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Enterprise management and its results depend on the system of control information. The PPROI SW‘s unique features 
lie in the integration of the enterprise‘s objective with the means to achieve it. This is succinctly expressed in the words 
„Aligning products, processes and resources to maximize ROI “. The realization of this intention required the creation 
of new information system structures, the introduction of new key variables and the formulation of linkages of all ele-
mentary factors, so that they are gradually projected into a comprehensive criterion, the ROI of the enterprise. 

This was made possible by the application of methods and tools of mathematics not previously used in management. 
Digitalization has breathed life into math formulas. PPROI SW simulates the controlled behavior of the enterprise itself 
as an organism and navigates the enterprise to maximum efficiency. Emphasis is given to the calculations for the pla-
nning period to ensure timely reactions of managers to future situations.

For a new way of managers‘ education, appropriate to the current IT era, we have developed a Demo version of PPROI.

In a thorough explanation of the issues, we describe the unique features of PPROI specifically and openly as the disse-
mination of the system‘s ideas and procedures is of general benefit.
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The quoted guidelines of the giants of science have universal validity. They are parti-
cularly relevant to enterprise management. There is much talk about the enterprise‘s 
effectiveness, but lacking is a variable enabling to measure the effectiveness of processes 
by products, which are the central subject of management and whose results determine 
effectiveness of the whole enterprise. In addition the product costs are measured too 
simplistically and the available information is highly distorted. 
In the absence of the necessary information, enterprises are mismanaged, wasting capi-
tal and thus physical resources. This has implications not only for the enterprises them-
selves, but also for entire national economies, the results of which are an aggregates of 
those of the enterprises. In our times, with the rapidly declining availability of resources, 
such wastage is particularly serious, which is a strong impetus for change.

Since the earliest historical money lending, the basic financial principle - the proportiona-
lity of the required monetary return to the amount and time of money lent has applied. 
Accurate measurement of money states over a certain period of time is mathematically 
made possible by a definite integral, in whose graphical representation as an area is time 
on the x-axis and money on the y-axis. The units of money - M and time – T determine the 
units of a definite integral whose content is moneytime, MT. 
For example, if the unit of money is € and the unit of time is a Year, the unit of moneytime 
is €Year. This is the standard procedure for calculating the basis for determining interest 
in a bank from the amounts and time of money in customers‘ accounts, even if the term 
definite integral is not mentioned.
In conventional management of the enterprise processes by products, however, the key 
money-time variable is missing. The stocks and time of capital employed in these proce-
sses are ignored. 
PPROI quantifies the capital employed in the processes for a particular product by a large 
number of definite integrals, reflecting resources in the direct process phases, as well as 
in the indirect territories of the enterprise. From the sum of these values, it calculates 
ROI for the product as ratio Operating Profit / Operating Capital Employed. The unit of 
measure of ROI is, among others, € / €Year. 
The definite integral is also used in PPROI to measure resources in quantity-time units.

The vital importance of imperatives of science in enterprise 
management

 Key PPROI innovation: two-dimensional measurement   
 by a definite integral

As the enterprise ROI is an inherently comprehensive measure of all the elementary phe-
nomena within the enterprise, influenced also by external factors, the enterprise man-
agement information system should have the same basic attributes. In PPROI this is so. 
All its input information characterizes the elementary parameters of specific products, 
processes and resources, identified according to enterprise territories. 
By system of mathematical functions, they are successively projected into costs, capital 
employed and ROI in processes by products and finally into the enterprise ROI. The en-
terprise‘s ROI can thus be managed at its root causes, calculating its values for different 
alternatives and choosing those whose ROI is maximum.

For the traditionally educated, thinking and acting enterprise manager, the previous cha-
racteristics of PPROI management information are groundbreaking. That information is 
unavailable in enterprise information systems and is also outside the scope of manage-
ment theory. For it, product costs are the determining issue from a financial point of 
view. By contrast, a person uninitiated in management, familiar with a definite integral, 
sees nothing revolutionary in the preceding text; it seems logical, quite normal. Both per-
sons are right, as management by costs is a huge divergence from the normal.
Take, for example, the standard products pricing by a profit surcharge on costs. The 
cost of a product has no time dimension; it relates to the moment of sale of the product. 
Expecting a profit from this value is as absurd as if a bank paid interest on the instanta-
neous state of money. And so is everything in management according to costs.
PPROI, by contrast, consistently respects the inherent objective of the enterprise and 
business in general, maximizing ROI. This fundamentally changes all kinds of previous 
evaluation, decision making and overall behavior of managers. The criterion of produ-
cts and their processes is the same as the criterion of the whole enterprise and as the 
interest rate in the bank. An artificial barrier of enterprise management from general 
financial thinking disappears.

 Completeness, specificity and linkages of information 

 Brand new but normal thinking and acting of enterprise  
 managers 

The main trends in current science were identified as: the disappearance of boundaries 
between branches and application of the apparatus of mathematics, which was previou-
sly considered unnecessary in some disciplines. PPROI reflects both of these trends.

 Reflecting the main trends in contemporary science

 „If you cannot measure what you are speaking about, then it is 
not science.“ Lord Kelvin

“Everything should be made as simple as possible, but no simpler.” 
Albert Einstein

Executive Summary
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Executive Summary via ROI Equation
Financial Information on Processes by Products

The Borderline of Management Science
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Entering the Two-dimensional World of Capital Employed, Applying a Definite Integral

The brief but unambiguous commentary on the state of information on key financial varia-
bles, provided on the previous page, should alarm for swift correction, as
1. This is the most important economic information. In enterprise processes by products it 
is decided on the financial results of whole enterprises, and thus of entire world 
2. Paradoxically, this is the case in the 3rd decade of the 3rd millennium, in information age
The first step to remedy must be the measurement of capital employed as ROI‘s denomi-
nator. 
On the Executive Summary page we have already stated that the solution lies in the applica-

Diagram right illustrates the process times from the purchase of materials through their storage, 
manufacturing of individual parts and storage of the final product until the moment of its sale.
On the y-axis is the capital value in inventories. The initial value of materials is their acquisition 
price. The stocks increase with the growth of process costs. The areas are expressed in moneyti-
me units. To these areas of capital employed should correspond the yield – profit, analogously as 
interest corresponds to the cash balances in the bank accounts during the period of  calculation. 
The product‘s costs are identical to the capital employed in the product at the time of its sale.
If the enterprise buys parts P1, P2 as materials, capital employed in his manufacturing the final pro-
duct F10 is much lower, but product costs are likely to be higher as they include profits of suppliers 
P1, P2. This clearly demonstrates that the traditional product pricing by a profit markup on costs is 
nonsense.

Capital in inventories is currently only a minor part of capital employed. The bulk of it is fixed capital in buildings, plant and equip-
ment. And capital in processing machinery, handling robots and other equipment is growing steadily. This requires a reduction in 
the product‘s costs; otherwise, the ROI would decline. But the machines themselves generate a wide range of variable costs, from 
energy to maintenance. And as fixed costs, the depreciation. These costs need to be calculated, as well as other costs that should be 
reduced. The necessary information on specific cost components does not exist in the ERP. This is one of the reasons why PPROI also 
addresses the issue of product costing.
The basis for the calculation of capital employed in processing machines is information on machine times in processing operations 
on individual BOM parts. These times have to be increased in proportion to the times of the machines concerned in idle times. Cal-
culations of time utilization of individual machines over all manufactured parts and the increase of values in active times by values 
in inactive times is done automatically by PPROI for the product portfolio in the plan. It does the same for depreciation calculations.
PPROI captures all capital employed in the process phases related to the BOM parts for the final product and in the process phase on 
final product itself, as shown in the figure above. On these phases, PPROI adequately allocates the capital employed in the indirect 
territories of the enterprise. All the capital of the enterprise in the plan period is assigned to specific products. PPROI applies the same 
procedure for product costing. The procedures are explained in Section 2 of this document. 

 A basic step to remedy the dismal state of enterprise‘s management information

 Capital employed in the final product and its BOM parts

 Capital employed in machinery

Money
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Product 
costs
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tion of a definite integral in moneytime units and graphically it is area. We now illustrate it. 
Before this, we note that the period over which the capital employed operates is respec-
ted in the ROI calculations at the enterprise level. Ratios of profit to capital value at the 
beginning of periods shorter than one year are annualized according to the length of the 
respective periods. 
In quantifying capital employed in processes, the process phase time is relevant. This is 
usually measured in minutes. It is converted into years according to the number of minutes 
in a year.
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PPROI as a Versatile Game Changer in Enterprise Management

The comprehensiveness of ROI and its superiority to other variables at enterprise level is 
graphically depicted by the so-called pyramid of financial ratios. There, the sub-variables 
as the ROI factors, are gradually composed into the ROI, which is at the pyramid‘s top. 
Same types of variables should exist at the level of processes by products. In PPROI this is 
so. This enables, for the first time ever, to manage enterprise products, processes and re-

 New key information on processes by products with general consequences

E

sources to the enterprise objective, maximizing the enterprise ROI. In ERP, information on 
ROI of processes by product and their demands on capital employed does not exist. There 
is only distorted information on costs and cost-efficiency. Management of processes by 
products towards an enterprise objective is impossible and the enterprise as a whole is 
mismanaged. See example in table.

The main problem of financial evaluation and management of products is seen to be distorted calculations of their 
costs. It is attributed to methods of management accounting, As these methods are adopted by ERP, the problems are 
chronic. There are several causes of the problem and their conceptual elimination in PPROI is as follows:
1. As the product cost components generated by individual resources are independent, they are recorded as such. 
Overhead surcharges do not exist because they are in logical conflict with reality for several reasons
2. A consistent difference is made between variable and fixed cost components. Variable are, inter alia, the costs gene-
rated by machinery and equipment at the times of their activities in the processes
3. Due to the fixed cost components, the total product costs are always calculated for the product portfolio in the period 
4. Respected is the sharing of some resources in processes for different products and the linkage of their costs 

 Elimination of chronic distortion of product costs

There is no isolated information and calculations in PPROI. The change in the value of each elementary input is pro-
jected into the costs, capital employed and ROI of the processes for the individual products and, finally, into the ROI of 
the enterprise through a comprehensive set of mathematical functions of all parameters. This applies to the physical 
parameters of products, resources and processes as well as to the prices of products and resources. Everything within 
the enterprise can thus be driven by its objective, maximization of ROI.

 Enterprise ROI as a mathematical function of elementary input data

The cost efficiency is higher in alternative A, but the ROI is higher in alternative B. Because the ERP lacks the data in red, alternative A is preferred as it is considered more efficient. Howe-
ver, this is a fundamental error that results in a lowering of the achievable enterprise ROI. The PPROI fundamentally changes this situation.
The application of ROI as a universal criterion changes the previous management of the enterprise in all conceivable ways. From pricing, through various types of strategic decision-
-making, incl. supply chain, the structure of resources, the product portfolio, to continuous improvement. And, as in the example, it also changes assessments of existing situation. 
PPROI financial information is applicable to all types of manufacturing processes, including lean manufacturing, which cannot be displayed in ERP even by physical parameters.
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Structure of the Document

The document is divided into three parts characterized below. Each page within a part has 
specific content that is listed in the page header. The references to other pages are rare.

This section outlines conceptual flaws of traditional enterprise management and their 
removal in PPROI. All these flaws have common basic cause: the inherent objective of 
the enterprise, and the interest of the investor - maximum return on investment is not 
respected. Instead of managing the enterprise‘s products, processes and resources ac-
cording to ROI, they are managed according to various mutually isolated sub-indicators, 
leading often to contradictory solutions. Their consequences for an enterprise‘s ROI are 
unknown, but undoubtedly significantly reduce its achievable value. In general: what cri-
teria, such solutions and results.
Contrary to the enterprise‘s objective and investors‘ interest is already the financial thin-
king of managers, aimed at minimizing product costs. It is a fallacy which, however, could 
not be countered due to the absence of an alternative. The key information on capital 
employed and therefore on ROI in processes by product did not exist. Moreover, even 
information on costs was partial; e.g., information on the components of costs generated 
by machines was absent. And the pricing of products by mark-ups on costs was wrong 
even conceptually. All of this applies to both management theory and ERPs.
PPROI has filled this huge information vacuum with a new type of variables, allowing 
quantification of capital employed and ROI in processes by products in conjunction with 
filling all variables by values defined for specific resources. Processes by products can be 
managed according to their ROI, and in order to maximize the enterprise‘s ROI, it is also 
possible to optimally structure the capital employed. Conceptually new product pricing is 
also integrated into management by ROI. 
The processed data relevant to individual user groups is presented by PPROI in standard 
form of reports. The specific feature of these reports is their completely new content. 
This part of the document contains reports for senior management, informing on crucial 
financial parameters of processes by product in planning period, essential for timely ra-
tional actions.
The last page is dedicated to managers‘ education through a demo version of PPROI soft-
ware. This is not only a progressive method of teaching, but also the only way to demon-
strate enterprise management with fully integrated data, resulting in enterprise ROI.

 The way of presenting the topic

 Part 0: Why new management software is a must / Why PPROI

In the introduction of this section, the authors of the content and math properties of 
PPROI cite as one of the main reasons for the development of PPROI the inapplicability of 
ERP information for lean manufacturing introduced by the CEPC restructuring team. The 
overall innovations of PPROI compared to ERP are summarized on a separate page and 
also convincingly characterized by a PPROI user who received an award from the Prime 
Minister of the Czech Republic for the successful application of PPROI (see last page of 
this section).
The characterization of the development of the system itself, from the formulation of the 
basic concept, emphasizes respect for the laws of nature, both physical and economic, as 
a basic prerequisite for a successful solution of the problem. 
The sequence of steps logic          mathematics         digitization is also emphasized. 
Definite integral is explained and its application is clarified as a mathematical condition 
for the correct enterprise management - its entry into the field of science as it enables 
measurement of capital employed in processes. Product costs are also explained from a 
mathematical point of view. 
Attention is paid to the behavior of capital employed and costs in terms of supply chain, 
lean production and resource structure. Structures and links of all information resulting 
in ROI of an enterprise are outlined in the PPROI architecture diagram with the following 
commentary. 

This part deals in detail with financial variables and their values from content and math 
points of view. The first page presents the properties of these variables on the enterprise 
level. Most other pages are devoted to the description of procedures for calculating the 
capital employed and costs generated by individual resources in processes according to 
products not only in the phases of processing operations, but also in the phases of logis-
tics processes; these procedures are applicable to the financial parameterization of pro-
cesses in purely logistics companies. Separate attention is paid to calculating the impact 
of defects in processing operations on material, labor and machinery costs, while distin-
guishing between repairable and irreparable defects. The records of capital employed 
and costs in indirect territories and their allocation on the phases of direct processes are 
also described separately. Two pages deal with product pricing.
Then, the behavior of financial variables in different types of strategic decision-making 
and the irreplaceability of ROI are described. This part is closed by a case study.

  

  

 Part 1. PPROI development

 Part 2. Brand New System of Financial Information / Financial 

F
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Commentary by Authors of PPROI Content and Math Attributes

We were once asked to say, in a few words, „in what 
aspect is PPROI the most groundbreaking?“. After a short 
thought, we answered: „The application of a definite 
integral“. This step introduces into enterprise manage-
ment, and economics in general, an entirely new type of 
variable which uses a two-dimensional measurement, in 
moneytime (MT) and quantitytime (QT) units of measu-
re. Without this, it‘ s impossible to manage the enterprise 
towards its natural financial objective, i.e., the maximum 
ROI value, and to solve other chronic problems of enter-
prise management. The photo documents the clarificati-
on of the application of a definite integral by Prof. Milan 
Matějka at a conference dedicated to PPROI in the lecture 
hall of The Academy of Sciences of the Czech Republic.  

