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The paper focuses on describing and applying a refined method 
of investment payback calculation related to industrial robot 
applications. Industrial robots play an important role in modern 
manufacturing companies, therefore it is important to precisely 
determine the investment payback of robot applications. In the 
first part of the paper, we introduce payback calculation theory 
in general and the current approaches to payback calculation of 
robot applications in practice. Subsequently, we point out that 
current approaches seem insufficient due to tracking only a 
limited number of costs and savings. Subsequently, we attempt 
to identify all identifiable costs and savings related to robotic 
applications, then we present a refined method to determine 
the payback of robot applications more precisely. The method 
is then applied in a case study performed in an industrial 
enterprise. Finally, we evaluate how significantly this refined 
method differs from the calculation used in practice and these 
findings are summarised. 
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1 INTRODUCTION 

Modern technology is fundamentally influencing manufacturing 
worldwide. Each industrial revolution has brought significant 
changes and within a few decades has fundamentally changed 
industry. Nowadays, there is a fourth industrial revolution (also 
called Industry 4.0), which encompasses technologies that have 
profound effects on worker performance, or more accurately, 
on the workplace performance. One of these technologies is 
automation by industrial robots, where humans and robots not 
only coexist but also cooperate (collaborate). [Geissbauer 
2015], [Liao 2017], [Malaga 2020], [Narodni iniciativa Prumysl 
4.0  2015], [Pollak 2022], [Rüßmann 2015],  [Sniderman 2016] 

The International Federation of Robotics (IFR) annual report 
shows the increasing global sales of industrial robots over the 
last 10 years, with annual growth of around 11% over the last 
five years, with over half a million robots installed by 2021, see 
Fig. 1. [IFR 2022] 

According to market research reports [MRR 2019], the global 
industrial robotics market is expected to reach 42.29 billion 
USD by 2026 in terms of robotic machines, and 138.03 billion 
USD in terms of robotic systems. According to IFR [IFR 2017], 
the average price of an industrial robot has fallen by 60% since 
2005 to $27,074 in 2017 and further decline is expected. 
Robots are being used across industries and their applicability 
continues to grow due to developments and new technologies 
[Lee 2015], [McKinsey & Company 2019], [Murphy 2017], 
[Pollak 2022]. A 2018 McKinsey survey [McKinsey & Company 
2019] shows that the main reasons for investing in robotics and 
automation is to reduce costs. The costs are therefore crucial 

and precise payback calculation linked to the costs is very 
important. In this paper we point out that current approaches 
seem insufficient due to tracking only a limited number of costs 
and savings related to robotics. So we concentrate on the 
detailed specification of costs together with potential savings in 
relation to the application of industrial robots and on the basis 
of this we propose a refined and relevant payback method. This 
can potentially help industrial companies to make better 
decisions related to industrial robot applications.  

 

 

Figure 1. Annual installations of industrial robots – World [IFR 2022] 

2 LITERATURE REVIEW  

Cost reduction is one of the main factors in the acquisition 
decision. The payback calculation is directly linked to cost 
reduction and supports the important decision of many 
companies of whether or not to use industrial robots. [Grznar 
2020], [Horejsi 2020], [Rudy 2022]    First, we look at the 
approaches to payback given in the literature, and compare 
them with how businesses look at payback.  

In the literature, there are a number of views on payback and 
its definition. Pearce [Pearce 2016] argues that the purpose of 
calculating payback is to measure over a period of time the rate 
of return on money invested in order to decide whether it is 
worthwhile making an investment. Botchkarev and Andru 
[Botchkarev 2011] write that payback can be understood as any 
kind of (financial and non-financial) benefit/effect/outcome or 
impact/value to the company. In this text, we will stick to the 
first definition and we will evaluate robot application 
economically. Technical evaluation is not intended to be a 
significant part of the paper, but the technical values will be 
important inputs to the presented refined method.  

