operations ap-
propriate for cobots was VSM. Simulations were 
made adequate to the operation times for the ma-
chines forming the process described in the lit-
erature [5,46]. The fi nished product realized in 

the furniture manufacturing process is a package 
consisting of six sides, accessories, and ground 
glass (Fig. 3).

 The production process begins with the tak-
ing of material from the delivery. The materials 
are supplied as chipboard in standardized sizes, 
edging in the form of rolls. On the other hand, 
furniture accessories as well as glazing are sup-
plied by subcontractors. 

A key part of the process is the cutting out and 
preparation of the sides. This process involves sev-
eral operations. In contrast, single operations are 
carried out for glazing and accessories. In the pro-
cess, breakaway fi elds are located between opera-
tions. A critical operation for the process is wrap-
ping and packaging. These operations are carried 
out by two employees working at one station.

To localise the operations for the implementa-
tion of cobotic solutions and to identify possible 
time savings, the previously described VSM tech-
nique was used. Figure 4 shows a furniture pro-
duction process without cobotic solutions – solely 

  Figure 3. Furniture production process [40]

Figure  2. Model for implementing cobots
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based on human operators. In this case, all tasks 
are performed manually. 

The timing of the operations carried out at the 
edge banding machine and packaging is notewor-
thy. As these are operations that require manual 
work, it is a fact that they are carried out at in-
dividual workstations. For this reason, they can 
be regarded as critical operations with potential 
bottlenecks. As such, they have been selected as 
operations for cobot implementation. The selec-
tion of a suitable cobot is dictated by the available 
space within the shop floor, the scope of the work 
to be carried out, and the implementation time. It 
is natural that the use of cobots only makes sense 
if the technical parameters of the robot exceed the 
capabilities of the worker. On the other hand, its 
work also has to be adapted to the worker’s pace. 
Thus, taking into account the constraints that 
characterize workers (including social, physi-
ological, psychological, etc.), longer preparation 
and completion times were assumed for them 
than for cobots for the operations carried out. It 
was assumed, regarding the literature [5], that the 
difference is 90 seconds (60 seconds at the start 
and 30 at the end of the task). In line with the 
assumed concept case, the time associated with 
the installation of the cobot in the process was 
not included in the VSM. Figure 5 shows a value 
stream map of the cobot-enabled furniture manu-
facturing process for the two jobs mentioned.

After calculating the time (sum of VA times) 
for the added value, the expected change in cobot 
deployment allows a 4.76% (180s) reduction in 
time. Percentage change in production batch lead 
time (Eq. 1):

𝐶𝐶ℎ𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎	[%] =
3780𝑠𝑠	(𝑉𝑉𝑉𝑉) − 	3600𝑠𝑠	(𝑉𝑉𝑉𝑉)

3780𝑠𝑠	(𝑉𝑉𝑉𝑉)
𝑥𝑥100% = 4,76%  

𝐶𝐶ℎ𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎	[%] =
3780𝑠𝑠	(𝑉𝑉𝑉𝑉) − 	3600𝑠𝑠	(𝑉𝑉𝑉𝑉)

3780𝑠𝑠	(𝑉𝑉𝑉𝑉)
𝑥𝑥100% = 4,76% 

(1)

In addition, the flow of information has been 
improved through the use of the cobot. Telecom-
munications solutions allow the cobot to plan and 
manage its work efficiently. Having identified 
sites for cobot use and time savings, a simulation 
using dedicated Enterprise Dynamics simulation 
software was realized in the next step (Figure 6).

The simulation was designed according to the 
described furniture production process (Figure 3). 
The source atoms (Source) of the simulations rep-
resent the tasks of taking materials from the ware-
house. The processing atoms (Server) were used 

to represent the machines and equipment that 
make up the process. An atom (Assembler) was 
used to simulate the work of the edge banding ma-
chine and the packaging station. An output atom 
(Sink) was used as the transfer storage. It should 
be noted that the process described here was 
supplemented by the queue atom (Queue) which 
serves as a buffer for the production in progress.

The event parameters for individual atoms 
were calculated and defined as operation times 
based on the cited sources [5, 46]. The simulation 
of these times, on the other hand, was realized 
based on a negative exponential probability dis-
tribution. This is a distribution typical of simula-
tions of events occurring continuously and inde-
pendently with a constant average rate (expressed 
in 4DS by the function NegExp([seconds]) [47]. 
For example, for the saw, the simulated opera-
tion times were expressed as NegExp(240) (for 
the other atoms: accessories preparations 600 s, 
grinding 1800 s, edge banding machine 360 s, 
drill 60 s, packaging 300 s).

Simulation studies were carried out in two 
variants: task execution by a two-person human-
human team and task execution by a human-cobot 
collaborative team (Figure 7). The operating pa-
rameters of the operator atoms were determined 
from the literature [28, 46] for both workers and 
cobots (TeamEmployee), as illustrated in Figure 4 
and Figure 5. Five working shifts starting on con-
secutive days were then simulated in a simulation 
experiment. Each shift lasted 8 hours without in-
terruption. Production was initiated at the start of 
the shift by taking materials and finished produc-
tion status of zero pieces.

