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Abstract: This paper focuses on the comparison of production costs between two identical 
production units that are located in different countries. The trends in the field of production 
are dramatically changing due to the Fourth Industrial Revolution and companies have 
to manage production costs very thoroughly to increase their competitiveness. The aim of 
this paper is a cost evaluation of automated manufacturing systems, mainly considering the 
impact of personnel costs on costs of production. It also includes a case study with calculation 
performed on a full cost basis. The outcome should demonstrate the difference in production 
costs of before mentioned units and prove whether the personnel costs of automated 
production systems do have a significant impact on production costs.
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1. Introduction
	 Due to the increasing competition in markets generally, all industrial companies 
have to deal with the issue of cost reduction. The success or failure of a company is 
caused not only by the price and the quality, but by the cost of the product as well. 
Achieving higher profits and better standing of the company depends on the ability 
to reach the same quality of production with lower cost than the competitors at the 
same time. [1]
	 Companies exporting abroad are largely dependent on the monetary policy 
of the state in which production is located. This affects the level of profits being 
made and also the competitiveness of the company. Based on these difficulties, we 
witness companies moving their production to ‘cost-friendly’ countries, which might 
include lower than average wages as well as costs related to logistics and energy. 
The tax policy of each state also determines the production location. The Industry 4.0 
concept may be regarded as a solution which partially eliminates political, economic 
and social impacts.
1.1. Industry 4.0
	 Digitization and automation of production is part of the Fourth Industrial 
Revolution. ‘Smart factories’ are a logical step towards keeping manufacturing plants 
in developed countries competitive and avoid moving their work to emerging 
markets.
	 Specialized literature dealing with Industry 4.0 assumes the gradual displacement 
of workers' professions. These will be replaced by automated systems that partially 
need operating staff. The cost of direct wages in production will be reduced due to 
a significant drop off in the number of workers directly involved in the production 
process. The production units will have only a few support staff, which, depending 
on available resources, will lead to an increase in the share of machinery costs but 
also to increased production efficiency. As a result, personnel costs will be reduced 
and their percentage in the production costs of the product minimized. On the other 
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hand, there may be a certain increase of employees 
in pre-production stages. [8]
1.2. The impact of personnel costs
	 Personnel costs include not only direct wages but 
the cost of indirect wages as well. The reduction in 
the number of manufacturing workers significantly 
reduces direct wages and therefore personnel 
costs. However, the question remains whether a 
lower number of production workers will decrease 
the importance of personnel costs in so far as 
their impact on the final product is as small as the 
removal of production to another country with a 
cheaper labour force would not be economical. 
	 The purpose of this paper is to disprove the 
assumption that the personnel costs of automated 
production systems do not have a significant 
impact on production costs. The outcome aims to 
demonstrate the impact of personnel costs using 
a comparison of cost evaluation of two identical 
production units located in different countries.
It should be noted that there are some limitations 
of this research. The area of interest of the study is 
only for less repetitive production, as the proportion 
of personnel costs in highly repetitive production 
could vary considerably.

2. Methodology
	 In order to make cost calculations, the complexity 
of individual products must be known. This can be 
determined by measuring labour consumption. 
However, for a comprehensive understanding 
of the manufacturing process, material flows are 
first defined and all workplaces are analysed. [6] 
By standardizing the work and finding out all the 
annual production costs, it is later possible to 
determine the cost of any type of product that is 
produced in the given segment.
	 Full cost-based calculations are used to determine 
the production costs. The objective is to capture all 
costs incurred during the manufacturing process. 
The methodology of calculation is based on the 
literature [2] and [7], where the computational 
relationship of the production cost is described as:

PC DMa DWa IMa MC TC Cntech� � � � � � ( )1

PC…production costs		  [EUR]
DMa…direct material		  [EUR]
DWa…direct wages		  [EUR]
IWa…indirect wages		  [EUR]
IMa…indirect material costs	 [EUR]

MC…machinery costs		  [EUR]
TC…tool costs			   [EUR]
Cntech…non- technological costs	 [EUR]
	 In this case, the calculation unit is considered 
to be a product that has defined required work 
performance. Material consumed for the production 
of a calculation unit is called ‘direct material’ and is 
determined using a bill of material based on the 
material consumption standards. Direct material 
does not change due to the migration of the 
production unit and can be used as a constant. The 
difference between the production costs and direct 
material is called ‘processing costs’. [5]

PrC PC DMa� � ( )2

	 After the cost breakdown into technological and 
non-technological operations, processing costs are 
specified as follows:
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PrC…processing costs		  [EUR]
Ctech…technological costs		  [EUR]
Cntech…non- technological costs	 [EUR]
Cman…manipulation costs		  [EUR]
Cprem…premises costs		  [EUR]
Ccont…control costs		  [EUR]

3. Case study
	 The case study compares the costs of an original 
production unit in Switzerland (Company CH) 
and a new production unit in the Czech Republic 
(Company CZ). These production units are identical, 
they are engaged in the fabrication of heating 
elements, and their machinery is not debited. 
First, the processing costs of the production units 
were compared. The following is a comparison 
of the annual technological costs of both units, 
which do not include manipulation, premises or 
repairs. Calculations of the processing costs and 
the production costs of representative products 
will be made to demonstrate the impact of the 
cost change after the relocation of production. All 
financial data are listed in monetary units (MU), 
which are recalculated using the key (but the ratios 
will be true).
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Fig. 1: Material flow [4].