A detailed explanation was a prompt response to the 
conference participants’ request in the final discussion 
because for all of them, it was a completely new thing.
The launch of PPROI development was preceded by a clo-
se link of the academic and practical activities of a team of 
experts with a complementary knowledge backgraound. 
Within the Executive Development Programs – „EDP“ of 
the Prague University of Economics and Business the tra-
ining of top executives of companies in progressive ma-
nagement methods took place. At the same time, these 
methods were implemented in the restructuring of some 
industrial enterprises by the consulting firm Central Eu-
ropean Productivity Center – „CEPC“. Prof. Matějka hea-
ded both EDP and CEPC. The restructuring of companies 
was focused on the introduction of lean manufacturing, 
teamwork, and the overall optimization of enterprise pro-
cesses under the ROI criterion. The top executives of the 
restructured companies had previously completed EDP 
and were thus theoretically prepared for fundamental 
changes. 
However, we faced the problem with ERP information 
system used in all companies, albeit from different pro-
viders. The basic conceptual elements of ERP in produ-
ction management reflect the procedures of „scientific 
management“ from the first decades of the 20th century. 
The computerized enterprise information systems of the 
1950“s took over these methods as unquestionable and 
enabled automatic data processing. However, this has 
conserved oversimplified information procedures, desig-
ned moreover for the organization of production, which 
has gradually become obsolete. This also applies to the 
MRP plan developed in the 1960“s, which in itself is over-
simplified and unfeasible. In terms of content, the most 
striking weakness of ERP is the lack of information about 
machines and equipment in processes, as they currently 
generate a wide range of cost components and, together 
with buildings, represent employed fixed capital. This is 
another of the basic reasons why the management of en-
terprise product, processes, and resources to maximize 

ROI is impossible. 
Creating a system of physical and financial informati-
on necessary for the management of newly introduced 
practices via Excel and later Access, which we tried, led 
to provisional and unsatisfactory solutions. Therefore, in 
cooperation with IT programmers, we started developing 
fully-fledged software, with its own database, computing, 
and user layers.
The basis of PPROI are completely new solutions to 
enterprise management issues from the content and 
mathematics point of view. PPROI is associated with the 
reassessment of a number of postulates and models of 
traditional management theory from the ground up. The 
application of PPROI has therefore encountered a lack of 
understanding of its procedures by traditionally educa-
ted managers. 
To address this knowledge problem, some academics 
and practitioners recommended us to first thoroughly 
explain the characteristics of PPROI from a theoretical 
perspective in the form of a newly conceived enterprise 
management textbook. And to do so in conjunction with 
the PPROI software in its tutorial form, which demonstra-
tes the application of new theory in a real system that 
students can operate to gain practical knowledge. We ac-
cepted these recommendations as meaningful, also be-
cause it is impossible to give examples of very complex 
calculations of financial parameters of individual produ-
cts outside sophisticated software. That is why we have 
developed a demo version of PPROI.
The subsequent text of this document has the function 
of a theoretical explanation and justification of PPROI 
procedures and can be seen as a textbook, albeit in a 
very unconventional form. While striving for maximum 
density, we also strive for clarity and concreteness in our 
claims. 
We hope you find the text interesting and look forward to 
your response.
   Prof. Ing. Milan Matějka, DrSc.
   Ing. Marcel Matějka, PhD

Dear reader,

In this PPROI presentation document, we will try to cla-
rify the truth of the statements made on the title page. 
PPROI contains a spectrum of breakthrough information, 
justified in terms of science and through the procedures 
and tools of contemporary science navigates enterprise 
management to maximum efficiency.
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0. Why PPROI Crossing the Borderline of Science

The natural objective of any business is to strive for maximum return on in-
vestment. This is a basic law of economics given by nature, interest of investors, 
and driver of economic development of the society. Respect for this law is the 

5 things you need to know about flaws of traditional enterprise management
• The ambivalence of financial thinking. Logically thinking person as an investor interested in maximizing ROI, as a man-
ager seeks to minimize product costs and ignores the enterprise‘s objective. This fundamentally flawed half of his ambiva-
lent thinking outweighs.
• Lack of crucial financial variables. In ERP and elsewhere, information on capital employed and ROI in processes by pro-
duct is missing; This crucial information gap is ignored even in theory; traditional types of economic variables are unusable.
• Only partial information on product costs generated by specific resources. Inter alia, information on costs of machi-
nes is missing. Calculating overheads by mark-ups on direct wages and direct materials is senseless and misleading.
• Fragmented perception of the enterprise, management by sub-variables. The individual sections of the enterprise are 
managed in isolation according to different, often contradictory partial indicators. There are no links to the enterprise‘s ROI.
• Huge waste of capital and thus of natural resources as a result of the above and other flaws of traditional enterprise 
management. Basic law of economics is not respected, managers grope outside the realm of science.
 

Solution through groundbreaking management software
• Unambiguous focus on the enterprise objective. ROI is viewed as a comprehensive universal criterion of any alternatives.
• Application of the definite integral in a new, two-dimensional type of economic variables necessary for measuring capital em-
ployed, ROI, and other phenomena. The primary mathematical condition for the entry of enterprise management into the realm of science. 
• Full information on specific resources related to processes by products. No overheads. The basic assumption of managing en-
terprise ROI on its root causes and data accuracy.
• Reflecting the enterprise as an organism, full data integration and digitalization. Conceptually new architecture of the informa-
tion system. Successive projection of elementary parameters of products, processes and resources in linkages through mathematical 
functions into costs, capital employed and ROI of processes by products and finally into the enterprise ROI. Reviving math formulas 
through digitization. Focus on planned financial enterprise management. Full information support for lean manufacturing. 
• Education in enterprise management aimed at ROI MAX through the PPROI demo filled with data and allowing users to simulate 
the behavior of the entire enterprise system as inputs change. Knowledge base for practical enterprise management without wasting 
capital, using potential of current IT.

 Respect for the natural mission of the enterprise

 Pre-scientific management practices

 Systematic scientific management 

borderline of scientific management. In the enterprise, as organizational unit of 
business, ROI is a rate of reproduction of its capital, i.e, the very essence of the 
enterprise. ROI maximizing must be continuous and achieved through processes 
by products, each aimed at ROI MAX.

Before PPROI

Costs
MIN!

ROI
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INVESTOR MANAGER

Using PPROI
MANAGER AS INVESTOR
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MAX!
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The Borderline of Management Science
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Scientific breakthroughs usually require refutation of previous wrong 
ideas and claims taken for granted, the „false axioms“. On the previous 
page, we listed as fundamental flaws of traditional enterprise manage-

The costs as a decisive measure of the financial requirements of a specific product, and 
the benefit of lower product costs are taken for granted and emphasized throughout 
management theory and practice. Readers of the previous summary of the advantages 
of PPROI may therefore be outraged already by the first picture with the corresponding 
text. They probably think to themselves: „What‘s wrong with minimizing costs? What kind 
of ambivalence? After all, the lower the product costs, the higher the profitability of the 
product and higher the ROI“. 
In fact, however, both cost and profitability are very misleading sub-variables when 
used as criteria. Inter alia because their values contain inter-firm duplications (inter-
sections) dependent on the supply chain. ROI is a comprehensive variable, free of du-
plications, and evaluates alternatives differently than costs and profitability. For example, 
if an engineering company manufactures its product from basic materials, the require-
ments for workers, machinery, other equipment and inventories can be many times grea-

Providing information on capital employed and ROI in processes by product requires not 
only the application of a definite integral, but also the recording of machines, equipment 
and other objects that contain capital employed. This puts new high demands on the in-
formation. In order to get the ROI values correct, it is also necessary to solve the chronic 
problem of the large distortion of product costs by their traditional calculations, for which 
management accounting has been labeled the enemy of enterprise No. 1. Inter alia, infor-

All the above mentioned flaws of traditional management information are concentrated in 
ERP systems. Managing enterprise products, processes and resources, and thus the en-
terprise as a whole, to the enterprise objective, ROI MAX, through ERP is impossible. The 
differences between PPROI and ERP can be easily demonstrated on demo versions of both 
systems, filled with data. Example: The price of electricity goes up. One record of the new 
price is made in PPROI and the system changes, among other things, the electricity costs 
for each machine in microphases in which the machine is active. Product costs rise, but di-
fferently for each product. In different ERPs, product costs usually do not change when the 

 Fallacy No 1: Financial criteria of products are costs and profitability

 Fallacy No 2: Higher quantity and accuracy of information requires higher costs

 Fallacy No 3: ERPs provide all information for proper enterprise management

ment issues that the readers probably consider correct. Therefore, we 
now briefly comment on the main fallacies, which are dealt with in detail 
later in the document.

ter than in the mere final assembly of the product within the enterprise. The differences in 
capital employed, from which the effect - profit - must be expected, are therefore multiple. 
The opposite relationship usually holds for product costs. See example in the table below.

In Alternative B, the product has higher costs and much lower profitability, but twice the 
ROI value than in Alternative A. But no one realized such a possibility, because information 
on capital employed and ROI of processes according to products did not and still does not 
exist, besides PPROI.

mation on resources and their times in the microphases of processing operations is requi-
red. Demands on the quantity of accurate information against existing information increa-
se multiply, in double-digit. With traditional methods of information provision, the costs of 
information would be enormous. As stated by PPROI user on page 1-14 of this document, 
in PPROI, information is obtained very efficiently by previously unused methods of 
„science – especially mathematics“.

price of electricity changes and if they change, they do so incorrectly.
ERPs are rather criticized as outdated for the infeasibility of MRP production plans. They 
ignore the demands of planned processes on operators and thus deny the laws of phys-
ics. In addition, ERPs are associated with outdated, low-efficient organization of production 
processes. This is also a hindrance to maximizing ROI. PPROI control information therefore 
provides full support for lean manufacturing and other current progressive practices.
So, unless ERP is fundamentally changed, its users cannot reach the much-needed reduction 
in capital wastage and the excessive drawing of increasingly scarce natural resources.

0. Why PPROI Refuting Deep-Rooted Managerial Fallacies



0–3

More than 100 years ago, Donaldson Brown, known as the father of ROI, created a model in which 
ROI is a synthetic, top-level variable and other variables are its factors. The model was later de-
composed into many levels with the aim of maximizing ROI through the values of the lowest level 
indicators. In practice, the pyramid is rarely used as it contains past company-wide data. It does 
not contain information on processes generating products and is unusable for planned enterprise 
management. But that doesn‘t change the crucial importance of ROI itself. Buildings, machines, 
other equipment and inventory represent a visible, physical form of capital employed. The fi-
nancial effect, profit, should correspond to the stocks of this capital in monetary values over the 
assessment period and the length of that period. Management should strive to maximize the ROI 
values in processes for individual products, as the enterprise ROI is a weighted average of these 
partial ROI values.
However, management theory and practice are financially focused only on costs and prices of pro-
ducts and derived profit and ratios. Capital employed and hence ROI are completely ignored. This 
is clear from the pyramid: the variables in the blue and green rectangles are neglected.

The diagram on the left characterizes that all financial variables in the ROI equation can be interpreted as capital 
parameters, both at product and enterprise level. Indeed, the ratio of capital employed to sales, or even to costs, is 
commonly interpreted as the capital turnover time, which would not be possible if costs and price were not parame-
ters of capital. But this correct interpretation also means that in the enterprise management by costs and profitabi-
lity, the capital turnover time is ignored deliberately, which is totally unacceptable. 
However, management by costs and profitability seems the most absurd in terms of the mathematical properties of 
the variables. Capital employed, measured by a definite integral, has not only a monetary but also a time dimensi-
on. Comparing profit with the quantity and time of capital employed within ROI respects elementary financial logic. 
In contrast, the cost and price of a product do not have a time dimension; their values are defined at the time the 
product is sold. To expect profit to be proportional to any instantaneous value, including costs or price, is nonsense. 

It is illogical not only to evaluate products according to profitability or cost-effec-
tiveness, but especially standard product pricing, on the principle of
Price = Costs * (1 + (Profit / Costs) target ratio) 
It‘ s only logical to task the ratio of profit to CE, i.e. the ROI value, using the  
formula  

 A key, synthetic function of ROI but ignored in management practice

 Content and mathematical characteristics of financial variables

Price = Costs + CE * ROI target
But this requires knowledge of the capital employed for the product. The real  
target ROI can be higher the better the enterprise uses resources in terms of 
costs and CE. And for both, it is necessary to have the right numerical informati-
on. The market situation must also be respected.

The negative consequences of focusing on costs and profitabili-
ty instead of ROI have already been commented on the previous 
page. However, the problem had no solution before PPROI, as in-
formation on ROI and capital employed (CE) in processes by pro-
duct does not exist in either financial or management accounting. 
PPROI fills this crucial information gap.

= 1 -              /
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Processes of industrial enterprises are traditionally described, planned and ove-
rall managed according to products. This makes sense, as these processes of-
ten differ fundamentally in content and scope; they involve different processing 
operations, different resource structures within operations, and other different 
physical attributes. The prices of products and used resources also differ. The-
refore, the ROI values in the processes for individual products also differ. The 

enterprise ROI value is a weighted arithmetic average of the ROI values in the 
processes defined for individual products, where the weights are the values of 
capital employed (further we use the abbreviation CE) in particular processes. 
CE for a certain product is determined by CE for a unit of the product and by 
quantity of the product. The average can be expressed through shares of CE in 
processes by products.

Enterprise ROI

ROI 1
In Processes
for Product 1

Capital Employed 1
Share in Processes

for Product 1

ROI N
In Processes

for Product N

Capital Employed N
Share in Processes

for Product N* *+...+

where
ROIe  is ROI of an enterprise
ROIi  is ROI of processes for the i-th product
CEe  is Capital Employed in the enterprise
CEi  is CE in processes for the i-th product

In order to maximize the enterprise ROI, it is necessary to strive for maximum ROI in the processes for individual products and structuring CE in favor of products with 
above-average ROI values. So, the processes defined for individual products should be treated as in-house investment areas. Such thinking and acting of an enterprise 
manager are identical to the thinking of an investor who always strives for the maximum return on the entire portfolio of invested capital and the manager should 
think and act like an investor. However, through the PPROI calculation, it is necessary to assess the reduction in quantity of any product in advance, as this reduces the 
ROI of other products.

Tables left illustrate the impact of CE structure on enterprise 
ROI. With the same ROI values in the processes for the in-
dividual products in both tables, the enterprise ROI value is 
significantly higher in the first table because there is much 
higher CE share in the processes for product B, which have a 
higher ROI value than the processes for product A.

The formulation of the above formula and procedure is not enough. Numerical 
information on CE and ROI in processes by product is required. And these are mi-
ssing not only in ERP but in general. Ignoring these variables means that the enter-
prise cannot be managed to its objective, ROI MAX. The true ROI of an enterprise 
arises randomly and is always far below achievable possibilities. The enterprises 
are wasting capital without their managers being aware of it. Solving this key pro-
blem required first to address the problem of measuring CE and ROI. A definite 
integral was applied to measure CE in money-time units; such a unit is e.g., €Year. 

The unit of ROI is then the ratio of a monetary unit to a money-time unit, e.g., 
€/€Year. This respects the basic financial principle of comparing the monetary 
return with the amount and period of the money invested. 
From the ground up, the calculation of CE values in the processes by product and 
also the calculation of the costs of these processes have been solved in order to 
calculate the profits and thus the ROI values correctly. A new information sys-
tem architecture and an extensive system of mathematical variables with their 
functions were created. Projecting them into PPROI software allows a systematic 
management of the enterprise to its objective while flexibly respecting changes.

Processes      ROI         CE Share  ROI    CE Share

Product A      0.05 0.20  0.01

Product B      0.075 0.80  0.06

Enterprise     0.070 1

Processes      ROI         CE Share  ROI    CE Share

Product A      0.05 0.80  0.04

Product B      0.075 0.20  0.015

Enterprise     0.055 1

 Processes by products as in-house investment areas; Manager as investor

 Developing the necessary information from scratch  

* *

0. Why PPROI Maximizing of Enterprise ROI through Processes by Products
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PPROI –  End of capital wasting due to  
  information systems weaknesses

  

  

  

 The importance of visual perception of things 

 Before PPROI: Absence of key information

PPROI‘s brand new financial information on products, their processes and resources, both in ter-
ms of content and accuracy, enables managing the enterprise to its objective and to eliminate the 
previous capital wasting, which is to the general benefit. 
The application of PPROI in fact means a leap of enterprise management into the field of science. 
This has been achieved primarily by applying mathematical tools not previously used in manage-
ment, which is one of the main trends in contemporary science in other areas as well. 

 PPROI: Comprehensive information, a leap into science

Situation in the information needed for proper 
enterprise management is illustrated by the ROI 
formula, containing variables defined for the 
processes for a specific product. Before PPROI, 
the data needed to populate the variables was 
either completely missing or incorrect. And out-
side PPROI, this is still the case. Products, their 
processes and resources cannot be managed 
to maximize ROI, capital reproduction is much 

lower than it can be when the necessary information is available, which means wastage of capital 
and therefore physical resources. The enterprise stakeholders and the public suffer, the wealth of 
countries grows more slowly than it could. It has nothing to do with science, of course.

The conceptual, substantive and mathematical attributes and benefits of PPROI, projected into 
the groundbreaking management software, are succinctly presented on the previous page. In the 
following sections of this document, the unique properties of PPROI compared to conventional 
practices are explained in detail. However, we are also aware of the power of the visual perception 
of things, expressed in words: „One concise picture can be more important for understanding and 
remembering things than a thousand words.“ That‘s why already on the first page of this section 
we characterized the situation before PPROI by an ambivalent mindset, one half of which wants to 
maximize ROI as an investor, the other half of which wants to minimize costs as a manager. Becau-
se there is no information in the ERP or elsewhere on product ROI, the person focuses on product 
costs, even though this information is only partial and the correct total product cost cannot be 
determined. PPROI changes this situation from the ground up. The manager can think and act like 
an investor, as he/she has information on the ROI of individual products, as well as on the structure 
of capital employed in processes by products.
As we use images, photos, charts, tables and formulas throughout the document, we do so even in 
the image of the capital wasting that PPROI eliminates.