RESULTS

As a result of the simulations carried out for 
each shift, quantities were obtained expressed in 
pieces of work in progress (semi-finished prod-
ucts) for the atom edge banding machine and 
packaging input and output, as well as pieces of 
finished products delivered to the atom shipment 
warehouse. The results obtained for the human-
human variants are presented in Figure 8, and the 
human-cobot variant in Figure 9.

Using the data from the five shifts, arithmetic 
means, standard deviations, confidence intervals, 
and input and output minimum and maximum 
values were calculated for the quantities of work 
in progress and finished products respectively for 
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the edge banding machine, packaging, and ship-
ment warehouse atoms (Fig. 10 and Fig. 11).

The compared result values for both variants 
(human-human; human-cobot indicate that for the 
human-cobot variant, higher averages were ob-
tained for the number of pieces of semi-fi nished 
and fi nished products. For the human-cobot vari-
ant, the average number of fi nished products go-
ing to the atom shipment warehouse increased by 
nearly 35.5% (2.2 pieces of product) compared to 
the human-human variant (Eq. 2, Eq. 3):

• Output change in pieces

𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂	𝑐𝑐ℎ𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎	[𝑂𝑂𝑝𝑝𝑎𝑎𝑐𝑐𝑎𝑎𝑝𝑝] = 𝐴𝐴𝑂𝑂𝐴𝐴𝑚𝑚!"#$"%&!"#$%&!"#$% − 𝐴𝐴𝑂𝑂𝐴𝐴𝑚𝑚!"#$"%&!"#$%&'()(* 		 

𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂	𝑐𝑐ℎ𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎	[𝑂𝑂𝑝𝑝𝑎𝑎𝑐𝑐𝑎𝑎𝑝𝑝] = 𝐴𝐴𝑂𝑂𝐴𝐴𝑚𝑚!"#$"%&!"#$%&!"#$% − 𝐴𝐴𝑂𝑂𝐴𝐴𝑚𝑚!"#$"%&!"#$%&'()(* 		 
(2)

• Output change in percentages:

𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂	𝑐𝑐ℎ𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎	[%] =
(𝐴𝐴𝑂𝑂𝐴𝐴𝑚𝑚!"#$"%&!"#$%&'()(* − 	𝐴𝐴𝑂𝑂𝐴𝐴𝑚𝑚!"#$"%&!"#$%&!"#$%)

𝐴𝐴𝑂𝑂𝐴𝐴𝑚𝑚!"#$"%&!"#$%&'()(*

	𝑥𝑥	100% 

𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂	𝑐𝑐ℎ𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎	[%] =
(𝐴𝐴𝑂𝑂𝐴𝐴𝑚𝑚!"#$"%&!"#$%&'()(* − 	𝐴𝐴𝑂𝑂𝐴𝐴𝑚𝑚!"#$"%&!"#$%&!"#$%)

𝐴𝐴𝑂𝑂𝐴𝐴𝑚𝑚!"#$"%&!"#$%&'()(*

	𝑥𝑥	100% (3)

 Figure 4. Value stream map of the furniture production process – initial state
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Adequately for the average work-in-progress, 
the number of semi-fi nished output pieces in-
creased by 4% (4.6 semi-fi nished pieces) for the 
atom edge banding machine and by 30% (18.8 
semi-fi nished pieces) for the atom packaging 
(Eq. 2, Eq. 3).

Obtaining the above results [time savings of 
4.76% (see Eq. 1) and an increase of 35.5% in av-
erage production volume (see Eq. 3) was possible 

thanks to the implementation of human-cobot 
collaboration.

Obtaining the presented results for human-
cobot collaboration was possible due to the in-
teraction of human skills, technical intuition, and 
cobot performance, which confi rms the technical 
and application value of the considered solution. 

The results of the simulations and feasibility 
and economic analyses proposed in model for 

 Figure 5. Value stream map of the furniture production process – a cobot perspective
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implementing cobots (Fig. 2) provide the basis 
for a strategic management decision to imple-
ment or not to implement the cobotic system 
solution. The economic value is understood to 
be a reduction in the production process time 
at cobot-enabled workstations, as well as lower 
scrap rates. The reduction in working time will 

translate directly into increased production and 
indirectly into annual revenues. The scale of 
production is important for the implementation 
of cobotic solutions. The above measures open 
up the prospect of the company’s growth in 
terms of improving product quality and attract-
ing new, permanent customers.