The literature offers many approaches to evaluating investment 
and its payback. From an economic point of view, the 
investment evaluation methods can be divided into static and 
dynamic methods, depending on whether or not they take time 
as a factor. [Synek 2011] 

Static methods include TCO (Total Cost of Ownership), ROI 
(Return on Investment), Break-even point methods and the 
payback period. TCO is used to express the complete cost of an 
investment and its operation, taking into account not only the 
purchase price but also the expenses related to owning the 
investment and operating it [De Clerck 2016]. According to 
Kleinova [Kleinova 2005] and Kislingerova [Kislingerova 2007], 
ROI (sometimes referred to as ROI index) refers to the ratio of 
money earned to money invested and is the ultimate indicator 
of the comprehensive efficiency of a business. [Zamfir 2016] 
Break-even point is used to determine the amount of 
production or time at which a company incurs no profit or loss 
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related to the specific product and its investment. It is the point 
at which the business pays off the investment (returns money) 
but has not yet generated any profit. [Kalouda 2011] The 
payback period is the length of time required to gain back the 
cost of an investment and is related to the Break-even point 
method. [Kleinova 2005] 

Dynamic methods include NPV (Net Present Value) and IRR 
(Internal Rate on Return). NPV is one of the most commonly 
used criteria. The method determines the difference between 
the discounted revenues of an investment and the initial 
investment cost. IRR gives a result which is a percentage 
reflecting the value at which the discounted revenues of the 
investment are equal to the initial cost of the investment. 
[Kleinova 2005], [Kislingerova 2007], [Kalouda 2011] 

Online payback calculators can be found on the internet [RIA  
2023], [TIE  2023], [MSI TEC 2021], [Yaskawa 2023]. They say 
they calculate the return on investment, but actually these 
online calculators calculate the payback period of an 
investment using cost savings over a specified time period. In 
other words, they divide the investment costs to the robotic 
solution by the result of the difference between current and 
proposed operating costs. 

The factors considered in the calculators are mostly the same. 
For example, RIA [RIA  2023] and T.I.E. Indusitrial & Robots [TIE  
2023] calculators take into account the cost factors, stated 
limitations and results shown in Tab. 1. 

RIA [RIA  2023] TIE [TIE  2023] 

Investment Costs 

Total cost of the robotic 
solution 

Total cost of the robotic 
solution + accessories 

Number of robots  Number of robots 

Operating Costs / Savings 

Number of shifts Number of shifts 

Average labour costs per 
worker, including other 
related costs 

Annual cost per worker 
(including estimated 
benefits and bonuses) 

Number of replaced 
workers 

Number of replaced 
workers 

% of staff remaining for 
maintenance of robots 

Number of robot 
operators 

% of expected productivity 
increase 

Estimated electricity 
costs (which consider an 
electricity cost of 
$0.5/hour per robot.) 

Other expected savings 

Stated limitations 

Assuming 2% annual 
energy and labour cost / 
savings inflation 

Not taking into account: 
inflation, maintenance 
and other 

Results 

Break-even point in months Break-even point in 
months 

Savings on labor costs Estimated net cost 
savings in the first year 
and over five years. 

Productivity savings 

ROI table with year-by-year 
values for: robotic system, 
maintenance, operating, 
energy, labour, productivity 
and other savings, annual 
and cumulative cash flow. 

Table 1. Calculator comparison 

The descriptions of these calculators further state that the 
typical payback period for any robotic system, new or used, is 
between 6 and 18 months, depending on the initial investment. 
It is stated that a robotic system is capable of achieving 95% 
efficiency, while a manual worker is only capable of achieving 
20 to 25% during a shift. This is due to mandatory breaks, 
holidays, fatigue and other factors. Depending on the job, the 
robot can handle the work of up to four people per shift, 
making twelve people in a three-shift operation. The 
description of T.I.E. Indusitrial & Robots calculator [TIE  2023] 
further states that the robot should be functional for at least 20 
years. Only the Yaskawa partners calculator [Yaskawa 2023] 
takes savings into account. Its calculation includes savings 
targets: target payback time in months, target throughput gain 
- the rate of production or the rate at which something is 
processed per shift, approximate annual savings for waste and 
claims, approximate annual savings for materials and other 
annual savings. 

Consultation with professionals from the robotic solutions 
vendor sector from FANUC and AMTECH revealed that vendors 
do not normally perform ROI calculations for customers, or 
they only use a simplified calculator similar to the web-based 
ones mentioned above. This means they provide no 
comprehensive tool to help the customer with their decisions. 
It is therefore up to the customer to determine the payback 
themselves, and the vendors only provide the necessary 
information on the costs associated with the robot and its 
acquisition. From experience, they estimate the payback period 
to be around 3 years. 