Price – Costs

Capital Employed
ROI =

Unknown

Wrong pricing
formula Distorted

Unknown

0. Why PPROI Far-reaching Benefits of PPROI through a Leap into Science
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Looking at the state of information on capital employed, costs, prices and ROI 
in processes by products, characterized on the previous page in red for each 
variable in the ROI equation, it is clear that one fundamental innovation alone is 
not enough. The necessary conceptual innovations are multiple and should be 
simultaneous, as they are complementary. Unless the measurement of capital 
employed in the denominator of the ROI is accompanied by correct calculations 
of product costs, the numerator of the ROI is distorted and hence the resulting 
value of the ROI. And the correct solution to both problems can be negated by 
traditional product pricing. 
Most readers will probably be interested in how PPROI addresses the well-k-
nown chronic problem of distortion of product costs. PPROI‘s product costing 
procedures are described in detail in the Financial section. However, we will out-
line new conceptual solutions already here. 

The statement that costs are not a variable to which profit should be proporti-
onal does not negate the crucial importance of product costs and their correct 
calculation. Costs are as irreplaceable as capital employed, because both are 
variables co-determining ROI. In PPROI is eliminated a basic cause of the known 
large distortion of product costs – calculations of overheads through percentage 
surcharges on direct material and labor costs. This assumes that the other cost 
components are directly proportional to one or both of the recorded compo-
nents, which is not true in any specific case. 
The direct material costs are usually the basis for calculating the so-called supply 
and possibly also sales overheads, i.e. the costs of logistics processes. However, 
these costs depend on the physical parameters of the transported, handled and 
stored items, their volumes and weights, not on their prices, which determine 
the direct material costs. 
Direct wages are a recorded component of the costs of processing operations. 
However, the other costs of processing operations do not depend on direct 
wages. 
Other variable costs are mainly generated by machines and other equipment 
in the times of their activity. However, these times are usually only parts of the 
total  times of operations for which the operators‘ wages are defined. Apart from 
the time inconsistency, another reason for the illogic of overhead surcharges 
on direct wages is the independence of the other components of variable costs 
from direct wages; this applies, e.g., to the cost of machinery energy, consumab-
le tools and maintenance. PPROI solves these problems by introducing micro-
phases within operations, registering their times and specific resources within 
each microphase, and by calculating the costs that individual resources generate 
from data on their minute physical consumption or wear and tear and from re-
source prices. 
Since direct materials and direct wages are variable components of produ-
ct costs, the fixed cost components in particular cannot be linked to them. In 
PPROI, the fixed costs, generated by machines, other equipment and parts of 
buildings in processing operations are increased inversely to the time utilization 
of the relevant facilities in the period under assessment. The costs generated by 
resources in indirect territories, mostly of a fixed nature, are logically allocated 
to the phases of direct processes. PPROI calculates all fixed product costs dyna-
mically for a specific product portfolio in a given period.
Some ERPs contain a variable „minute cost of work center“. However, for the 
above reasons, such a variable cannot have real content, whatever value the 
user enters is meaningless.

The need to quantify capital employed in processes by product as a primary con-
dition for correct financial management of an enterprise has been addressed 
several times in the preceding text. Now we just repeat the basic argument. The 
capital employed is an obvious base against which to compare profits. At the en-
terprise level, almost everyone understands this. The enterprise with a capital of 
€1,000 million should make ten times the profit of an enterprise with a capital of 
€100 million. This is also true at product level. It is apparent if the company pro-
duces a single product. The same apply to products within a broader portfolio.
Profit-to-cost ratios can be - and in practice are - different for a given profit-to-
-capital ratio, i.e. for a given ROI; these differences, arising from attributes of 
costs, are in themselves irrelevant. The ratio of a product‘s profit to its costs 
informs only whether the processes for the respective  product generate an 
effect - profit. And this determines the sign of the ratio, i.e. >, =, < . The values 
within the fields > 0 or < 0, do not say anything about the efficiency of enterprise 
processes. And not only at the level of processes for individual products, but 
also at the enterprise level. 
For a given value of the profit/costs ratio, there can be, and in practice are, diffe-
rent capital turnover times and consequently different ROI values.

 Complementarity of necessary solutions to conceptual  
 problems

 Eliminating the causes of chronic distortion of product costs 

 The basis of the financial yield is the capital employed,  
 not the costs  

0. Why PPROI Change in the Role of Product Costs and Methods of their Calculation
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The basic tool for managing the enterprise is the plan, which contains information 
on the quantities of each product for the relevant period. Financial information 
should correspond to these products. Without it, the enterprise is an internally 
unknown entity from a financial perspective that cannot be properly managed. 
Prior to PPROI, this was the case in general. We have already pointed out on page 
0-5 the unavailability of ROI and capital employed information, the distortion of 
product cost information and the irrationality of product pricing. 
PPROI eliminates these information gaps and distortions via a broad spectrum of 
completely new data. Based on user-inputted information on standard physical 
parameters of products, resources and processes and on resource prices, PPROI 
calculates the components of costs and capital employed in processes by produ-
cts and aggregates these into total costs and CE by product. From these values 
and product prices, it calculates the ROI for each product and the enterprise‘s 
ROI.
From the successively calculated values of the variables, PPROI generates a set 
of reports containing graphs, tables, and statistical characteristics of the data 
appropriate to the content of the reports. This and the following three pages 
describe and demonstrate the reports that are essential to the financial manage-
ment of the enterprise at the highest level. From these, management can see the 
main problems and give timely guidance on how to address them.
For a broader product portfolio, the data in the top reports may refer to product 
groups, broken down for individual products in the lower reports. 

The report informs on the capital turnover time in processes by products and its 
impact on ROI.
The common perception that an increase in capital turnover time is a negative 
factor of production efficiency is not justified. The capital turnover time increa-
ses as the scope of the manufacturing processes within the enterprise and their 
demand on machinery increases. This can be advantageous. The continuous pro-
duction of a product within an enterprise, starting from basic materials, carried 
out by automatic machines and handling robots and ending with assembly, has 
a long capital turnover time. However, it can be more efficient than only assem-
bling a product from purchased components, which has a short capital turnover 
time within the enterprise. By dividing production process between enterprises, 
the demands on producing parts are shifted to suppliers. Logistics costs and ca-
pital employed increase. The costs of purchased components are higher compa-
red to in-house production, also as they include supplier profits. 
However, the data in the report characterize a significant trend of declining ROI 
with increasing capital turnover time, which we found to be generally prevalent. 
The main reason for this is product pricing by percentage mark-ups on costs 
containing value transferred from suppliers. A higher share of purchased parts 
generates higher costs and, through a percentage profit markup, higher profit 
and ROI compared to complex production in-house, which has no logic. 

This is the primary report to Executives, Supervisory Board and major investors. 
It provides information on the ROI and capital employed structure in processes 
by products, and consequently on the ROI of the enterprise. The procedure, inc-
luding the formula, is described on page 0-4. 
This breakthrough information enables to evaluate and manage enterprise pro-
cesses by products in accordance with the basic financial principle of comparing 
money yield with the amount and duration of money tied up. The difference 
between the enterprise management criterion and the universal financial crite-
rion applied outside the enterprise disappears. Traditional enterprise manage-
ment by criteria other than ROI cannot be characterized as anything other than 
a deviation from the economic norm, with very negative consequences. This 
diminishing of boundaries between fields, made possible by the application in 
management previously unused apparatus of mathematics, reflects two major 
trends in contemporary science.

Positive results of physical processes are often devalued by product pricing. Sa-
lespeople in negotiations with customers do not even have reliable data on the 
product costs, they do not know what price range they may be in. PPROI is chan-
ging also this situation.
The pricing report contains PPROI data on costs and capital employed in pro-
cesses by product and on product prices, resulting in ROI values for products 
(already included in the first report). The enterprise‘s executives determine the 
target ROI value. PPROI calculates the recommended product price using the 
formula on page 0-3. The product costs are increased by the required profit re-
sulting from the product of the capital employed and the target ROI. The basic 
financial principle is respected, all products and their process alternatives have 
equal conditions. 
Negative differences between actual and recommended prices should be ex-
plained by sellers and gradually eliminated if competitors‘ prices allow it. Such 
systematic pricing is one of the cornerstones of overall enterprise management 
to maximize ROI. 

 Financial information for the plan period  Capital turnover time and ROI

 ROI and capital employed by products       Enterprise ROI  
 Product pricing according to target ROI value 

0. Why PPROI PPROI Reports for Senior Management
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For the product portfolio in the planning period, inform on

• ROI - Yield per monetary unit of capital employed in the processes for each product over 
a 1-year period

• Integral states of capital employed in processes for the product concerned in terms of 
quantity and time
Both determine the enterprise value of ROI. This brand-new information allows, for the first 
time in history, to manage the enterprise in accordance with a generally valid basic financial 
principle, in the interest of the enterprise‘s objective, maximizing ROI.

ROI values are multiplied by 100, i.e., expressed in the same way as the interest rate in 
banks.
The data in the table and graph are ranked from the lowest to the highest ROI value.
The capital employed in the processes for each product is expressed in the table in absolu-
te terms and as a percentage of the total capital employed in the enterprise.
The statistical characteristics above the graph provide condensed information about the 
dataset

• An enterprise‘s ROI is computed as the average of the partial ROI values, weighted by the 
capital employed in the processes for the respective products; compared to the simple 
average of the values, it is lower by 3.15 due to the heavy weights of capital employed in 
the processes with low ROI values. 

• The simple average of the ROI values and the effect of the capital structure on the enter-
prise ROI are presented in separate frames

• The average deviation characterizes the variability of ROI values - their average distance 
from the simple average

Characterize the fictitious firm in the first PPROI calculations. However, the variability of ROI 
values tends to be greater than in the report, since in traditionally managed enterprises 
there is only distorted information on product costs, ROI values for products are generated 
randomly.
The data presented in this report are also used in the follow-up reports.

 Crucial information for correct enterprise management, 
 unknown before PPROI

 Variables in the report and their statistical characteristics 

 Specific data

0. Why PPROI ROI & Capital Employed in Processes by Products      Enterprise ROI 
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0. Why PPROI Capital Turnover Time and ROI

The capital turnover time, when calculated correctly, is equal to the ratio Capital employed / Costs. It cha-
racterizes the average time of a monetary unit of capital in process. This is true both at the enterprise level 
and for processes for individual products. The standard unit of time for the turnover of capital is the year; 
in certain contexts it is expressed in days. 
Turnover times depend mainly on the scope of processes for products within the enterprise and on fixed 
capital in processes.
The capital turnover time in an enterprise is comparable to the time of a unit of money deposited in a bank 
account in the period for which interest is calculated. The yield, i.e. the profit, on a monetary unit of capital 
in process should be proportional to the capital turnover time, just as the interest at the bank is propor-
tional to the time of the deposit. 
When the pricing calculates profit in proportion to product costs, the turnover time of capital is ignored. 
This is because, apart from PPROI, there is no information on the turnover time of capital in the processes 
for individual products. The implications are the same as if interest in a bank was determined on the unit 
of money in the account at the point of interest calculation, regardless of the length of time the money 
is in the account, which is obviously absurd. The ROI value itself should generally not depend on the tur-
nover time of capital, just as the bank interest rate is not dependent on the time of deposits in individual 
accounts. The graph above characterizes the dependence of ROI values on the capital turnover time for 
our set of products.

 Calculation and meaning of capital turnover time and its impact on ROI 
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ROI values decrease with increasing capital turnover time, with some fluctuations. The highest ROI values are for type A products, which are formed by assembling 
purchased parts. In contrast, type B products, whose processes include component processing and assembly, have very low ROI values. The new PPROI information 
enables to solve also this cardinal problem.  

Processes per product types
A: Assembly of purchased components only
B: Component processing + assembly
C: Processing and sale of individual components 
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0. Why PPROI Pricing Products according to Target ROI. New Financial Assessment of Resources

ROI integrates price, costs and capital employed in a logical and mathematical order. 
The difference between price and costs, i.e. the profit as effect of the processes for the 
product, is contained in the numerator, the capital employed in the denominator of the 
ratio. When information on costs and capital employed in the processes by products 
exists, then the logically calculated price of the product follows from a modification of 
the equation 
ROI = (Price – Costs) / Capital employed         Price = Costs + Capital employed * ROI 
If there is to be no mutual advantage or disadvantage between products, the ROI value 
in pricing must be uniform for all products. And the desired level of ROI must be deci-
ded by the top management of the enterprise. Fluctuations in the actual price around 
the target value are permissible, but should be justified. 
In traditional calculations of product prices by percentage mark-ups on costs, the pro-
cess demands on capital employed are ignored, thus negating elementary financial 
logic and creating a series of intractable contradictions. Moreover, information on pro-
duct costs is distorted, so that there is no objective information support for pricing and 
price negotiations. The chaotic situation is exemplified by the various pricing calcula-
tors available on the Internet and the various pricing models requested by some cor-
porations not only of their enterprises but also of their suppliers. Each of these models 
leads to different result, and all are based on overhead surcharges to product costs. 
The costs and capital employed calculations in PPROI characterize the financial requi-
rements of products on specific resources, which is a basic assumption for the co-
rrectness of the calculated values.
Data in the table, listed by product number, contain the prices calculated by PPROI at 
an 8% ROI target and corresponding profits for each product. Following the informati-
on on actual prices, the required price increases for products whose actual ROI is less 
than 8% are indicated. This increase is also displayed in the graph.

 Costs, capital employed and ROI in product pricing

Conceptual change in product pricing is a necessary condition for rational man-
agement of the whole enterprise, but it does not imply a reduction in efforts to 
use the enterprise‘s resources most efficiently. On the contrary: The resource 
requirements of products and their processes need to be assessed not only in 
terms of costs but also in terms of capital employed, and PPROI makes this possi-
ble. With the current and steadily increasing role of machines in processes, this 
is urgent. The capital employed for products depends equally on the time the 

 Continuous efforts to reduce capital wastage in costs and capital employed for products,  
 while respecting the trade-off of both variables

machines are active in processes as on their idle time, which is often multiple. In 
order to minimize the demands of processes on the capital employed, particular 
care must be taken to the time utilization of machinery and equipment and the 
space utilization of buildings. Both will also reduce the product costs.
However, in a number of important contexts, lower-cost alternatives are associa-
ted with higher requirements on capital employed. For automation and robotics 
in manufacturing, this is predominantly true. Optimal trade-offs must be chosen, 
using the ROI of processes by product as an irreplaceable criterion.
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Managing the enterprise to its natural comprehensive objective, according to ROI, should be the absolute basis of 
managers‘ education. Since only the PPROI software allows this so far, we have developed a demonstration versi-
on of it for educational purposes, related to a fictitious enterprise and filled with input data that can be changed.  
The software should be used already for teaching in management schools, for several reasons.
1. Correct calculations of ROI values from entered data outside sophisticated software are impossible due to 
the complexity of calculations; traditional textbook examples (including oversimplified product cost calculations, 
which are  followed in practice) are unusable
2. Students will get acquainted with the software functionalities, the description of which alone is not sufficient for 
a full understanding of the  system features. At the same time they obtain an idea of the interrelation of parame-
ters of a real enterprise
3. Current IT allows demonstrations on individuals‘ laptops. All students present can thus in parallel acquire skills 
in operating the system
4. This form of learning is relevant to the present IT era and should be commonplace for young people
To such educated school leavers, traditional methods of enterprise management, without relevant information, 
will seem anachronistic when they enter practice and many will push for change. However, a demo version of 
PPROI is also available for training managers in practice, so waiting for „new blood“ is not necessary.

As PPROI moves management theory and practice in multiple directions into the realm of science, it is essential 
that its users have the necessary new understanding. These can be divided into two groups:
• Variables 
The most remarkable, without exaggeration revolutionary innovation is the introduction of two-dimensional, mo-
ney-time and quantity-time variables, by applying a definite integral. Without this, the enterprise is managed con-
trary to the basic financial principle and therefore incorrectly. The innovation is reflected in new units of measure. 
The ratios of one-dimensional to two-dimensional variables are also indispensable, which is the case for ROI (see 
the table header above). 
In general, it is necessary to understand the math properties of the values of variables depending on the definition 
of the enterprise and the duplication of enterprises‘ values in the supply chain. The traditional division of variables 
into stock and flow is too simplistic and partly false.
• Information structures and linkages
Enterprise information is fragmented in management theory according to different disciplines. Efforts to maximi-
ze or minimize the values of the respective variables lead to one-sided and contradictory solutions. In PPROI, the 
enterprise is viewed as an organism and the sub-variables are reflected in the enterprise value ROI. In the alterna-
tives with maximum enterprise value ROI, the values of the sub-variables are optimized.
The PPROI baseline information relates to products, resources, enterprise territories and process phases. Classifi-
cation is widely used for optimal data processing. Main groups of information and their links are given in the PPROI 
architecture diagram. This allows users to be oriented in the logic of the whole system.