Fi  gure 6. 3D process visualisation

Fi gure 8. Input and output quantities of fi nished and semi-fi nished products 
for edge banding machine, packaging, and shipment warehouse for each of the 

fi ve eight-hour shifts in the human-human variant, N=1827 pieces

Fi gure 7. Simulation model
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DISCUSSION

Given the novelty of cobotic systems tech-
nology and lean management techniques well-
established in the literature and practice, as 
well as commonly used business models using 

diff erent types of services to implement modern 
organizational solutions (including outsourcing, 
internal outsourcing within a holding company 
or purchasing), the presented proposal represents 
a promising direction for modern enterprises. It 
also fi lls the research gap that exists in the case 

Fi gure 11. Results of statistics for the number of pieces of fi nished and semi-fi nished products 
at the input and output for the edge banding machine, packaging, and shipment warehouse for 

each of the fi ve eight-hour shifts in the human-cobot variant combined N=2047 pieces

Fi gure 10. Results of statistics for the number of pieces of fi nished and semi-fi nished 
products at input and output for edge banding machine, packaging, and shipment warehouse 

for fi ve eight-hour shifts in the human-human variant total N=1827 pieces

Fi gure 9. Input and output quantities of fi nished and semi-fi nished products 
for edge banding machine, packaging, and shipment warehouse for each of the 

fi ve eight-hour shifts in the human-cobot variant, N=2047 pieces
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of the desire, and often the necessity, to apply 
new technologies in the face of limited resources 
(including financial, infrastructural, and compe-
tence) or the prototyping or verification of inno-
vative technologies. 

This is an opportunity, especially for large 
companies that form capital groups. For example, 
one of the holding companies, acting as a lean 
management-oriented manufacturing enterprise, 
decides to expand its workplaces. The expansion 
may involve the implementation of robots coop-
erating (cobots) with humans in key processes for 
the company. By acting strategically, the corporate 
group will not only enable the use of one company 
within the group but will also ensure that knowl-
edge and know-how are retained within the entire 
organizational structure [25]. Furthermore, the 
provision of outsourcing to one of the subsidiaries 
can also take place outside the framework of the 
entire organization, which will affect the effective 
return on investment. Moreover, this opens up the 
prospect for the creation of new, highly special-
ized companies implementing cobotic systems 
solutions. This direction seems promising and 
opens up new income opportunities.

Using lean management techniques, waste of 
time, products, and resources is eliminated, waste 
is reduced, etc. [48]. The cobot supports the hu-
man where it is needed. This is especially true 
when carrying out routine, forceful or dangerous 
work [49]. This eliminates potential bottlenecks 
that manual workstations usually become. The use 
of lean management techniques in combination 
with advanced simulation is widely used in busi-
ness practice, as confirmed by various scientific 
publications [50]. However, lean management in 
combination with a service concept (outsourcing) 
for the use of cobots seems to be a new solution. 
Furthermore, the use of cobots for reducing ma-
chine changeover times at the workstation seems 
to be an interesting issue. The use of the Single 
Minute Exchange of Die (SMED) technique as 
part of lean management and the intelligence of 
cobots can support the aforementioned processes 
[51] and be complementary to the concept de-
scribed in this article by the authors. The chal-
lenge will be to teach the cobot to make decisions 
on the timing and type of changeover. Dividing 
into different stages and assigning tasks to the hu-
man-cobot team [Stage 0 – noting all changeover 
operations (cobot learning), Stage 1 – dividing 
activities into external, internal, and unnecessary 
(human), Stage 2 – changing external activities 

into internal activities (human-cobot), Stage 3 
– improving changeovers (cobot)] will simplify 
this challenge. This opens the perspective for fur-
ther research.

The concept case presented here does not 
answer all the questions or concerns that arise. 
Moreover, due to the fact of the interdisciplinary 
combination of managerial and technical issues, 
it can serve as a inspiration for managers in the 
implementation of Industry 5.0 solutions in com-
bination with modern business organization and 
project management techniques. 

It should be emphasized that the concept pro-
posed by the authors requires further research to 
analyze in detail the costs and choice of methods 
for implementing cobotic solutions from the per-
spective of large-scale production.

The limitations of the study also include the 
working times assumed in the literature for the 
cobots and the physical operators at the positions 
indicated, as well as the adoption of the ideal case 
of kitchen furniture production. For example, the 
question of the speed of the cobot is strictly de-
pendent on safety issues as well as its type. There-
fore, it would be interesting to analyze the case 
study in practice and develop a universal model 
for implementing the proposed solution as well 
as a business model for the organization. Despite 
the indicated limitations, the simulations carried 
out as part of the concept case seem promising 
and may inspire further research and attempts at 
business implementation.

CONCLUSIONS

The perspective formulated is a logical com-
bination of the possibilities provided by the 
modern technology of Industry 5.0 and mod-
ern organizational and management techniques. 
This opens the perspective for many questions 
on how to implement a cobotic systems solution 
in an organization. This is particularly relevant 
from the perspective of a specific company 
operating in a specific industry, using selected 
technologies and work organization methods. 
The implementation of cobotic solutions should 
be tailored to the organization’s ecosystem. A 
change in the organization’s business strategy 
involving the implementation of Industry 5.0 so-
lutions, adaptation of a holding organization or, 
finally, lean management techniques, should fit 
in with both its sustainable development (CSR, 
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Corporate Social Responsibility) and even ESG 
(Environmental, Social, Governance) and be 
economically justified. 
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