We found that direct experience varies from company to 
company. For example, at Witte Nejdek the payback on robots 
is usually calculated using labour (wage) savings. Daikin (Daikin 
Industries Czech Republic) implements robots only in 
problematic workplaces primarily for quality or safety reasons, 
but not for performance or cost-saving reasons. The 
representative from Central Fluidsystems commented that the 
details of the calculation depend on the size of the investment, 
which depends on the size and management of the company. In 
addition, the level of automation already present in the 
company should be taken into account.  

The existing payback calculations linked to robotics investments 
are therefore rather simplified, with a limited use of the 
possibilities based on the general payback calculations (e.g. 
time factor) on the one hand, and on the other hand they do 
not use detailed quantification of other possible potential 
savings. On this basis, the following research question can be 
formulated: What is the significance of a comprehensive 
refinement of payback calculation related to robotic 
application in comparison to the existing standardly used 
payback method? 

3 METHOD 

Our approach to calculating payback is based on more rigorous 
qualitative and quantitative identification of costs related to 
the robotic application, which improves the calculation by 
existing simplified approaches. By applying the proposed 
method in a case study, we evaluate the significance of its 
impact and whether it is worthwhile focusing on it in further 
payback calculations.  

The basic motivation for conducting this research is the desire 
to make more precise decisions about the suitability of 
implementing robots based on more accurate information.  
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On the quantitative side, many cost factors are overlooked and 
not included in the calculation, such as inflation, other energy 
costs, clothing, cleaning etc.  

On the qualitative side of costs, it is worth taking a closer look 
at how the costs are determined. For example, in relation to 
the significant electrical energy consumption of robot 
applications, it is necessary to consider what percent of the 
time the machine actually works during a shift and what 
percent of the time it is idle. This significantly affects the 
amount of electricity consumption.  

In this research, we proceed as follows. First, payback of 
investment is evaluated using the existing simplified method 
chosen by the evaluated company. Subsequently, our 
refinement calculation is performed, which includes all other 
cost factors for which the company has data or for which we 
can make sufficiently accurate approximations to consider the 
values as valid. Once the detailed calculation is established and 
applied, we can compare how significant the individual cost 
components are and whether the difference between the 
outputs are significant enough.  

We have changed the name of the company to ‘DKN’, but the 
presented values are realistic. The existing simplified approach 
of payback calculation related to robotic application at DKN is 
based on the following facts: 

1. The time factor and related inflation are not included.  

2. The cost items include: investment costs, operating 
costs - simplified calculation of the energy 
consumption of the robotic workplace, repair and 
maintenance costs.  

3. The savings include: savings on the wages of workers 
replaced by robots. 

4. The payback period method is used. 

The proposed refined approach to calculating payback of 
robotic application at DKN is based on the following facts: 

 The time factor and related inflation are included.   

 The cost items include: investment costs, operating 
costs - refined calculation of the energy consumption 
of the robotic workplace, repair and maintenance 
costs.   

 The savings include: savings on the wages of workers 
replaced by robots, savings on internal employee 
spaces (changing rooms, toilets etc.), savings on 
parking, savings on cleaning, savings on water 
consumption, savings on employee clothing, savings 
on robot workplace area. 

The limitations of this research are as follows: 

 Verification is performed at one company.   

 The calculation is based on the situation in the Czech 
Republic in 2019, with an annual inflation rate of 
around 2% and stable energy prices.  (The current 
assumption of inflation by the Czech National Bank in 
the Czech Republic for 2024 is also 2% [CNB  2023b], 
which is also the ideal long-term state that the Czech 
National Bank has targeted -  that is the reason this 
value is considered relevant in the paper.) 

 We do not evaluate the difficulty of obtaining 
additional data in terms of time and cost, but focus 
on the significance of the deviation that the 
refinement of the calculation will have.   

 Neither the company nor us consider opportunity 
costs, as their determination would be very abstract 
in this case study.  

 Improving the cycle time of the workplace due to 
robotization has no effect on the production line, as it 
is not a bottleneck. Therefore, speeding up will not 
achieve savings that could be included in the 
calculation. 

The proposed approach is applied in the case study below using 
real data. 

4 INDUSTRIAL CASE STUDY 

This chapter concentrates on the case study at DKN which 
produces air conditioning units. This case study corresponds to 
a real situation. We first describe the industrial process at the 
company and other conditions linked to its robotic application, 
along with possible costs. Then we compare the payback 
calculation used by the company with the refined calculation 
that takes into account costs in more detail. Subsequently, it is 
possible to determine whether the company takes into account 
all significant cost factors.  