 Reasons for management education through software

 Necessary knowledge prerequisites
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0. Why PPROI Teaching Enterprise Management by ROI via PPROI Demo
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1. PPROI Devel. Setting the Borderline of Science: Respect for the Laws of Nature 

The role of science is to discover, describe and exploit the laws of nature. These 
laws are traditionally understood as the laws of physics. Lord Kelvin even identi-
fi ed science with physics and pejoratively referred to everything else as „stamp 
collecting.“ But not all of Kelvin‘s claims have been proven correct, even within 
physics. And the science reaches beyond physics. Natural laws include the laws 
of economics, such as the law of supply and demand. The basic law of econo-

mics, expressed in the present terms as „maximizing return on investment“, 
was naturally born in the connection with the birth of money. The borderline 
of science in enterprise management is therefore respect for both physical and 
economic laws. If the laws of physics are not respected, the results of any work 
are not functional. Solutions that do not respect the laws of economics can be 
functional, but  they generate unnecessary fi nancial losses.

The so-called scientifi c enterprise management, which was developed in the fi rst decades of the 20th century, and the rela-
ted contemporary ERP, do not respect either physical or economic laws. Physical processes are necessarily performed in con-
tradiction with the ERP control information, among other things, for the unfeasibility of the MRP plan, the fi nancial objective 
of the enterprise is completely ignored in ERP. Enterprise management is therefore outside the realm of science; in fact, this 
is a pre-scientifi c management.
Respect for the laws of physics and economics as a basic requirement in the development of PPROI is therefore a clear and 
unambiguous borderline that separates it from ERP. However, the realization of this requirement involved a tremendous 
amount of work in solving specifi c enterprise management problems that, prior to PPROI, were not only unresolved, but 
some were not even formulated and perceived.

 The key diff erence between PPROI and ERP in terms of science

 The crucial task of scientifi c enterprise management: Make the enterprise an organism, managed by its objective
It is known from optimization theory and practice that the evaluation of a gi-
ven situation and its alternatives depends on the variable used as an evaluati-

on criterion. In the previous section of this document, 
we paid attention to situations evaluated diff erently 
according to costs and ROI in processes for specifi c 
product and we criticized the evaluation of diff erent 
products according to cost effi  ciency or profi tability, 
as it ignores the capital turnover time. We also drew 
attention to the diff erent evaluation criteria with which 

diff erent partial management theories are associated and to the confl icts of the-
se theories.
The enterprise has the attributes of an organism., „a living, self-sustaining sys-
tem determined by the properties and relations of its individual parts and by 
the relationships of the parts to the whole“. All elements of an enterprise are 
in relationships refl ected in a ROI of the enterprise as comprehensive variable. 
This is valid in general, regardless of the management of the enterprise. Howe-
ver, unlike biological organisms, the specifi c elements of an enterprise are not 
primarily given by nature, they are determined by people which thus implicitly 
determine the ROI value of the enterprise. If people do not have an information 

system that projects the consequences of their decisions into the ROI value, ROI 
cannot be a criterion for evaluation and decision-making, the enterprise is man-
aged according to partial, contradictory and misleading criteria, actual ROI values 
are far below achievable values, the enterprise wastes capital and suff ers; the 
basic economic law is ignored, true scientifi c management of the enterprise is 
impossible. A crucial task in the development of PPROI, therefore, was to create 
an information system that enables the management of the enterprise organism 
by its objective.
This requires fully and accurately describing the elementary parameters of 
enterprise products, processes, and resources and projecting them by mathe-
matical functions into costs, capital employed and ROI in processes by product 
and consequently into the ROI of the enterprise. It is therefore necessary to ad-
dress the chronic problem of distortion of product costs by traditional costing 
methods and, in addition, the problem of calculating capital employed in proce-
sses by product, which had not been expressed at all before PPROI. And because 
processes for diff erent products share partly or even fully the same resources, 
the fi nancial parameters of processes for diff erent products must be calculated 
in mutual linkages. This just refl ects the characteristics of the enterprise as an 
organism. Nothing is isolated.

ERP

PPROI Scientific
management

Pre-scientific
management
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1. PPROI Devel. Formulation of the basic concept of the System and the term „PPROI“ 

For the successful development of any breakthrough system, it is essential to determine its correct concept. The 
next steps are limited by this concept and should technically implement it. Technical solutions can be customized, 
but the basic concept should have universal validity. Therefore, when we started the development of PPROI, we 
paid great attention to a concise and unambiguous formulation of the basic concept of the system and, after dis-
cussions, defi ned it as „Aligning products, processes and resources to maximize ROI“. 
This characterizes the objective of the enterprise and the means that lead to it, while also expressing the need to 
align the means. Enterprise ROI value is generated by transforming resources into products through processes, 
while it is infl uenced by the characteristics and structure of products, the scope and types of processes through 
which products are created, and the structure of resources used in the selected types of processes. Products, pro-
cesses and resources must be aligned in a way that results in maximum enterprise ROI value.
This logical and seemingly self-evident concept of enterprise management was not applied prior to PPROI and pro-
bably not even mentioned. 

The basic concept of the system we have refl ected in its name, logo and in the names of the fi rms involved in the 
development and application of the system. The eff ort to express the content of the system already in its name 
responds to the same eff ort in the case of ERP, the abbreviation of the name Enterprise Resource Planning. Unlike 
PPROI, this name does not include a planning objective, and of the planning entities, products and processes are 
missing. Although the name of the system usually cannot fully express its content, the reality is that ERPs have no 
link to ROI at all, i.e. they entirely ignore the enterprise objective. And in describing, standardizing and planning 
manufacturing processes by product, the biggest weakness of ERP is paradoxically the lack of information about 
the enterprise resources related to the processes. This is the main reason why it is not possible to correctly quantify 
the cost of products through ERP. And the information about resources, representing fi xed capital in processes, is 
completely missing in ERP.

 Linking the enterprise objective and the means to achieve it

 Basic economic law and its application to the enterprise
We have stated that maximizing ROI is a basic economic law and that this law is 
associated with the birth of money. Since these statements are not usual, we will 
briefl y explain them. Striving for the maximum return on invested money is the 
primary interest of every investor and the main driver of the economic develop-
ment of all society. Therefore, it is a basic law of economics. This law has been 
naturally enforced in practice when lending money. The creditor demands from 
the borrower a return (yield) proportional to the amount and time of the money 
lent based on the required return on the unit of measure of money borrowed 
for a period of 1 year. In order to cover the debt, the borrower must increase the 
amount of money by the return for the creditor and in the interest of the benefi t 
of the loan for himself also by the additional yield. This can be achieved by inves-
ting money into processes that generate revenue from products manufactured 

or from traded goods, logistics and other services. The borrower must therefore 
strive for a maximum return on his investment into particular processes. The law 
should also be respected by investors using their own property for economic ac-
tivity. If not, the return on invested property is lower than possible and the value 
of the investor‘s wealth grows more slowly than it could, if it grows at all.
For an enterprise as a standard organizational unit of business, maximizing ROI 
is its permanent main mission, on the fulfi llment of which the development and 
in the long run the very existence of the enterprise depends. Because an in-
dustrial enterprise typically produces a broader portfolio of products, through a 
variety of processes, and uses a wide range of resources, a major challenge for 
enterprise managers is to select, innovate, and align products, processes, and 
resources in a way that maximizes ROI.  

Products

ResourcesProcesses

ROI
MAX
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1. PPROI Devel. ROI as a Measure of Capital Reproduction within Enterprise 

Capital in
Money

Capital in
Physical

Resources

Capital in
Products

Increase
of Capital

Rate of Capital
Reproduction

Integral States
of Capital

Created
Capital

Consumed
Capital

Profit
Capital Employed

Prices of Products–Costs 
Capital Employed

ROI =        =

The term „capital“ is very suitable already for expressing the content of basic financial variables 
and their ratios. As shown in the schematic explanation of the variables in the ROI equation, ROI is 
appropriate to interpret as a rate of capital reproduction which is a function of the created, consu-
med and employed capital, where „capital employed“ means the integral states (stocks) of capital in 
a certain period that are measured by a definite integral. 
The values of these variables refer to the processes for the portfolio of products produced in a par-
ticular enterprise in a certain planned or past period. The prices and costs of the products determi-
ne whether the reproduction of capital is extended or narrowed. They have also crucial importance 
for cash flow of industrial enterprises, although there are significant time differences between the 
occurrence of costs and prices of products in comparison with cash expenditures and incomes.

To express the potential that enterprise has at a certain moment and to characterize the things that during a certain period within enterprise circulate 
and change the quantity and form, the most appropriate common term is „capital“. This term occurs in economic and management theories in various 
contexts and specifications, e.g.: capital employed, operating capital, fixed capital, capital turnover. The use of the term capital significantly facilitates 
the clarification of the content and the benefits of PPROI.

The ROI formula can be perceived as an application of the formula of the rate of reproduction of biological organisms, defined by states, numbers of 
births and deaths of the species in a certain space and time. And the ratio of the integral states of capital to the consumed capital (costs) in the enterpri-
se in a period, expressing the time of capital turnover, is analogous to the ratio of the number of existing to the number of deceased individuals, which 
expresses the average length of life of the species. In both contexts, reproduction is continuous. But capital reproduction also has specific features.

   Financial variables as parameters of capital

 Continuous reproduction of capital and changes of its forms

In industrial enterprises, capital circulates between forms of money, physical resources and produ-
cts. When acquiring physical items, capital in the form of money changes into the form of resources. 
This form of capital is transformed into the form of products through processes. Capital consumed 
in resources is transmitted to the cost of products. When selling products, the newly created capital 
expressed in the product prices returns to the form of money. 
PPROI deals with the capital reproduction from the moment of the conversion of money into the 
form of resources, to the moment of the conversion of capital from the form of products into the 
form of money, where capital exists in physical forms. 
The amount of corresponding states of capital in money form is minor and is a part of the of the 
overall enterprise money in the accounts to which correspond specific money revenues.
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1. PPROI Devel. Management of Enterprise ROI through Processes by Products 

Processes of industrial enterprises are traditionally described, planned and ove-
ral managed according to products. This makes sense, as these processes of-
ten differ fundamentally in content and scope; they involve different processing 
operations, different resource structures within operations, and other different 
physical attributes. The prices of products and used resources also differ. The-

refore, the ROI values in the processes for individual products also differ. The 
enterprise ROI value is a weighted arithmetic average of the ROI values in the 
processes defined for individual products, where the weights are the values of 
capital employed (further we use the abbreviation CE) in particular processes. 
CE for a certain product is determined by CE for a unit of the product and by 
quantity of the product. The average can be expressed through shares of CE in 
processes by products.

Enterprise ROI

ROI 1
In Processes
for Product 1

Capital Employed 1
Share in Processes

for Product 1

ROI N
In Processes

for Product N

Capital Employed N
Share in Processes

for Product N* *+...+

where
ROIe  is ROI of an enterprise
ROIi  is ROI of processes for the i-th product
CEe  is Capital Employed in the enterprise
CEi  is CE in processes for the i-th product

In order to maximize the enterprise value of ROI, it is necessary to strive for maximum ROI in the processes for individual products and structuring CE in favor of pro-
ducts with above-average ROI values. So, the processes defined for individual products should be treated as in-house investment areas. The impact of the different 
structure of employed capital on the enterprise‘s ROI value is illustrated in the tables. 

With the same ROI values in the processes for the 
individual products in both tables, the enterprise 
ROI value is significantly higher in the first table be-
cause there is much higher CE share in the proce-
sses for product B, which have a higher ROI value 
than the processes for product A.

The values of ROI and CE in the processes for individual products are influenced 
by the same resources acting directly in the respective processes, or indirectly 
supporting these processes. E.g. processing operations on BOM parts for dif-
ferent final products are often carried out at the same work center and by the 
same machine. Higher time utilization of the respective machine resulting from 

increased demand, reduces both CE  and costs and increases ROI in processes 
for all products for which the work center and machine is relevant. Or reducing 
the cost of CEO territory reduces costs and increases the ROI value of all produ-
cts. The right information system must dynamically reflect these relationships, 
and so it is in PPROI.

Processes      ROI CE Share     ROI*  CE Share

Product A      0,05 0,20  0,01

Product B      0,075 0,80  0,06

Enterprise     0,070 1

Processes      ROI CE Share     ROI*  CE Share

Product A      0,05 0,80  0,04

Product B      0,075 0,20  0,015

Enterprise     0,055 1

 Processes by products as in-house investment areas

 Impact of shared resources on processes for different products
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1. PPROI Devel. Building PPROI Software from Scratch 

The requirement to manage the enterprise products, processes and resources 
and thus the enterprise as a whole in order to maximize ROI and so respect the 
basic economic law, resulted in a clear basic assignment for the creation of a ma-
nagement information system, presented on the previous page: the necessity of 
information on capital employed and ROI of processes by products. This crucial 
information is completely absent in ERP and is not considered not only in man-
agement accounting, but also in broader economic theory. So we were forced to 
solve the basic scientific assignment from scratch. We started the PPROI deve-

The development of PPROI systematically started in 2000, i.e. coincidentally on 
the threshold of the 3rd millennium, and took a long time. The main reason 
was the need for customization of the system. Although we aimed to minimize 
the number of PPROI modules by treating simple situations as special cases of 
complex situations, the physical processes differed so much in some enterpri-
ses that it was necessary to develop specific solutions.
E.g., while in HZP Prostejov, the lean production was reasonably carried out in 
a lot for lot system and individual springs were assembled on several specific 
lines, in Panasonic Plzen the production of TV sets was carried out in a make 

We have distinguished three overlapping phases in the 
PPROI development, shown in the figure on the left:
Logic             Mathematics. A primary step in the PPROI 
development was a thorough logical justification of all 
procedures, an emphasis on the precise definition of 
the terms used and the determination of their rela-
tionships. The application of mathematics alone is no 
guarantee of correct procedures, as is clear from many 
simplistic and misleading math models in management 
theory and practice. However, verbal-logical argumen-
tation must always be followed by its mathematical ex-
pression in the form of variables and their functions. Lo-
gic cannot be completely separated from mathematics, 
as already in the logical phase it is necessary to have a 
vision of the mathematical solvability of the issue. 

  

  

 Unambiguous basic assignment, no solution guidelines in theory

 Customization of the system and current upgrade of PPROI software

 Main steps in the PPROI development

lopment aware of the solvability of the assignment through a definite integral. 
However, this alone does not ensure the correct calculation of the capital em-
ployed in specific processes. To achieve the correct ROI values, it is also necessa-
ry to solve the chronic problem of distortion of product costs by their traditional 
calculations. In order to correctly calculate both capital employed and costs in 
the processes by product, we have used conceptually new identical approach, 
because capital employed and costs are generated by the same resources, albeit 
in different ways and in different units of measure.  

Mathematics           Digitization. Logically justified mathe-
matical solutions are decisive for the unique properties of 
PPROI. The system of variables and their functions is structu-
red in a large number of related tables containing inputs, 
their successive processing and outputs relevant to users. 
Digitalization breathes the life into a comprehensive system 
of math formulas, the resulting software simulates the be-
havior of a real enterprise as an organism.
Programmers strive for optimal translation of math 
assignments into the IT language, in particular for easy data 
entry, fast processing and easy-to-understand reports. The 
correctness of their work is strictly controlled by logical tes-
ts of the results of the entered data. IT progress someti-
mes requires upgrades to informatics solutions, even if the 
mathematical assignments remain unchanged. 

to stock system and assembly of TVs was performed on many lines used with 
different priorities for different groups of TV sets. This required significantly 
different standardization and scheduling of assembly processes. The procedu-
res developed for enterprise-specific situations have been generalized and the 
respective modules are applicable to the same types of processes in different 
enterprises.
Upgrade of PPROI software, co-financed by the TA and the MIT of the Czech 
Republic, was aimed to mass deployment of the system into enterprise practice 
while reflecting the current IT.

1. Logic

2. Mathematics

3. Digitization

Steps to
PPROI Software
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1. PPROI Devel. Using Definite Integral to Measure Capital Employed and ROI 

To the uninitiated reader in enterprise information systems, it seems incredible that there is no information about capital employed 
in specifi c processes. Everyone in any industrial enterprise can see the processing operation of a certain part of product provided 
by the machine. The value of this machine and the product part itself represent two of many components of the CE, to which the 
fi nancial yield – product profi t should have corresponded. 
In our opinion, the basic reason for the absence of this essential information is clear. Measuring CE in a certain period requires 
the application of a defi nite integral and the expression of its value in moneytime units. However, neither information systems nor 
management theory contain this type of variable. CE and ROI in processes by products cannot be measured. In the management 
of the enterprise its objective goal is ignored, managers grope and manage the enterprise incorrectly in front of the closed gate of 
science. Resulting capital wastage is enormous though unknown and not perceived.