 

	 Fig.1 outlines material flow in the production unit 
layout. The material flow did not change after the 
relocation of production. Brown lines indicate the 
flow of the main commodity. Red lines represent 
the flow of the auxiliary material. Grey shows the 
final handling and transport from the workshop.
3.1. Annual cost of production units
	 Comparison of annual processing costs can be 
used as one of the benchmarks for cost evaluation 
of the production units. These costs result from 
production costs but do not include direct 
material cost. The assumption is that the supplier 
of direct material will not change (after relocation) 
and processing costs will stay the same for both 
production units.

Fig. 2: Annual processing costs.
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	 It can be deduced from Fig. 2 that Company CH 
has an increase of 2 162 599 723 MU in annual 
processing costs, which is more than twice as 
expensive as Company CZ. The most significant 
impact on the change in processing costs change 
is hidden in the technological costs. Annual 
technological costs, which are (together with non-
technological costs) part of the processing costs, 

have to be compared in order to detect the major 
differences in processing costs.

 
 
 
 
 
 
 
 
 
 

 
 
 
 
 

 

Technological costs [MU]- 
Company CH 

DWa 1 319 299 369,42 
IMa 221 667 300,00 
MC 859 013 535,24 
TC 49 259 400,00 

Manipulation 207 246 917,50 
Premises 913 809 159,02 
Control 126 065 175,00 

IWa 293 177 637,65 

SUM 3 989 538 493,83 

Technological costs [MU]- 
Company CZ 

DWa 320 104 001,00 
IMa 221 667 300,00 
MC 859 013 535,24 
TC 49 259 400,00 

Manipulation 104 338 103,29 
Premises 228 452 289,76 
Control 126 065 175,00 

IWa 84 237 895,00 

SUM 1  993 137 699,29 

Table 1: Technological costs.

	 Table 1 represents the greatest deviations in 
technological costs of both units which occur in 
direct and indirect wages. The difference of annual 
direct wages is 999 195 368 MU. Another significant 
factor is the cost of premises which is 685 356 870 
MU higher in Company CH. There are also some 
variations in energy costs, where Company CZ has 
102 908 814 MU less.
3.2. Product costs
	 Although deviations in annual processing costs of 
both production units are known, it is still essential 
to ascertain the impact of these costs on particular 
products. Therefore, a commonly produced 
representative product is selected. 
	 Processing costs are assigned to the representative 
product by a step-by-step calculation. [3] It accurately 
copies the material flow of the product through the 
cost locations. Cost locations are expressed by the 
hourly rate of these places and all selected products 
passing through them have a determined time 
consumption for each cost location.
	 Processing costs of this product are equal to 24 635 
MU in Company CZ and 53 077 MU in Company CH. 
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Fig. 3: Product processing costs.

 

Fig. 4: Product production costs.
 

All types of costs are higher for the Swiss company, 
mainly due to personnel costs, which were reflected 
in the cost locations by means of an hourly rate.
	 In order to determine the price of products, 
production costs are used as the basis of calculation, 
to which the administrative and sales charges, profit 
and eventually rebate, are added. It is necessary to 
determine the cost of direct materials to compare 
the production costs of common pieces. Direct 
material, together with processing costs, makes up 
the production costs.
	 Company CH production costs are 48 150 MU 
higher, which is 34% more than in Company CZ. 
Although administrative or sales overheads are not 
included in the calculation, we can assume that if 
the final price of products after the relocation of 
production has not changed, there is an increase in 
profit.

4. Conclusions
	 The purpose of this article was to rebut the 
assumption that personnel costs do not have 
a significant effect on the level of production 
costs in automated production systems. Full cost 
based calculation was used for the evaluation. 
Determining and comparing processing costs has 
made it possible to assess how much personnel 
costs are involved. The calculation of production 
costs confirmed that direct and indirect wages form 

a significant component of costs.
	 The annual processing costs in Company CH are 
approximately twice that of Company CZ. The result 
of the case study thus disproves the assumptions 
about the non-significant importance of personnel 
costs. This study also demonstrates the impact of a 
cheaper workforce on competitiveness. Production 
costs of representative products of both production 
units vary considerably because of personnel costs 
(as shown on Fig. 4), even with the small number of 
workers directly involved in the production process.
It is necessary to realize that increasing automation 
will cause a shift from personnel costs to machine 
costs. It will then be appropriate to look at the 
costs in light of the increase in machinery costs and 
decreasing personnel costs.
	 Next step will be a comparison of the results 
of this study with the level of personnel costs 
for mass production. It would be interesting to 
ascertain whether, even with a larger number of 
manufactured products, the share of wage costs 
remains a non-negligible item.
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