The subject of the case study is the palletizing process at the 
end of the production line (workplace F6). This process is 
currently handled by three employees who are responsible for 
taking the finished air conditioning unit, scanning it, assembling 
the box, and then packing the air conditioning unit into the box, 
labelling the box, taping the box (in some cases from multiple 
sides), and moving the box to a storage area, from where it is 
loaded onto pallet that is positioned on an AGV (Automated 
Guided Vehicle) using a manipulator with vacuum suction cups 
and taken to the warehouse.  

Eight types of air conditioning units with different dimensions 
(up to 90x90x30cm) and weight (between 17-29 Kg) are 
produced. The packaging material is a cardboard box, which is 
assembled by the production line operator. The temperature at 
the workplace is normal (approx. 20 °C).  

The components of the current workplace are: 

 semi-automatic taping machine,  

 non-powered conveyors,  

 conveyor components,  

 manipulator with vacuum suction cups,  

 AGV. 

The workplace is operated by three employees in three shifts. 

4.1 Robot deployment scenario  

The target of automation is to minimize human actions in the 
process. Since the nature of the process does not allow for 
automation of the delivery and packaging of the air 
conditioning units, it is necessary to focus on the remaining 
operations of the process, namely labelling, taping, and moving 
to the AGV cart. The automation can potentially reduce the 
number of employees from three to two per one shift.  

For this application, the FANUC M710iC/45M robot was chosen. 
Compared to a collaborative robot, it has several advantages, 
such as higher speed, ability to carry heavier loads, etc. The 
disadvantages include having to safeguard the robot's 
workspace for humans. The M710iC/45M allows handling of 
heavier loads over longer distances. The robot transfers boxes 
from the conveyor to pallets, which is the palletizing process. 
The robot’s effector with suction cups is used to grip the boxes. 
The taping machine is automatic in this proposed solution 
(without rotation). The box is rotated on the following 
conveyor, which is equipped with a turning mechanism and 
then transports the package to the labeller, which attaches the 
appropriate label. The robot's workspace must be designed to 
prevent collisions during the work cycle. This is solved by 
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additional fences monitored by optical barriers in the pallet 
exchange area and at the entrance of the boxes travelling on a 
roller conveyor. The unloading of full pallets and the delivery of 
empty pallets is done by AGV (which the production line is 
already equipped with). A detailed evaluation of the technical 
variants of the workstation process and the selection of the 
robot with accessories are beyond the scope of this article, so 
only outputs and the final selected variant are presented.  

The company insists on using its own capital for the investment 
and excludes the option of purchasing on loan or leasing.  

When considering payback, DKN considered the following 
costs: 

 Complete investment costs (obtained from the 
robotic application supplier).  

 Operating costs in the form of simple wage savings 
(savings of 1 employee in each shift).  

 Basically determined electrical energy costs by 
machine energy consumption according to the 
documentation.  

 Maintenance costs identified by the supplier. 

 

4.2 Investment costs 

Costs associated with the investment, which were identified by 
the supplier of the robotic solution, are shown in Tab. 2. 

Equipment costs Price without 
VAT 

Fanuc M710iC/45M Robot 1 140 570 CZK 

Robot accessories (Ethernet, DCS 
etc.) 

55 193 CZK 

Automatic taping machine 524 400 CZK 

Label maker 650 000 CZK 

Roller conveyor with rotating 
mechanism 

200 000 CZK 

Omron PLC workplace control + 
Omron HMI + light barriers 

300 000 CZK 

Other components (15% of the 
material price) - sensors, safety 
equipment etc. 

430 524 CZK 

Cost of installation Price without 
VAT 

Engineering 96 000 CZK 

Design of electrical installations 128 000 CZK 

Mechanical work including on-site 
assembly 

168 000 CZK 

Electrical installation 72 000 CZK 

Programming of robot and PLC 160 000 CZK 

Table 2. Equipment and installation costs 

Total investment related to the robot application of the F6 
workplace is 3 924 687 CZK. 

 

4.3 Operating costs – original calculation 

Based on the information provided by experts at FANUC, the 
maintenance costs for such a machine are estimated at 20 000 
CZK per year and 0.75% of the total purchase price related to 
the workplace for spare parts. Total maintenance costs of the 
equipment are approximately 50 000 CZK per year. 