An understanding a defi nite integral is one of the 
foundations of managers‘ fi nancial literacy. Howe-
ver, as we have experienced, the very words „defi -
nite integral“ arouses resistance among managers, 
which grows with its notation as

It is perceived as high mathematics that is useless in 
economic practice. Therefore, we will explain here 
its meaningfulness and use.
A defi nite integral is generally defi ned as the area 
under the function y = f (x) and over the x-axis from 
point a to point b on that axis. In a standard exam-
ple, a function has the character of a continuous 
curve, but this may not be the case. It can be stra-
ight lines, which are constant and/or increasing 
and/or decreasing, and the values can also change 
abruptly.
The variable on the y-axis can be money, the vari-
able on the x-axis can be time, its boundary points 
a, b can be denoted as moments 1, 2 and a defi nite 

integral then denoted                        .

   The condition for the entry of enterprise management into the area of science

 Formula of a defi nite integral, its application in enterprise processes and in banks

„If you cannot measure what you are speaking about, then it is not science.“ Lord Kelvin 
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When measuring capital employed in enterprise 
physical processes 
• the variable on the horizontal axis is the process 
time; points 1 and 2 are the starting and ending mo-
ments of a certain process phase, either processing 
or logistical
• the variable on the horizontal axis is the monetary 
value of a particular physical item, such as a part of 
a BOM
• the variable characterizing CE by a defi nite integral 
is two-dimensional, expressed in moneytime units 
of measure.  
Units of time and money can vary, and their choice 
determines the capital employed units of measure, 
e.g., €, Year,    >€Year

The fi gure and table above characterize the conti-
nuous stocks of capital in money form on a specifi c 
bank account during the month of March. The area 
of defi nite integral from the beginning of March 1 
to the beginning of April 1, calculated when time is 
measured in days, is converted in time expressed in 
years. The account holder receives the yield on this 
CE according to the interest rate set by the bank. 
E.g., if the interest rate € / € Year = 0.05, then yield = 
456.99 * 0.05 = € 22.85.
Unlike the interest rate in a bank the ROI of enter-
prise processes according to products is not a priori 
given. However, basic presumption for its calculati-
on, i.e. measurement of CE, is solved.
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1. PPROI Devel. Costs and Profit-to-Cost Ratio as Misleading Management Criteria 

As the CE in processes by products and their ROI are not measured, process alternatives for a certain product are evaluated according to costs and diff erent produ-
cts are evaluated according to profi t-to-cost ratio, usually called cost effi  ciency (or by the profi t-to-price ratio, called profi tability). This means that the time of capital 
turnover is ignored and elementary fi nancial logic is denied. This is shocking and has tremendous negative consequences. But to fully clarify this situation and its con-
sequences in a broader context, it is fi rst necessary to defi ne the term „cost of the product“ resp. „product costs“ from a mathematical point of view. Since we have not 
found such a defi nition in any literature, we have dedicated this page to the issue and illustrate it in the image below. The crucial problem is the defi nition of the cost 
of product at point in time. Expecting a fi nancial yield from instantaneous monetary value is senseless in general. 
The functions outline the development of costs in processes for two products. For product 1 by the red line, for product 2 by the blue line. Instantaneous values on 
the vertical lines during processes express the inputs of purchased materials in monetary form, ie., direct material costs. Other costs increase linearly during the pro-

 Product costs from a mathematical point of view and their incorrect use

Let‘s go back to the example on page 1-6 and assume that the account holder 
opened an account and deposited the fi rst money on it on 22.3. in the amount 
of € 5200. This deposit did not change until the end of March. The account hol-
der on April 1.4. demands interest according to interest rate for the all month 

 Analogy of the required interest from the instant stock of money in a bank account

cesses, but at some points of time the slopes of the straight line, ie., the growth rates, change. 
These are points of time when resources in processes change. For the slope of the straight line 
within a certain phase, the cost increase generated by each resource per unit of time, usually 
per minute, is decisive. E.g. at a certain phase of processing the part of BOM, a specifi c machi-
ne generates the cost of electricity, which drives the machine; these costs are determined by 
electricity consumption per minute and electricity price. Another cost generated by the machi-
ne is depreciation resulting from the machine price, its lifetime in minutes and time utilization. 
These two types of costs per minute are diff erent, ie. have diff erent slopes of the straight line. 
Other costs within a phase may include the cost of a particular drill, determined by the drill life 
until blunt, the number of sharpenings, the price of the drill, and the cost of sharpening. If wor-
kers operate in the phase, the costs they generate per minute are determined by the number 
of operators in the phase, total annual labor costs payed by an enterprise, the number of wor-
king minutes per year and the time utilization of operators. The slopes of the straight line for a 
respective phase is the sum of slopes of the straight line defi ned for all resources in the phase. 
By multiplying this fi nal slope of the straight line by the time of respective process phase, the 
costs during process phase arise. These connect on the fi nal previous value of the function. 

of March corresponding to the amount of money in the account on March 31 
at 24:00. This person should be considered a fi nancialy ignorant. However, in 
the management of enterprise products and processes, this absurd thinking, 
assessment and decision making is normal. 

The latest values of both functions in picture express the cost of each product. These are defi ned at the moment of product sale. Areas under individual functions are 
defi nite integrals characterizing CE in inventories. The cost of product 1 is higher than the cost of product 2, the opposite is true of CE. The reason is a signifi cantly larger 
scope of processes within the respective enterprise for product 2. Processes for product 2 probably also requires much higher demands on machinery and equipment 
and building spaces, ie., much higher fi xed CE. Thus, it can be realistically assumed that the total CE for product 2 is about three times higher than for product 1. A triple 
yield should correspond to this. However, because product 1 has higher costs, the standard product pricing through a percentage profi t mark-up on costs sets a higher 
absolute profi t for it. This is absurd, but managers have no alternative, as there is no information on CE.

Costs

Process
time

Cost of
Product 1

Cost of
Product 2
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1. PPROI Devel. Values of Financial Variables from Supply Chain Point of View 

Clarifying the concept of product costs as a value defined at a certain point in 
time and the possibility of lower costs for a certain product with significantly 
more extensive processes compared to another product, which the picture on 
the previous page demonstrates, likely surprised the vast majority of readers. 
This is all the more so as it revealed the absurdity of traditional product pricing. 
The mathematical properties of values of financial variables must be understood 
not only in terms of one enterprise but also in their links with values in upstream 
enterprises within the supply chain. This page is devoted to this issue. Primary, 

 Financial variables as parameters of capital however, is the definition of terms from content point of view. If, for example, 
the ratio of CE to costs expresses the time of capital turnover, then costs must 
also be an attribute of capital. It is true and the same is true for all financial va-
riables. Costs may and should be defined as consumed capital, product price as 
created capital, profit as increased capital, and 
ROI as a rate of capital reproduction. However, 
the values of these variables relate to a particu-
lar enterprise or other type of firm selling pro-
ducts. The data in the table may be relevant for 
products 1 and 2 on the previous page.

There is a general notion that costs are a measure of resource consumption and therefore „the lower the product costs, the better for the enterprise and society“. But this 
is a false axiom which we will quickly refute using the following example. With the constant physical processes and resources outlined in the figure, the cost of the enterprise 

 Dependence of product costs on the inter-firm supply chain

product, as an output of assembly 
line, increases, the smaller the sco-
pe of the processes within the re-
spective enterprise. The product 
has the lowest costs when all pro-
cessing operations and assembly as 
well as transport between the plant 
producing the parts and the remo-
te plant dealing with their assembly 
take place within one enterprise.  

In traditional price formation, enterprise profits grow as the share of purchased parts grows. In the table 
above, when the product, an output of the assembly, is produced in a chain of enterprises A and B, these 
enterprises together have a profit of 20 + 27 = 47. When the product is produced within one enterprise, ie 
enterprise C, its profit is only 275-250 = 25. But in our example, there is no reason for that to be. In both ca-
ses, the production requires the same machines and other resources, which are located in either one or two 
enterprises. With logical calculation of product prices according to CE and the required same ROI value, the 
price of the final product and the sum of profits are same in both alternatives. See table on the right.

 CE, profit and ROI values within the supply chain
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If the processes for part 1 and / or 2 and / or 3 take place in another enterprise and the enterprise in which 
the assembly takes place purchases these parts, the cost of the product is higher by the suppliers’ profits. 
And prices, formed by percentage mark-ups to costs according to the required cost efficiency. also rise. See 
table on the right.

Processing Assembly
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1. PPROI Devel. Enterprise Resources in terms of their Impact on Costs and CE 

Both costs and CE are generated by specifi c resources. However, 
the impact of individual components of resources on total costs 
and total CE is diff erent. This applies both at the enterprise-wide 
level and to processes defi ned by products. On the previous page, 
we clarifi ed that as the share of purchased material increases, the 
CE in the processes for a certain product decreases due to the re-
duction of the scope of processes for the product within the enter-
prise. But even within same process scope for a certain product, a 
diff erent resource structure can have opposite eff ect on costs and 
CE. This follows from the framework diagram of the relationship 
of the main types of resources to the costs and components of CE. 

 Structure of resources according to their impact on costs and CE components

In terms of the impact on costs, land is separated in 
the scheme from buildings, machinery and equip-
ment, because land does not generate depreciation. 
Of crucial importance is the fact that machines are 
among the resources with the greatest impact on fi -
xed capital and thus on the overall CE, and conver-
sely, people are among the resources with the least 
impact on CE. Therefore, if the fi nancial demands of 
products on resources are judged only on the basis 

Management accounting, among others, breaks down 
costs into variable and fi xed. Variable costs per pro-
duct are independent of its amount in a given period. 
Fixed costs are constant for the enterprise as a whole 
and for a certain product are indirectly dependent on 
its amount. However, this is true when only one pro-
duct is produced within the enterprise. With a wider 
product portfolio, the fi xed costs for a given product 
depend on the quantity and process scope of all pro-
ducts. 
Buildings, machines and equipment operating in di-
rect processes on products generate fi xed capital and 
fi xed costs linked to certain process phases, depen-
ding on the time of the phases and the time utilization 
of a particular resources. The time utilization of a cer-

 Calculation of fi xed capital and fi xed costs in processes by products 

Land
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Buildings
Machines &
Equipment
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Costs

Fixed
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As for CE
• Land, buildings, machinery and other equipment 
are projected into fi xed capital, which typically ac-
counts for the majority of the overall CE
• People and services are projected into current 
capital through costs; these resources do not in 
themselves constitute CE
• Purchased materials, whether direct or indirect, 
which are in inventories represent current capital 
per se; In addition, like other resources, they are 
refl ected in current capital through costs

of costs, machines are underestimated in comparison with people, because the 
demands of machines on CE are ignored. The situation is all the worse because 
traditional cost calculations do not contain information on the costs generated 
by the machines; so for automated and robotic production, these calculations 
are worthless overall.
An objective assessment of the overall fi nancial demands of processes on machi-
nes and people is currently extremely important when deciding on robotics. We 
comment on this issue in the Financial section on p. 2-14, where we deal with the 
fi nancial demands of people and machines in a broader context.

tain resource depends on the total number of diff erent parts that are processed by 
the resource during the monitored period and on the processing times of individual 
parts. PPROI automatically calculates this use and subsequently calculates the fi xed 
capital and fi xed costs generated by the resource at the time when this resource is 
used in the processes and the corresponding values when the resource is unused. 
The fi gure on the left illustrates both of these components of fi xed capital for a cer-
tain machine within a certain process phase. The same relation applies to depreciati-
on, which is  fi xed costs. For diff erent resources, the shares of fi xed capital and fi xed 
costs at the times of use and non-use of the resource diff er.
Resources in indirect territories generate costs and CE, which, with marginal excepti-
ons, are fi xed. In PPROI, these are relevantly allocated to items of direct process pha-
ses, the amount of which changes as the product portfolio changes. With the growth 
of the quantity and / or the process scope of products in the monitored period, these 
costs and CE for individual products decrease. Thus, the decrease occurs in a diff e-
rent way than in direct fi xed capital and direct fi xed costs.

€min in
process
time

€min in
unused
time

€ 

Process minutes

CE for the machine in
process phase
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1. PPROI Devel. Lean and Traditional Production according to ROI 

As mentioned in the Foreword to this document, one of the main reasons for the 
development of PPROI was the information support of lean manufacturing which 
we have implemented in industrial companies. Even this type of production is ne-
cessary to submit to the ROI criterion. If it is focused only on the usually empha-
sized inventory minimization, its implementation can be inefficient, leading to 
decreased ROI value, ie to waste. Inventories, like any other sub-variable, should 
be optimized, not minimized (see p. 0-11). We will explain the issue on this page 
with an example. Production operations on BOM parts in traditional production 
take place at isolated work centers, with independent setup and processing ti-
mes. Production lots of parts must therefore be transported between work cen-
ters and wait in queues. This requires logistics costs and CE in inventories and 
fixed capital in transport equipment and production hall space. Operators utili-
zation may be low due to their waiting for the machine to complete automatic 
processing. 
In lean production, work centers are laied out in lines according to the pro-
cess sequence of operations, there is a smooth flow of individual product parts 
between work centers, one operator can operate more work centers and with 
more operators in the line they can optimally divide the work. 
In the example, when the line is operated by one operator, the takt time is 1.5 
minutes, when the line is operated by two operators, the takt time is 1.2 minu-
tes. This is the shortest possible takt time determined by the bottleneck of the 
line, which is the machine at work center 3 for which the sum of the times for 
parts replacement and automatic processing = 1.2 minutes. Operators are not 
fully utilized. In both cases, however, labor productivity is much higher than in 
traditional production, where the time for one part, which the operators spend 
together in all work centers is 3.3 minutes. In lean production, the run time of 
the production lot is more than twice as short even when the line is operated 
by one operator. Both labor costs and CE in inventories are much lower than in 
traditional product processing. If we add to these benefits the elimination of logi-
stics costs and CE of traditional production, the overall financial benefits of lean 

 Inventories and labor productivity versus utilization of machines
production are fascinating. The disadvantage, however, is the low time usage of 
some machines. While in traditional production the machine at work center 2 is 
bound for the same production lot for only 60 minutes, in lean production it is 
at least 360 minutes. If the same machine is missing elsewhere, the enterprise 
needs to have additional machines, ie., excessive fixed capital and depreciation. 
And if the processes for different parts have different sequences of operations, 
many little-used lines and thus machines can be created. Processes „lean“ in ter-
ms of current capital are „thick“ in terms of fixed capital. It is therefore necessary 
to optimize the number of production lines and work centers within the lines, 
while some separate work centers cannot be excluded. The evaluation and deci-
sion-making criterion must be ROI.

J. P. Womack and D.T. Jones in the book „Lean Thinking“ from 1996, documented 
the lead time of production of can for Coca Cola from mining raw material as 22 
weeks. In contrast, William A. Levinson quotes H. Ford in the book „Henry Ford‘s 
Lean Vision“ that their production cycle is about 81 hours from the extraction of 
raw materials to the shipment of the finished car. The basic problem of current 
production is the cutting of processes into many enterprises and extremely de-

 Lean production from supply chain point of view

Traditional production 

Lean production 

manding intercompany transport and storage. The supply chain is very fragile 
and negative consequences for the environment are high. And the applicabili-
ty of lean manufacturing in companies with few operations on produced parts 
is limited. The only way out of this undesirable situation is the reintegration of 
processes, which current technologies allow. We have encountered this in some 
current companies and we pay attention to it in the PPROI Demo.



1–11

1. PPROI Devel. Necessity and Methods of Determining the Correct Values of Variables 

On the previous two pages, we pointed out the serious negative consequences of 
the absence of information on CE and ROI in processes by products. These varia-
bles, irreplaceable for the proper management of the enterprise, are completely 
missing in management theory. Information on product costs exists, but due to 
over simplifi ed calculations, it dramatically distorts reality. For this reason, man-
agement accounting has even been labeled as  „the enemy of enterprise No. 1“. 
In this situation, the fi nancial management of the enterprise takes place in total 

One of the deep-rooted axioms is the following statement 
about economically optimal information: “Missing or inaccu-
rate information generates business management errors that 
increase objectively necessary business costs. But improving 
information, i.e. increasing its quantity and accuracy, requires 
increased costs of obtaining input data and their processing. 
Optimal is such information, where the sum of these two cost 
components associated with the information is minimal.” This 
axiom is even demonstrated by the type of graph on the left. 
Perhaps this axiom is one of the main reasons for the long-
-term stagnant poor state of enterprise information about its 
products, processes and resources.
The labor and fi nancial demands of obtaining complete, spe-
cifi c and accurate information are changing. Multiple reducti-
on of these demands compared to the past is made possible 

Traditional calculations of product costs in industrial enterprises are based on 
the principle of determining direct material costs according to the BOM and 
wages of operators at processing work centers and increase of these two compo-
nents by overhead surcharges. The procedures in determining surcharges vary. 
Excel is currently used for calculations. Managers of individual companies are 
convinced that their calculation procedures are the best and some companies 
require in the price negotiation from potential suppliers of components to prove 
their costs according to the buyer‘s calculation methodology. The supplier of the 

 Oversimplifi ed and misleading traditional calculations of product costs 

 Optimal management information at the present time

 The paradox of excessive simplifi cation: useless work
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information darkness, mismanagement and waste are permanent. The correct 
values need to be determined for all variables. The PPROI procedures used to co-
rrectly calculate costs and CE in  processes according to products are explained 
in Part 2 of this document, abbreviated as Financial. The conceptual approach 
outlined already on page 0-2 for calculating CE is also applied in calculating costs. 
However, the calculations of the values of these two types of variables also have 
specifi cs. 
ROI values in processes by products and enterprise ROI arise as a math function 
of values of costs and CE in processes by products and prices of products.