In addition to the maintenance of the equipment itself, it is 
necessary to consider the maintenance of the control system of 
the workstation. If this is to be carried out by an external 
worker, the cost can be estimated from the hourly rate of a 
programmer. Due to uninterrupted production and a large 
number of manufactured units, it is advisable to carry out 
maintenance at shorter intervals, for example every six months. 
Software maintenance can be performed while the line is 
running without causing any production losses. The cost of one 
software maintenance session (8 hours of work) is 18 000 CZK. 
If software maintenance is carried out twice a year, the total 
cost will be 36 000 CZK. 

The total maintenance cost is then approximately 86 000 CZK 
per year. 

Prior to automation, the line was operated by three employees, 
requiring a total number of nine employees to cover three 
shifts. The average gross salary for an employee in the 
production line was 23 762 CZK per month, but the employer 
has to pay 31 841 CZK due to social and health insurance. The 
annual cost of operating the workplace operated by 9 
employees is thus 3 438 836 CZK. 

After automation, the workplace is operated by two employees 
in three shifts. A total number of 6 employees are thus required 
to operate the line. The annual cost of operating the 
workstation operated by 6 employees is 2 292 558 CZK, 
resulting in savings of 1 146 279 CZK. 

In its initial scenario, the company estimated electrical energy 
costs associated with robot operation simply as equipment 
power consumption (according to the documentation) 
multiplied by the price per kWh and the number of operating 
hours per year. These estimated energy costs are 107 386 CZK 
per year. 

These items are normally taken into account by the company 
when calculating the return on investment. 

The payback calculation is the classic division of investment 
costs by the total variable savings reduced by the total variable 
costs. The savings are formed by the savings of one employee 
position in a three-shift organization. Variable costs are given 
by the increase in electricity energy costs expressed in a less 
precise way. 

Results of the simple payback calculation are shown in Tab. 3. 

Investment costs / savings 
description 

Value 

Total investment costs 3 924 687 CZK 

New annual electrical costs – 
simply calculated 

107 386 CZK 

New annual operation and 
maintenance costs 

86 000 CZK 

Annual savings on wages for 1 
employee per 3 shifts 

1 146 279 CZK 

Total annual variable costs 
(electricity + maintenance) 

193 386 CZK 

Total annual variable savings 1 146 279 CZK 

Expected payback period by 
original calculation 

4 years and 2 
months 

Table 3. Original payback calculation values and result 

Expected payback period by the original calculation is therefore 
4 years and 2 months. 
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4.4 Operating costs – refined calculation 

This chapter describes additional and more precisely 
determined costs / savings together with a more precise 
payback calculation that leads to the refined payback method. 
Specific inputs to determine more precise costs / savings: 

Real machine electrical energy utilization - when looking at 
electrical energy consumption, it is necessary to take into 
account the real operation of the machine, i.e. division of 
electrical energy consumption during operation and during 
waiting (idling) of the machine (robot) for the next operation 
(based on comparing the cycle time of the production line and 
the cycle time of the machine). Individual machines can stand 
idle during the work cycle of the workstation (waiting for the 
next operation), which also leads to energy consumption. 
According to the experience of the supplier, the consumption is 
20% fixed (regardless of activity) and 80% variable depending 
on activity. The operation of the machines depends directly on 
the working time of the operator, so the automatic part is 
inactive during the operator's breaks. In the original simplified 
approach by the company, costs for electrical energy were 
estimated as 107 386 CZK. However, taking into account the 
fact that the machine is active, i.e. used, only 70% of the time 
(based on similar applications), the calculation needs to be 
adjusted by multiplying the fixed consumption (0.2) plus 
variable consumption (0.8) multiplied by the utilization 
coefficient (0.7). In such a case, we more accurately determine 
the electrical energy costs as 81 613 CZK per year. 

Employee facilities – cost reduction related to reduced size of 
changing rooms, showers and toilets. Calculation is as follows: 
size of reduced space related to dressing rooms, showers and 
toilets in m2 is quantified using standards, which is then 
multiplied by the company's cost rate per m2 of 
internal/external area. [Reznicek 2013] 

Changes of workplace space - cost reduction related to the size 
of the reduced workplace area (the robot needs less space). 
Calculation as follows: the size of the reduced workplace area 
in m2 multiplied by the company's cost rate per m2 of 
production area. 

Size of cleaning space – cost reduction related to the reduced 
size of area that needs to be cleaned regularly every shift. 
When the area is not used, cleaning should be minimized. 
Calculation of the cost is: reduced cleaning area in m2 
multiplied by daily company cleaning rate per m2. 

Water consumption - number of employees is directly related 
to water consumption in showers and toilets, which can also be 
quantified using standards. 

Employee clothing - number of employees is directly related to 
clothes they standardly need (gloves, t-shirt, safety shoes etc.), 
that can also be quantified using standards. 

Parking - number of employees is directly related to the size of 
parking space. Related costs can be recalculated by the rate of 
required space per employee and the associated costs per m2. 

Inflation - an increase in the general price of goods and services 
in the economy over a certain period of time. The inflation rate 
affects the operating costs by a few percent each year. For our 
more precise calculation, an inflation rate of 2% was chosen, 
which is the target of the Czech National Bank's monetary 
policy. [CNB  2023] 

 
It is important to mention that different cost / savings items 
have different influences and immediate impacts on the 
payback. While items like real machine electrical energy 
utilization, water consumption and inflation are more precisely 
calculated future states of the items, other items, such as 

employee facilities, changes of workplace space, size of 
cleaning space and parking are directly dependent on potential 
usage by the company if the company can use them 
immediately or after favourable accumulation of conditions. 
For example the company can immediately rent free parking 
spots to another company, or the company can remove three 
changing room shelves, but needs to wait for three more to 
have enough space to make a new archive cabinet out of them. 
So it is up to the company to put only relevant items into the 
calculation. 

The calculation principle of the payback period according to the 
refined method is as follows. The size of the investment (fixed, 
initial costs) is reduced by the total annual savings, which also 
take into account inflation. The total annual savings represent 
the total variable component as the difference between the 
variable annual costs of the original workplace and the variable 
annual costs of the new robotic workplace, including refined 
cost data.  

The formula for calculating the payback period including the 
time factor (inflation) used in the refined payback method is as 
follows. 

 

                                       (1) 

 
IN  investment 
CF  annual cost savings 
r  inflation (discount rate) 
Tsd  payback period 

The values of the more precisely determined costs / savings  
together with the more precise payback calculation that leads 
to the refined payback method is shown in Tab. 4. It is applied 
to the same industrial case study.  

Investment costs / savings  Value 

Total investment costs 3 924 687 CZK 

New annual electrical costs – 
precisely calculated 

81 613 CZK 

New operation and maintenance 
costs 

86 000 CZK 

Annual savings on wages for 1 
employee per 3 shifts 

1 146 279 CZK 

Annual savings on employee 
facilities 

2 310 CZK 

Annual workplace space savings 2 980 CZK 

Annual cleaning savings 180 CZK 

Annual savings - water 
consumption  

5 085 CZK 

Annual savings - employee clothing 10 542 CZK 

Annual parking savings 1 050 CZK 

Total annual variable costs -  more 
precise values 

167 613 CZK 

Total annual variable savings – 
more precise values 

1 168 426 CZK 

Annual inflation 2% that will 
increase savings year-on-year by 
approx. 

20 000 CZK 

Expected payback period – 
refined method 

3 years and 10 
months 

Table 4. Refined payback calculation values and result 
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5 RESULTS 

The summarised results are shown in Tab. 5, where the 
calculation according to the original and the refined methods 
are compared.  

 Original method Refined method 

Investment 
costs 

3 924 687 CZK 3 924 687 CZK 

Total 
variable 
costs 

193 386 CZK 167 613 CZK 

Total 
variable 
savings 

1 146 279 CZK 1 168 426 CZK 

Annual 
inflation 
savings 
impact 

x 20 000 CZK 

Expected 
payback 

4 years and 2 
months 

3 years and 10 
months 

Table 5. Results – comparison of values from the two methods  

The results containing the absolute and relative differences 
between the main items of the original and the refined payback 
method are shown in Tab. 6. 

 Difference Impact on the item 

Investment 
costs 

x x 

Total 
variable 
costs 

25 773 CZK -13.3% 

Total 
variable 
savings 

22 147 CZK 1.93% 

Annual 
inflation 
savings 
impact 

Approx. 20 000 
CZK 

2% (increase 
savings) 

Expected 
payback 

4 months 8.7% difference 

Table 6. Results – comparison of differences between methods 

The difference between the methods is 8.7% of the payback 
period: 50 months calculated by original method versus 46 
months calculated by refined method. This can already be 
considered to be a significant statistical deviation. 