“Everything should be made as simple as possible, but no simpler.”  Albert Einstein

by current computer technology. Full and correct 
use of its potential, however, is conditioned by 
new structuring of information in terms of its con-
tent, new system of economic variables and their 
mathematical functions, designed to ensure maxi-
mum information outputs from a minimum of in-
puts. Mathematical prescriptions must be logically 
justifi ed and written in a form suitable for IT pro-
grammers. The correct implementation of math 
prescriptions into computer software must be tho-
roughly verifi ed. This is the case in PPROI, which has 
no parallel yet. In creating PPROI, we had in mind 
Einstein‘s recommendation to make it as simple as 
possible, but no simpler.

same product to diff erent customers has to perform other calculations for custo-
mers in addition to its own calculation method. The calculated values diff er and 
all are wrong. The reason is mathematically clear. Percentage surcharges only 
make sense in the case of a direct linear dependence of other cost components 
on direct material and / or direct wages. However, this is not the case with any 
of the other cost components. All the work involved in the calculations is wasted.
Oversimplifi cation breeds useless work with information also in other contexts. 
Current enterprises are overwhelmed by calculations of many people in Excel 
with little eff ects. 
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1. PPROI Devel. Basic structures of PPROI architecture 

In the fi rst phase of PPROI development, the basic groups of information 
in terms of content and their logical links were defi ned and expressed in 
the system architecture. As visible from the left diagram at fi rst glance, 
all the physical parameters of products, processes and resources speci-
fi ed according to enterprise territories are gradually projected into the 
fi nancial parameters of processes by products and fi nally into the enter-
prise ROI. The top arrows in pairs indicate feedback, the red arrows limit 
the requirements by production and suppliers‘ capacities.
After the conversion of content-defi ned terms and their logical relations 
into the means of mathematics, ie variables and their functions and sub-
sequently into the means of informatics, PPROI acts as a living system, 
an enterprise itself. 

Physical. The information in the Physical section characterizing enterpri-
se products, resources and processes from physical aspects in physical 
unites of measure diff ers from the same focused information in ERP in 
multiply aspects:
Scope: PPROI fully supports lean manufacturing and other progressive 
solutions beyond traditional production processes refl ected in the ERP. 
Content: PPROI contains a much larger quantity and higher quality of 
information than ERP in terms of completeness, detail and accuracy. 
Mathematics: Final output of the Physical section, the Execution Produ-
ction Plan, determining in real time what and where have to be done 
synchronizes processes on diff erent BOM parts is created by conditional 
functions and other means of mathematics never used in ERP. It thus 
replaces the oversimplifi ed and unfeasible MRP plan, for which ERPs are 
often criticized as a whole.  

Financial. The information in this section has no counterpart in ERP. 
New fi nancial data evaluates in detail existing physical solutions and al-
ternatives to their replacement in strategic decision making and conti-
nuous improvement. The enterprise’s ROI fulfi lls the role of comprehen-
sive criterion, navigating all managers and other people to optimal, most 
effi  cient physical solutions.

 Main groups of PPROI information and their links



1–13

1. PPROI Devel. Essential Problems of ERP and their Conceptual Solutions 

The fundamental weaknesses of management information, a substantial part of which we have described in the previous 
pages, are clearly provable in enterprise information systems, currently called Enterprise Resource Planning. This informa-
tion lacks key variables and existing information is fragmented, oversimplifi ed, outdated and therefore misleading. It has 
a very negative direct impact on the attributes of the enterprise itself. As mentioned in the foreword to this document, the 
problems of this information are long-term as even current ERP is based on procedures for the management of production 
processes, established more than 100 years ago within the so-called scientifi c management. In our opinion, the solution of 
essential problems of ERP is therefore possible only through conceptual changes of this historical basis of ERP. That‘s how 
we approached the development of PPROI. The problems are further divided into three groups, but these are intertwined.

Crucial ERP‘s fl aw is undoubtedly the complete absence of information on employed 
capital and ROI in processes by products. For this reason, ERPs cannot navigate en-
terprises to their objective. And product cost information is not only incomplete, but 
some cost components are even meaningless. Most ERPs contain as an attribute (va-
riable) for each work center the minute costs of the respective center. But there is 
no such thing, and if a user records a certain value for a certain work center, it is an 
unfeasible fi ction. Operations on diff erent BOM parts in a given work center usually 
have diff erent per-minute variable costs, and in addition, per-minute fi xed costs vary 
in a given center depending on the product portfolio during the period under review. 

The division of processing operations into microphases is also essential for the physical management of lean production. Within a given operation, 
there may be a number of consecutive microphases that diff er in resources and their activity. For example, a certain microphase is defi ned for the 
combination of an active handling  robot with a passive processing machine when removing and inserting parts from (into) the machine. Based on 
the information on microphases of operations, PPROI automatically calculates variant takt times of linked operations in production lines for diff e-
rent allowable numbers of operators while respecting bottlenecks. 
The processing operations described in ERP relate to the lots of the individual parts of the BOM. In practice, however, parallel or closely followed 
processing of diff erent parts of the BOM is increasingly common, which saves a number of setups and manipulations. PPROI information covers also 
these processes. Because in PPROI, a separate operation is considered a special case of linked operations and a operation on a separate BOM part 
is considered a special case of operations in which several diff erent BOM parts are processed in parallel, all possible combinations can be registered 
and standardized within one PPROI module.

ERP is most often criticized by experts and users for the unfeasibility of the MRP plan. 
Only eff orts to create so-called fi nite plans by eliminating work center overloading 
do not help. It is also necessary to ensure leveled demands on operators. However, 
this is only possible by leaving the very basis of MRP algorithms, ie., a priori setting of 

 The impact of the information system on the attributes of the enterprise and the roots of ERP problems

 Multiple enhancement of the scope and depth of ERP information  

 Beyond traditional production processes

 Leveled production plans

Proper cost calculations require information about resources and their times within 
operations. In ERP, however, the elementary process phase is the operation so the 
problem has no solution. The PPROI solution consists in the division of processing 
operations into microphases, recording resources and their times in each micropha-
se, separate records of costs that generate individual resources in their active and 
inactive time per time unit and following calculation of costs that individual resources 
generate in each microphase. 
PPROI also contains new information structures for the calculation of costs and CE 
generated by specifi c resources in the logistics phases of direct processes and in 
indirect territories.

constant lead times of production lots of BOM parts. Using unique algorithms, PPROI 
generates leveled plans in the long term outlook. Otherwise, material deliveries miss 
the real-time production needs. This is refl ected in the discrepancies between the 
production phases and between production and shipping requirements. This total 
permanent chaos signifi cantly reduces the ROI values.
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1. PPROI Devel. PPROI Rating by Its First User 

 Jan Fischer, then Prime Minister 
of the Czech Republic (right), 
congratulates Radek Páleník on 
the implementation of PPROI.

PPROI was first developed as a complete system 
at HZP Prostejov, a company producing leaf and 
coil springs for trucks and trains. Seemingly sim-
ple products include a wide range of processing 
operations from profile cutting through machi-
ning, various types of heat treatment and for-
ming, shot peening, painting, assembly up to de-
manding technical inspections. Individual spring 
sheets have partially different processes, in some 
lines they are processed in separate batches in 
other lines pieces of different parts are alterna-
ted. Describing these processes, creating time 
standards and production planning is challen-

 Official award for PPROI implementation in the company HZP Prostejov

ging, especially in lean manufacturing. The pro-
duction of coil springs involves completely diffe-
rent processes. 
The management of the company using PPROI 
software, including financial aspects, was su-
ccessful and was awarded the IT Project of the 
Year 2009 in the Czech Republic. The award was 
handed over to Ing. Radek Páleník, who during 
the project worked first as an IT specialist, then 
as production director and finally took over the 
position of finance director. Below we quote part 
of his evaluation of PPROI, which he provided for 
the first PPROI presentation document in 2010.     

When the company’s CEO and CFO, having completed Executive development program at the Prague 
University of Economics and Business, presented a proposal to our company’s managers to transform 
the enterprise into a lean firm according to ROI, including basic changes of the information system, I was 
the lone opponent. I have worked in IT for nearly 15 years. I myself programmed a substantial part of 
the information system, and so I had the opportunity to look deep into the nuts and bolts of ERP. A basic 
change of these traditional systems seemed impossible to me. As soon as they began working at our 
company, the staff of the CEPC consulting firm addressed the need to rework all process routings and 
replace all time standards as a necessary condition for introducing lean production. This involved over 
4,000 active product parts, over 70,000 operations, and more than 200,000 time standards on which our 
standardizers worked for dozens of years. 

 Appreciation of the system by its user

The absurdity of the target, in my eyes, only grew when addressing the 
requirement to break down operations into microphases and to set detailed 
parameters for each of them. To me, this meant millions of manual data 
entries into the IS and unimaginable demands to determine the correct data 
values. On the other hand, based on video recordings and analyses, the 
CEPC consultants documented for us how our standards are incorrect, and 
completely unusable for planning and managing lean manufacturing. So, I 
felt that we were in a trap – facing the need to solve a key problem, but in 
terms of the work required the problem could not be solved. Today all of us 
at the company know that the problem can be solved, very effectively, but 
not by procedures that are traditionally used. 

The description and standardization of processes in PPROI encompass sci-
ence – especially mathematics, in a way we had never heard of, had 
never thought about, had never dreamed of. Today I speak of PPROI as 
the harbinger of a new generation of information systems. PPROI’s charac-
teristics exceed all imaginable criteria. For the first time what the term, “in-
tegration of data,” was supposed to mean really dawned on me. The full 
interrelationship of information through mathematical functions in PPROI 
automatically projects the physical parameters and prices of individual re-
sources and products into the company’s ROI. It leads everyone, in all posi-
tions in the company, for affecting the ROI as best as he can. In ERP this is 
unimaginable.
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2. FINANCIAL Mathematical Attributes of Financial Variables on Enterprise Level

The immediate states of capital employed (CE) change mostly as a result of acquisition and scrap or sales of 
machinery and other equipment and due to fluctuations of inventories. These changes over standard calen-
dar periods are usually relatively small - within single-digit percentages. The moments of recording capital 
stocks are usually the beginnings of individual months and linear development is assumed between these 
successive moments. The length of each month is measured in calendar days. As the figure on the left illustra-
tes, the numerical value of the definite integral of employed capital in each month depends on the used units 
of money and time. Values calculated in €Days are converted into €Years. 
The values of the definite integrals calculated for successive time periods are addable. As seen in the table, 
the sum of the CE for the first three months is equal to the CE for the first quarter of the year. And the values 
of definite integrals in any time periods are usable in ratios with values of flow variables as is the case of ROI 
(see the table)

Flow variables are one-dimensional, in the case of financial variables measured in units of money. These va-
riables are functions of time and are graphically displayed by lines. In the graph, revenues are displayed by a 
solid black line, costs by a solid red line, profit by an intermittent black line. The values of the variables in the 
graph are displayed separately for each month. If characterizing the whole quarter, the values of all variables 
in the chart would grow continuously to final values in the quarter. The growth rate of each variable within the 
month in the graph is unchanged, daily fluctuations can not be captured in our graph. Values of flow variables 
at the end point of the period are interpreted as values defined for the period.

 Definite integrals of capital employed in standard calendar periods

While profitability is the ratio of two flow variables, ROI is the ratio of flow and 
stock variables. This fundamental difference in itself causes a completely diffe-
rent evaluation of the company‘s financial results by these ratios. In the example, 
profitability is unusually low, with ROI values being quite good. This may be the 
case in a situation where the enterprise only deals with the assembly of final pro-
ducts and buys all components. The time of capital turnover is short, and the re-
sult can be a favorable ROI value. Even at the enterprise level profitability is just 
one of the factors ROI, which may act in opposite directions. But these factors 
cannot be managed at the enterprise level because their enterprise values are 
the result of product, process, and resource management.

 Attributes of flow variables

 Ratios: Profitability and ROI
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2. FINANCIAL Introduction to Financial Variables in Processes by Products

Processes by products are monitored for BOM items related to individual final 
products, including processes on the final products themselves. These processes 
are divided into phases with different resources. Times of these phases and re-
sources within phases are registered. The system calculates costs and CE which 
individual resources generate from the input parameters of resources and times 
of process phases. All resources operating in these phases as well as the costs 
and CEs they generate are considered direct in relation to the relevant final pro-
ducts. The processes on the manufactured parts are partly processing, partly 
logistical. During the processing phases the manufactured parts change shapes 
and other physical properties, thus creating new products. Processes on purcha-

As illustrated in the figure below, costs are one of the two variables defining inte-
grals of CE in the BOM items for the respective product and in the final product 
itself. The second variable is process time.

 Basic principles and terminology

Individual areas are definite integrals of capital employed in BOM items for a 
physical unit of a particular final product and in the final product itself.
F10  is CE in the final product No.10 during its storage
P0  is CE in the final manufactured part p0, which upon completion becomes  
 the final product
P1, P2  are CEs in manufactured parts p1, p2, which are inputs of the final  
 manufactured part p0
M1.1  is CE in stored direct material m1.1, which is input of manufactured part p1
M2.1, M2.2, M2.3 are CEs in stored direct materials m2.1, m2.2, m2.3, which are inputs  
             of part p2

 Mathematical links between capital employed and costs

The states of employed capital in the initial moments of storage of individual 
direct materials are identical with the direct material cost of products. Linearly 
increasing states of employed capital in the picture from the initial to the final 
moments of individual definite integrals simply display the growth of process 

Capital employed in the final product and its BOM parts

Costs

Process
time

Product 
costs

M – Direct materials P – Produced BOM parts  F – Final product

P2

P1
P0 F10

M1.1

M2.3
M2.2
M2.1

sed materials and on finished products are exclusively logistical. PPROI procedu-
res are therefore fully applicable not only for the management of industrial, but 
also for the management of logistics companies in order to maximize ROI. 
The main groups of resources in direct processes per products are people, ma-
chines (incl. means of transport) and other equipment and parts of the buildings 
in which the processes take place. All these resources generate the cost of pro-
ducts, part of which is fixed, part variable. A separate component of direct produ-
cts costs is direct material. Machinery and equipment, buildings and land contain 
fixed capital. 
Costs and CE generated by resources in the administrative and other indirect 
territories of enterprise are also quantified. The values of these variables in the 
period considered are allocated to the direct process phases for products accor-
ding to the support of direct processes by indirect territories. 
The separately registered component of CE is current capital, contained in the 
BOM items and in the final product. Its value is linked to the development of the 
total cost of the product.

costs for the relevant items during their storage or manufacturing. The state of 
the capital at the final moment of storing the final product, i.e., when selling it to 
the customer, is identical to product costs.
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2. FINANCIAL Costs and CE in Traditional and Lean Production

The figure on the previous page shows the growth of costs and CE during the 
processes for the individual parts of the BOM and for the final product itself. 
Growth of costs for individual items is linear, but growth rates are different.  We 
have done this in order to give the reader the framework idea about the develop-
ment of costs and current capital for a certain final product. 
The actual development of costs during the processes on a specific part of the 
BOM has phases with different growth rates. In production planning, four pha-
ses are usually distinguished for each operation: Setup of a work center for the 
operation on the part, processing the part, transporting the part to the down-
stream work center, and waiting the part in the queue. The times are defined for 
the production lot of the part. The rate of cost growth per piece or other physical 
unit of a part is highest in the processing phase and lowest in the queue pha-
se. The time per piece is usually shortest in the setup phase and longest in the 
queue phase. While the setup time is in fractions of a minute, the queuing time 
is usually in the hundreds of minutes. Such different times cannot be accurately 
graphed even for a single operation on a certain part of the BOM. The capital em-
ployed in a part is by far highest the queue phase, lower in the transport phase, 
very small in the processing phase, and almost negligible in the setup phase. The 
individual phases are described on the following pages.

     A well-known problem is setting the lot size for 
individual parts of the BOM. The problem and its conceptual solution were first 
formulated in writing by Ford Harris in 1913. As the production lot increases, the 
setup cost per unit decreases, but the time and cost of the unit in inventory incre-
ase. The optimal lot, called the „economic order quantity - EOQ“, is when the sum 
of these two cost components is the minimum. But the fundamental problem is 
the definition and measurement of „the cost of inventory“. This usually means 
the so-called „cost of capital“. However, that‘s a confusion of terms. As has been 
explained, the costs and CE are two quite different variables that need to be 
measured separately. That applies in general, i.e. also to manufactured parts in 
inventory. This is clearly illustrated by the graphs below.