The values of the more detailed savings and cost items in 
absolute terms and relative terms as a part of the total variable 
cost and savings are shown in Tab. 7. The table is separated 
into two parts. The upper part concentrates on the variable 
costs and their detailed items. The lower part of the table 
contains the variable savings and their specific detailed items. 

From Tab. 7 it can be seen that the variable costs (167 613 CZK) 
are made up of energy, operation and maintenance, the 
relative difference of which makes only about 3%. In contrast, 
in the case of the detailed identification of variable savings of 
1 168 426 CZK, we identified that 98% of the savings were 
made up of labour savings and the remaining 2% (22 147 CZK) 
by newly identified cost factors. Inflation is considered 
separately in Tab. 5 and Tab. 6. 

 

 

 Item Absolute 
value 

Relative 
value 

Variable 
costs 

New energy costs 81 613 CZK 48.69% 

New operation 
and maintenance 
costs 

86 000 CZK 51.31% 

Variable 
savings 

 

Annual savings 
on wages 

1 146 279 
CZK 

98.10% 

Savings on indoor 
space for 
employees 

2 310 CZK 0.20% 

Parking savings 
(annual) 

1 050 CZK 0.09% 

Savings on 
cleaning 

180 CZK 0.02% 

Savings on water 
consumption 

5 085 CZK 0.44% 

Savings on staff 
clothing 

10 542 CZK 0.90% 

Space saving for 
the robot 

2 980 CZK 0.26% 

Table 7. Results – detailed savings and cost items 

6 DISCUSSION 

The results show that our proposed refined method will affect 
the result of the payback calculation in absolute terms by 4 
months, in relative terms by 8.7%. This can make the difference 
in some cases between deciding to accept the project or not.  

The main factors identified are the more accurate 
determination of electricity consumption and the inclusion of 
inflation in the calculation. Moreover, these two factors 
become more important when considering the current global 
economic fluctuations, for example in Germany, electricity 
costs have increased by 38 percent over the last 10 years 
[Appunn 2023]. While inflation in the euro area was only 0.3% 
in 2020 [ECB  2021], it rose to 2.6% in 2021 [ECB  2022] and 
rose significantly to 8.4% in 2022 [ECB  2023]. However, it is 
expected to fall again gradually to 2.3% in 2025 [Eurostat 2022]. 
Higher employee-related costs are also not negligible.  

A limitation of the research is that we find it difficult to 
determine some of the costs and evaluate their relevance, and 
they were therefore not included in the method. The ability of 
a company to determine some costs may be limited, but for 
many of them coefficients and standardised prices can be used, 
such as water consumption by employees or cleaning costs. It is 
also necessary for a company to consider the relevance of the 
savings involved, whether or not a company will include specific 
items in the calculation. Overall, we find the research beneficial 
as the output is closer to reality.  

A particular benefit of the refined method in comparison to the 
online calculators mentioned in the literature review [RIA  
2023], [TIE  2023], [MSI TEC 2021], [Yaskawa 2023] is the more 
precise calculation. How significant the refinement will be 
depends on the amount of specific costs / savings items 
included in the payback calculation. For example, RIA's 
calculator [RIA  2023] will be more precise and the values will 
be closer to our refined approach than the values from T.I.E. 
Indusitrial & Robot's [TIE  2023] calculator, which does not 
consider inflation. 
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7 CONCLUSION 

The paper focuses on the comparison of the original and a new 
method of calculating the payback of a robotic workplace. The 
comparison was evaluated using the data from a specific 
company in a case study. The new method took into account 
more precise costs, with precisely determined electricity 
consumption and inflation playing a significant role.  

Coming back to the research question: What is the significance 
of a comprehensive refinement of payback calculation related 
to robotic application in comparison to the existing standardly 
used payback method? 

It can be said, based on the case study presented in the paper, 
that the results that emerged from the study showed that the 
new method had a significant impact on the outcome of the 
calculation. The payback time decreased by 8.7%, which is a 
substantial value that can significantly influence the decision to 
implement robotic application or not.  

The limitation is of course that this validation was done on one 
case study only and the current outcome gives future possibility 
for further research in the field and validation on more case 
studies. Another topic for future research is to use and 
evaluate the remaining static and dynamic investment 
evaluation methods mentioned in the literature review section 
of the paper. The research would be extended to the 
calculation of the remaining methods, for the original state and 
for the new refined state, and then compared and finally 
evaluated. 
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