        Costs and CE in processes for a certain product are very 
different in traditional and lean manufacturing. Within these production types, 
however, there are different systems of organization of production processes 
with differently determined production lots. These systems are:
• Make to stock, where finished parts are stored in intermediate warehouses 
• Lot for lot, where only finished products are stored and gradually drawn from 
the warehouse
• Make to order, where lots of products are shipped to specific customers upon 
completion

It is said that one picture can say more than 1000 words. This is undoubtedly 
true in the case of graphs of a definite integral, for instance when comparing the 
financial parameters of traditional and lean production with the charts on the 
right. These charts relate to three operations on a certain part of the BOM and
• the solid line on the x-axis characterizes the sections in real time 
• the dotted line characterizes the sections whose real time is multiply longer
• the letter S is used for setup, P for processing, T for transport, Q for queue
The graphs simultaneously characterize the development of costs and CE during 
all three operations on the respective part and show almost three times lower CE 
in the process as well as significantly lower cost per part at the end of the process 
in lean manufacturing compared to traditional manufacturing.
However, these charts do not capture the fixed capital in the processes. The fo-
llowing page comments on this.

 Costs and CE in phases of an operation

 Differences between traditional and lean manufacturing 
 in graphic form

 Effect of production lot on costs and CE in inventory for  
 a unit of BOM part

 Dependence of costs and CE of products on the types of  
 processes
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2. FINANCIAL Fixed Capital in Processing Phases of Manufacturing Operationss

The central activities of industrial enterprises are the processing phases of pro-
duction operations, in which physical transformations of objects take place, from 
purchased materials to final products. Processing phase times are traditiona-
lly standardized. The key resources in these phases are people and production 
equipment esp. machines. Unlike people who do not materialize employed capi-
tal, machinery and other production equipment, together with buildings, form a 
crucial part of employed fixed capital. And the financial importance of machines 
continues to grow, not only in terms of capital employed, but also in terms of 
generation costs.

Managers of numerous companies internally value machines and other equip-
ment and sometimes also buildings in so called management prices, determine 
the economic life of items and then calculate their management depreciation. 
This is of great importance for ensuring the reproduction of fixed capital and per-
manently maintaining the competitiveness of the enterprise. The book prices of 
items registered in financial accounting usually underestimate the current value 
of items due to inflation and with a high degree of assets write-offs, depreciation 
does not ensure reproduction of capital. In such a situation, companies record 

 Influence of time utilization of machines on employed fixed    
 capital

As already explained at the company-wide level, the time of capital employed in 
a certain period is determined by the calendar time. This also applies to capital 
employed in machinery and equipment. When quantifying employed capital in a 
certain machine in processing operations, only a part of the total calendar time 
is captured. In its important part, the machine is unused depending on the work 
regime of the enterprise, ie number of shifts, and often is partly unused within 
work shifts. Capital employed in the machine at the time of operations must 
therefore be increased by capital employed at a time when the relevant machine 
is unused. This is illustrated by a graph of these two components of definite in-
tegrals of the employed capital with the corresponding data in the table. PPROI 
calculates this data in given period automatically.

In cases where a certain machine processes several pieces of a given part or different parts concurrently during the 
operation, PPROI assigns to individual parts the corresponding shares of capital employed in the machine. In the 
same way PPROI proceeds when quantifying fixed capital employed in jigs, robots and other equipment directly 
operating in processing operations, and when calculating the spatial requirements of workplaces.
If there are several identical devices, PPROI considers their numbers. If in a certain period some facilities are com-
pletely unused, PPROI allocates their employed capital on other facilities in the same territory. Capital employed 
in the processes by products should be, and in PPROI is, always identical with the total capital employed in the 
enterprise.

 Use of internal management prices, useful lives and depreciation of fixed capital items
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accounting profits and pay taxes on them, but do not generate money for the 
timely renewal of machinery and equipment that would allow them to remain 
competitive. PPROI enables the records of fixed capital items at management 
prices as well as the calculation of management depreciation of items. When 
calculating ROI, PPROI works with half the values of management prices, which 
reflects the employed capital that the relevant items have in the middle of life. In 
parallel, PPROI also calculates ROI from book values of items. Managers thus see 
the financial situation comprehensively.
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2. FINANCIAL Calculation of Processing Costs Generated by Machines

Production machines and equipment not only contain employed capital, but also 
generate costs. In automated and robotic manufacturing, this is a crucial part of 
direct process costs. Although it seems incredible today, information on these 
costs does not exist in ERP. Industrial companies do not know these primary 
causes of their financial results and, already for this reason, they cannot be ma-
naged properly. 
In PPROI, this necessary information is achieved by the unique architecture of 
the entire system that, compared to ERP, contain many new interlinked compu-
ter tables with many new variables and mathematical functions. Most of requi-

Costs generated by machines include both variable and fixed costs. The majority 
of cost components, which must be calculated separately, are variable. And most 
of them are incured when the machines are active, not during the entire operati-
on. These times are recorded for microphases of operations. 

 Entirely new financial information

The table shows an example of the most important components of 
the planned machine costs in the production of 1 piece of metal part 
of BOM that goes through the processes of machining and heat for-
ming. Data specified for linked operations in lean manufacturing are 
the sums of values defined for individual machines and equipment 
at work centers where operations take place. The cutting tools in the 
case described are drills.

Part of variable costs is related to the activities of the machines themselves. 
These are mainly the cost of electricity, gas or other propellants, lubricants and 
maintenance costs. The second group of variable costs is generated by physi-
cal resources, which directly act on the manufactured objects, create their sha-

 Variable and fixed costs 

The overall physical and financial management of cutting tools is enabled in PRROI by a specific mo-
dule used by people responsible for this kind of the company‘s activities. E.g., the cost of a certain 
drill per 1 minute of drilling takes into account not only the purchase price of the drill and the time 
until it is blunt, but also the number of sharpenings of the drill during its life and the price of one 
sharpening in specialized firm. 

pes and technical properties and connect  parts of product into more 
complex units. This includes, e.g., dies and molds, cutting and grinding 
tools, liquids, cleaning agents and technical gases. 
The most significant type of fixed cost is depreciation, which, like em-
ployed fixed capital, depends on the time utilization of the items in the 
period considered. 
The columns for standard components of both variable and fixed 
costs are preset in PPROI, the user can select those that are relevant 
to his/her enterprise and add others. 

red input data in enterprises exists, but they are scattered in different kinds of 
documents in a way that does not allow their processing. It is needed to record 
them into the PPROI, whose unique calculation procedures result in new and 
correct information on both costs and CE in processes by products. The basis 
for obtaining this financial information is a completely new description of pro-
cessing operations from a physical point of view. The operations are divided into 
microphases, in which the individual machines occur, and standard times are 
determined for the microphases.. This also applies to microphases of a manu-
al nature, provided by operators and to microphases in which combinations of 
resources operate. This information is also necessary for the physical planning 
and management of lean manufacturing. The issue is described in III. part of this 
document - Physical. Now we outline the structure of product costs generated 
by machines.
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2. FINANCIAL Direct Labor Costs in Processing Phase of Manufacturing Operations

The Industrial Revolution of the 18th century gave birth to a deep division of labor and 
the remuneration of workers according to number of manufactured pieces at specialized 

 Rewarding teamwork in lean manufacturing

The building blocks of this module of PPROI are variant process standards for different 
numbers of operators in individual production lines, electronic registration of groups of 
specific operators on lines in certain sections of working time, the number of parts proce-
ssed in these sections, and formula of dependence of operators‘ remuneration on mee-
ting relevant variants of process standards. PPROI automatically allocates group results 
to individual operators, and the next day everyone can see how much they have earned 
in the previous shift. This leads to rapid growth of labor productivity, the benefits of which 
are shared by operators through their higher wages with a company through its higher 
profit.
Cited appreciation of the system by the CEO of the automotive enterprise relates to the 
pilot project implemented in one production hall, which was to be applied throughout the 
enterprise. However, the project was stopped after 5 months when concern headquarters 
decided to implement in all its enterprises a unified ERP. The lean production in the enter-
prise thus lost any information support.
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In lean manufacturing, however, a particular operator serves 
different types of linked work centers, and the number of ope-
rators within a line may vary. As the time requirements for in-
dividual lines resulting from the production plan are different, 
in order to utilize the disposable time of operators some indi-
viduals need to work on multiple lines during a shift. The iso-

workplaces. Scientific management of the early 20th century followed this by optimizing 
and standardizing manual work based on motion studies and rewarding individuals ac-
cording to meeting time standards. Each operator reported its performance separately. 
Hourly wage rates varied for different types of work centers according to the complexity 
of the work. This is common so far.

lated work of individuals is replaced by teamwork.This places 
completely new demands not only on the standardization of 
work and production planning, but also on the remuneration of 
operators. Hourly wages do not solve the problem, as there is 
a lack of motivation on performance. PPROI for this progressive 
production contains an incentive pay system. 

In all the companies where we operated, we found that the calculated direct labor costs 
for the product portfolio in a given calendar year is tens of percent smaller than actual 
costs of the enterprise associated with direct production workers. There are two types of 

 Comprehensive calculation of direct labor costs of products

HRM department records in PPROI for each operator all the planned components of hourly costs that the company must 
incur. The first component is the basic wage in the production territory in which the operator operates. The following 
are other cost items that enter the gross wages of employees, e.g., bonuses for meeting standards, for multi-operational 
skills, holiday pay and sickness. Gross wages are increased by the percentage paid by the company for social insurance. 
The last group consists of costs of work clothes and protective equipment, meal allowances, and other non - wage expen-
ses that the company spends per particular worker. Sum of these values are divided by the coefficients of fulfilment of the 
time standards of labor, whose values are usually less than 1. The average of the total hourly costs per individual workers 
in a certain production territory determines the hourly labor costs in the relevant territory in the planned or previous 
period. These values change automatically in the planned periods when the basic components change.

„The PPROI information system has fully sup-
ported the introduction of lean manufactu-
ring in one of the production halls, and has 
ensured its comprehensive management, 
from the setting of detailed process stan-
dards, via the creation of execution sche-
dules, the interim records of reality in kiosks, 
daily reporting of fulfilment of schedule by 
teams and individuals to subsequent calcu-
lation of bonuses to operators. Our produ-
ctivity after half a year since PPROI imple-
mentations has increased by 27%.“

CEO, Enterprise of automotive industry 

causes: nonfulfillment of work standards and underestimation of hourly wage rates for 
individual types of work centers. In order to eliminate the second cause, which devalues 
any costing  of products, a module was introduced in PPROI that captures direct labor 
costs comprehensively and dynamically.
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2. FINANCIAL Costs and CE in Setup Phase of Processing Operations

 Content and significance of preparation of work centers and lines for processing operations
At the same work center, the same 
kind of processing operations are 
performed on different parts of 
the BOM, and sometimes more 
operations of the same kind on 
the same BOM part,  for example, 
drilling holes in metal objects. The 
work center must be prepared for 
the perfect course of processing. 
In the case of drilling, it is nece-
ssary to attach a jig into which the 

part is clamped to the plate and ensure that in the processing phase each individual part 
is quickly and accurately positioned to the jig so that drilling takes place at the desired 
location. Before that, the jig used for the previous part of the BOM must be removed. This 
can be simplified by using jigs that are adaptable to place and hold various parts of BOM. 
The process phase, called setup, is included among the non-value-adding because it does 
not change the properties of the produced parts. In some contexts, such as the replace-
ment of press dies, this phase was very time-consuming and costly. To minimize the time 
of this phase, an SMED system was created in the 1970s by Shigeo Shingo and marked as 
a revolution in manufacturing. The problem was then also reflected by the manufacturers 
of machines and tools. The setup phase has broader aspects and may relate only to the 
reorganization of workplaces, e.g., when changing BOM parts on assembly lines. 

The setup activity and its time refer to the production lot (batch) of the respective part. 
Setup time per piece (or other unit of measure) of BOM part is inversely proportional to 
the size of the production lot. The impact of the production lot on the employed capital 

 Calculation of costs and capital employed for the lot and unit of a certain BOM part
and costs of a certain operation on a certain BOM part in the setup phase separately and 
together with processing phase is illustrated in the table.

When the size of the production lot increases then both capital employed in used time 
and costs per unit of BOM part in the setup phase of an operation decrease in proportion 
to the decrease in time per unit. 
The effect of one minute of time per unit of BOM part in the setup phase and in the pro-
cessing phase is the same only in the case of employed capital. The costs of one minute in 
the processing phase is higher than in the setup phase. 
In the example, the cost of 1 minute of time in the setup phase = 0.15 * 2 = 0.30, while the 
cost of 1 minute of time in the processing phase = 0.47. This is because in the processing 
phase, machine variable costs (described on page 2-–5) arise, while in the setup phase 
only labor costs and fixed costs are incurred. From a certain production lot size, its further 
increase has a negligible effect on the total costs of the operation, which in the table 
illustrates the increase of the lot from 500 to 1000 pieces.

If we extract from the scrap due defects in processes (more on page 2–8), the lot  size of a certain part is the same for all operations on the respective part. However, if there are several 
identical machines at a given work center, it may be advantageous to split the lot into two or more machines. This is especially the case in lean production, if the processing time of a cer-
tain operation on one machine is too long compared to other operations in the line and significantly reduces the performance of the entire line. In proportion to the number of machines 
into which the lot is split, the costs and employed capital in the setup phase increase and is reflected in PPROI.
The procedure for calculating values of financial variables in the setup phase is the same as in the microphase of the processing phase of the operation, in which the operator operates 
a machine that is inactive as is usually the case of removing and inserting parts into the machine. The only difference is in the calculation of labor costs if the setup phase is provided by 
specialized adjusters, because the wage level of adjusters is usually higher than for operators and adjusters are paid per hour regardless of performance; so, their labor costs are fixed. 
PPROI therefore calculates the time utilization of the adjusters in the planned period and increases the costs calculated for the setup times by the costs incurred at the time when the 
adjusters are not utilized.
The setup phase of work centers in PPROI also includes the time during which the work center is preparing to go into standby mode; e.g., heating furnaces before the start of shifts. Its 
costs per unit of products produced can be very significant.
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2. FINANCIAL Financial Parameters of the Quality of Processing Operations

 Multilateral financial impacts of quality
The term quality is associated with the term defect. 
Quality inspection of finished products (pictured) 
deals with the detection of defective products, their 
separation from products without defects, for defec-
tive products by discarding unrepairable products 
(scrap) and for repairable products, identification of 
types of defects. It is also important to identify work 
centers where defects arose. Quality checks also 
take place within individual production operations. 
The activities of people providing the inspection and 

the control equipment generate costs, included in the theory into term „Cost of quality“. 
This also includes costs incurred in quality management department. However, the ba-
sic component of quality costs, which must be quantified primarily, are production costs 
generated by defects themselves. And these costs must be included in the direct produ-
ction costs of individual products. In PPROI, all the above activities related to quality are 
recorded separately and financially reflected in the direct or indirect costs of processes 
according to products. This also applies to employed capital. Indirect costs and CE related 
to the quality management department are allocated to processes by products according 
to the procedures outlined on page 2–10.

The basis of systematic quality management lies in the registration of defects and in the subsequent determination 
of defect standards in individual operations on parts of the BOM. In PPROI the defect standards in the setup and 
processing phases of individual operations are registered separately, both for defects repairable and non-repairable. 
These values are projected into the calculations of costs and CE of the planned products as well as into the physical 
production plans. 
The described procedure was developed in PPROI because ignoring defects leads to significant undervaluation of the 
true direct costs of products. Repairable defects draw on the capacities of workers and machinery and increase costs 
and CE compared to operations without defects because it is necessary to perform additional works for the operation 
in which the defect occurred. Non-repairable defects are much more serious as they lead to the scrapping of used 
materials and devaluation of the results of work in given and previous operations on the manufactured part and in 
all lower BOM parts. All costs and CE must be spent repeatedly from the beginning of the production. 
An example of PPROI procedure in calculating the direct production costs of a certain final product, respecting stan-
dards of non-reparable defects in individual operations on parts of the BOM for the relevant product in the tables 
links to the diagram of processes on manufactured parts P0, P1, P2 on page 2–2. Operations and their parameters are 
now additionally defined.
From the standard share of non-reparable defects in the processing phase of individual operations, the coefficients 
of increase in the number of operations are calculated in comparison with production without irreparable defects, in 
which the values = 1. In proportion to the values of these coefficients, it is necessary to increase the production lots 
of BOM parts in individual operations in order to finally create the planned production of final product. In proportion 
to the coefficients, the direct labor and variable machine costs also increase compared to defect-free production.  

 Projection of standard defects of operations into direct costs and CE in  
 processes by products

The costs of direct materials increase in proportion to the coefficients of increases in the first operations on parts P1, P2, as the 
materials enter these operations. The difference between the increased production costs due to non-reparable defects and the 
costs of defect-free production results in direct labor & machine costs of quality. These costs, in the example = 0.507 + 0.641 = 
1.148 €, mean an increase in costs by 4.07% compared to defect-free production and are very significant. Reducing the standard 
defects of production operations leads to a reduction of all other components of costs and CE related to quality and notably 
increases profit and ROI of the enterprise.
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2. FINANCIAL Cost and CE  of Logistics Processes by Products

 Specifics of logistics processes and the need for separate calculations of their financial parameters

 PPROI procedures in calculation of costs and employed capital in logistics processes by products 

The processes on the purchased direct mate-
rials for a given final product and on the finished 
product itself are exclusively logistics. They have 
the general characteristics of logistics processes 
in any warehouses. And even the manufactured 
parts, before the final product is completed, 
spend most of their time in logistics phases in 
production halls and potentially in intermedia-
te warehouses. During the logistics processes, 

items are handled, transported and stand in inventories. In ERP, these processes are 
completely ignored. In general, the costs of direct logistics processes are included in indi-
rect costs or into overheads derived from direct wages in processing operations or also 
from costs of direct materials. However, this is nonsense, because the monetary value 
of any item is not a factor of its logistics costs. The solution consists in the description 
of logistics processes for individual items and calculations of their costs and capital em-
ployed. We haven‘t found anything similar even outside of ERP. The PPROI procedures 
outlined below are original and applicable for the financial parameterization of logistics 
processes in general, not only in industrial companies.

Compared to processing operations logistics processes are simple and not demanding on 
machines and equipment. These are mainly forklifts and racks. Employed capital in these 
resources is relatively low, the machine costs only include depreciation, cost of electricity 
and maintenance. The objects for which the times and resources of the processes are 
primarily determined, and the financial parameters calculated, are transport lot (T lot) and 
„stock keeping unit“ (SKU), which is used in handling and storing of items. One SKU usually 

Labor and machine costs are calculated in the same way as in their calculations in pro-
cessing operations. Capital employed in machinery is also calculated in the same way. 
Space cost and CE in space per 1 piece of the product are calculated by the allocation 
method. The allocation key is the time that objects spend in processes. The fixed space 
costs in the evaluated period for the area intended for transports are multiplied by the 
ratio of the transport time of one T lot of a certain product to the sum of the times of all T 
lots of all products in the period. The result are space costs for one T lot of the respective 

The calculation of costs and em-
ployed capital for logistics proce-
sses on a certain final product in 
the finished goods warehouse is 
illustrated by the data in the tables. 
The first step is to determine the 
number of pieces in the SKU and 
the number of SKUs in the T lot.

contains more pieces or other units of measure of purchased materials, manufactured 
parts, and final products; one T lot usually contains more SKUs. In both cases the sessions 
can be one-to-one and in the case of products that the customer assembles himself, e.g., 
furniture, one piece of the final product contains more different SKUs. From the values 
of costs and employed capital calculated for the T lot and for the SKU the values for one 
piece or for another unit of measure of the relevant item are determined. 

product. Dividing this value by the number of pieces in one T lot results in space costs per 
piece. The cost per unit therefore depends on the portfolio of the products transported. 
As the number of transports increases, the cost per piece decrease.. The procedure is 
similar in calculations of space costs for handling and storing; in this case the cost of 1 
SKU is determined in the first step. Space CE is allocated in the same way as space costs. 
Capital employed in the product itself in inventories is calculated separately according to 
the cost of the product and its time in inventories.  
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2. FINANCIAL Indirect and Total Costs and CE in Processes by Products

 Truly indirect values of financial variables and their allocation on direct processes by product

 Definition, links and financial parameters of enterprise territories

 Allocation procedures 

In the previous four pages, we have outlined the proce-
dures of PPROI‘s calculations of costs and capital em-
ployed (CE) generated by individual resources in direct 
processes by product. The traditional restriction of di-
rect costs to direct material and direct wages, because 
information on other direct costs is lacking, is confusing 
and the inclusion of all other costs into several black bo-
xes of the overheads overshadows and distorts reality.  
The situation is even worse due ignoring CE. However, a 

significant part of the enterprise resources exists and generates costs outside the direct 
processes. These truly indirect costs, usually included in administrative overheads, are 
defined in the PPROI for specific resources, as in the case of direct costs. This also applies 
to CE. Subsequently, these values are appropriately allocated to items of direct processes 
and the sum of direct and indirect values results in total costs and CE for individual items. 
Follow-up aggregations of these values according to BOM result in the total costs and 
CE in processes by products. PPROI provides all calculations automatically according to 
internal math formulas.

The enterprise is divided into parts called territories. The territories in which direct processes by products take place are 
direct, other territories are indirect. The structuring of both types of territories is multilevel.
Direct territories main structure: (1) Material supply; (2) Manufacturing; (3) Sales. This structure corresponds to the 
sequence of already described phases of direct processes on direct materials, manufactured BOM parts and on finished 
products. These main territories are divided into sub-territories, such as „production centers“ within Manufacturing. 
Indirect territories are recorded from two aspects: Physical territories as registered parts of buildings, i.e., offices, commu-
nication, social and other delimited spaces. Their annual space costs and CE are determined by facility management prin-

Depending on the tightness of the relationship of indirect territories to direct processes, 
allocation proceeds in two ways:
(a) Application of the allocation pyramid is used first when the relationship of indi-
rect territory to direct processes takes place through other indirect territories. The values 
of costs and CE of the given territory are dissolved to values of lower territories up to 
territories closely related to direct processes. At the higher territory, the share of costs 
and CE devoted to the lower territory are determined by an expert estimate. The system 
increases values of both variables primarily registered for lower territories by allocated 
amounts (see the first diagram).
(b) Direct allocation is used when the indirect territory directly supports some phases of 
direct processes. As allocation keys are used the values of variables in direct processes, 
which are appropriate for characterizing these relations. E.g., when allocating costs and 
CE in the indirect territory „Operations Control“ focused on manufacturing processes in 
particular production centers, the values of the indirect territory are allocated only to 
operations on BOM parts realized within controlled production centers and the labor time 
of operations is used as an allocation key. This is illustrated by the arrows in the second 
diagram. A specific type of direct allocation is used when the indirect territory to direct 
processes has not a close relationship, but the application of an allocation pyramid is 
inappropriate.
Types of indirect territories, their relations to the phases of direct processes and allocati-
on keys are preset in PPROI.

PPROI calculations respond to any changes in input data in indirect territories as well as 
to changes in direct process standards and to the product portfolio in the period under 
review. The system also automatically recalculates the annual values defined for indirect 
territories for a shorter periods of the operational plan and then calculates the costs and 
CE for products in these periods.

ciples. PPROI contains tables with fields for the required 
records. Financial territories in principle reflect the orga-
nizational structure of the enterprise. For them, the an-
nual personal costs and costs of purchased materials and 
services are taken over from the budgets of the compa-
ny‘s departments; in PPROI they are structured and can 
be supplemented. Spatial financial parameters of finan-
cial territories are derived from the spatial parameters of 
physical territories and the number of employees of indi-
vidual financial territories with permanent workplaces in 
physical territories.  
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2. FINANCIAL Principal Change of Product Pricing 

 Before PPROI

 In PPROI     

When balancing costs and CE to maximize ROI we assumed the existence of product prices. However, these prices are not a priori given. In the first step, they are calculated by the perso-
nnel of enterprises in which the products are finalized and the subject of sale to cover the costs of products and ensure the required profit. This traditional procedure involves two types 
of problems: (1) The principle of determining the profit margin, (2) Different and generally incorrect calculations of product costs. PPROI solves both of these problems. 

The calculated product price is a result of the product cost and setting the target value of profit-to-cost ratio, i.e., cost efficiency. This formula clearly reflects the traditional thinking that 
the profit for a product should be proportional to its cost. We have previously commented on the incorrectness of this thinking and the contradictions to which it leads. Now we illustrate 
the contradictions of standard product pricing.

Assume a target value of the profit-to-cost ratio = 0.12. In table 1 which charac-
terizes the manufacturing of product B in the chain of enterprises 1 and 2, the 
calculated price of product B = 405. This price is much higher than the price of 
product B = 380,8 when it is manufactured in the enterprise 3, where item A does 
not exist as a product; here it is a semi-finished product (see table 2). The price 
difference = 405-388.8 = 24.2 is due to the calculation of the profit in enterprise 2 
from the value 201.6, which is the price of product A transferred from enterprise1 
to enterprise 2, where this value forms the part of direct material costs. The profit 
for item A is thus calculated twice, once from the costs of item A in enterprise 1 
and the second time from its price in enterprise 2, without any physical change 
of this item or for any other logical reason. These duplicate profit calculations do 
not occur in the manufacturing of item A in enterprise 3.

The pricing formula respects the basic financial principle, i.e., the proportionality 
of profit to the capital employed and arises by modifying the basic equation ROI 
= (Price - Cost) / CE. Product price in the pricing formula is determined by the pro-
duct cost, CE in the processes for the product and the target value of ROI. 
There are no duplicate profit calculations from the same value in supply chain of 
enterprises. Profit is calculated from CE, the values of which in various enterpri-
ses have no intersection, mathematically they are disjunct sets. In the example 
(table 3) there is no intersection between the values of CE = 100 in enterprises  
1 and 2. The calculated price of the product B = 364 is the same as its price if it is 
produced in the enterprise 3 (see table 4). 
However, this is so if the manufacturing the given product in supply chain of enter-
prises has the same requirements on resources as its manufacturing within one 
enterprise and if we abstract from the financial demands of transport between 
enterprises 1 and 2.

Basic formula: Product price = Product cost * (1 + (Profit / Cost) target

Table 1

Table 2

Table 3

Table 4

Basic formula: Product price = Product cost + Product CE * ROI target
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2. FINANCIAL Wider Aspects of Product Pricing 

 Growing chaos in product costing in connection with product pricing

 More on product pricing in PPROI

For product pricing, calculators are currently available 
free of charge on the Internet. The calculation is ba-
sed on the traditional principle, which we characteri-
zed on the previous page by the formula Product pri-
ce = Product cost * (1 + (Profit / Cost) target. The user 
enters the cost components and the required value 
of the profit to cost ratio and the calculator calcula-
tes the price online. The cost components are named 
unconventionally and differently in different calcula-
tors. The problem is the content and completeness of 
individual components of costs and especially the de-
termination of their values. E.g. in the calculator in the 
picture (Zibbet) one of the cost components is called 
„Costs associated with the use of equipment“. Howe-
ver, there is no prescription for calculating the value 
of this component, not only within the calculator, but 
also in management accounting, and this component 
of costs does not occur in ERP either. The complexity 
of the problem of determining the value of this cost 
component and its solution in PPROI we expressed 
in connection with the calculation of processing costs 
generated by machines (p.2–5). Thus, the simple price 

Pricing Formula
Calculatur
DOWNLOAD NOW >

F R E E
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calculators not only do not solve the problem of correct product pricing, but only further 
complicate the traditional problems of product costing. 
Different methods of product costing are multiplying and spreading in connection with 
pricing also in other contexts, inter alia in connection with price negotiations of enterpri-
ses in the supply chain. Due to unsatisfactory methods of cost calculations in the theory 
of management accounting and ERP, individual companies create their own calculation 
procedures using Excel. In large corporations, these procedures, originated in the cent-
ral financial controlling departments, are binding on all enterprises of given corporation 
and potential suppliers of these enterprises are often obliged to prove the costs of the 
products offered according to the prescribed calculation formulas by customers. As we 
have found out in practice, prescribed formulas by different corporations vary and lead 
to different costs of certain products. The correctness of the individual formulas is there-
fore mutually exclusive and sellers offering the same product to different customers are 
confused which cost calculation to believe. This is more so as their own cost calculation 
formulas lead to different results. 
Proving the costs of suppliers to potential buyers should serve to justify the required 
prices. In the price offers of different suppliers of the same product, suppliers with lower 
costs are preferred. And that is the main problem. As already explained, suppliers with 
higher cost of certain product may have significantly lower employed capital and higher 
ROI in the manufacturing of the product concerned and may therefore reasonably offer a 
lower price than suppliers with lower product costs. However, only a few people realized 
that before PPROI and no one could prove it. 

The accuracy of costs and CE calculations in PPROI is enabled by the completely new ba-
sic structures of the information system, new variables and their mathematical functions. 
As a significant part of the costs and the highly prevalent share of CE are fixed, the values 
of financial variables for the individual products depend on the product portfolio in the 
period considered. In PPROI, the portfolio of products in the annual plan is decisive for 
the product pricing. Nothing, however, is rigid. In order to continuously determine the 
prices of new products in the annual outlook, the period of the annual plan is rolling, and 
the actual parameters of products, processes and resources are projected into the cal-
culations. PPROI responds to continuous improvements and other changes. Sellers take 
advantage of this PPROI potential almost every day. The calculated prices are, of course, 
only indicative. If sellers believe that it is possible to increase them without jeopardizing 
the marketability of products, they are not limited from above. Significantly lower prices 

compared to those calculated for the target ROI value should be justified to the financial 
department. The positive effect on prices and the associated overall financial results of 
the enterprise has the financial motivation of sellers on the ratios of actual prices to the 
target prices.
In price negotiations with customers, they are always positively surprised by the precise 
cost calculations of products in PPROI, especially the machine cost for microphases of 
operations. This also inspires confidence in the need and accuracy of CE and ROI calcu-
lations for individual products, even if customers encounter these variables for the first 
time and ask for an explanation. Thus, the unique financial calculations of costs, CE and 
ROI according to products and the subsequent product pricing in PPROI usually not only 
do not create problems in price negotiations but, on the contrary, open the eyes of custo-
mers, which they appreciate.
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2. FINANCIAL Make-or-Buy Decision  

 Influence of interfirm cooperation on the values of financial variables and decisive role of ROI 

 Graphic illustration of the financial consequences of outsourcing

 Wider aspects of interfirm cooperation

Each business entity cooperates with some of others and the forms and intensity of co-
operation of different firms are different, changing and dependent on decisions made 
by people. Thus, the basic question of strategic decision-making expressed by the words 
„Make-or-Buy?“ is which activities an enterprise in creation of its product should provide 
by its own resources and what to buy from other enterprises, which is currently called 
outsourcing. The criterion for this decision should be the ROI of alternatives. The most 
important form of cooperation of industrial enterprises is sales and purchases of manu-
factured items in downstream enterprises in the supply chain, which we paid attention to 
on page 2–11. The examples were designed to clearly demonstrate the incorrectness of 

To graphically clarify an impact of outsourcing on CE and costs of given product, we follow the 
graph on page 2–2. Instead of manufacturing parts P1, P2, these are purchased and only P0 is 
manufactured within the assessed enterprise. In this case the CE in inventories of purchased 
materials M1.1, M2.1, M2.2, M2.3  and in originally manufactured parts P1, P2 does not exist. Instead, 
the CE is in inventories of parts P1, P2  which are the direct materials. This CE (not shown in the 
figure) must be calculated. The higher costs of the purchased parts compared to the costs of 
their own production are expressed in the figure by the dashed line from the start of production 
of part P0 to the dispatch of the final product F10. The area between this line and the original CE 
represents the increase of CE in part P0 and in the final product F10 due to outsourcing of parts 
P1, P2. The biggest financial savings of outsourcing (not shown in the figure) are in the elimina-
tion of fixed CE in machines, other production equipment and in the space of production halls 
used originally for the production of P1, P2 parts. So, the overall CE after outsourcing should drop 
dramatically. In contrast, the costs of the product, identical to the states of CE in the product F10 
when it is sold, are higher after outsourcing. These costs are characterized by abscissas on the 
right side of the figure.

Conflict between costs and CE exists not only when deciding between own production and 
purchase of parts of final products, but also in other forms of cooperation of enterprises. 
An example is the maintenance of machines either by the enterprise‘s own maintenance 
department or by external services. In internal maintenance, CE is necessary in the space, 
equipment and spare parts of the maintenance department, an external maintenance ge-

the traditional evaluation and pricing of products according to costs and cost efficiency 
(or profitability) and the rationality of the application of ROI. In the example on page 2–11, 
the ROI values for product B were the same in enterprises 2 and 3, even though enterpri-
se 2 bought item A from enterprise 1, while enterprise 3 manufactured item A in-house. 
The different values of costs and CE in the alternatives were fully compensated in the 
value of ROI. However, this is the situation when the alternatives have the same resource 
requirements. But this is generally not the case. In order to make the right Make-or-Buy 
decision, it is necessary to calculate costs, CE and consequently ROI of alternatives.

In general, however, a decrease in product costs due to outsourcing cannot be ruled out. The supplier can produce the relevant components much more efficiently compared to their 
manufacturing within the enterprise finalizing the product, among other things due to the economics of the scale of production of components and the better time utilization of expen-
sive machines. On the other hand, existing outsourcing can be too expensive, e.g., due to the transport costs of items between remote enterprises. Replacing outsourcing with in-house 
production, which we have seen in some companies, leads to a smooth processing flow, especially when applying lean manufacturing. But fixed CE is growing, and ROI must therefore 
be calculated in this context as well.

nerates only cost of bought services, usually higher than the cost of internal maintenance. 
Both types of maintenance mostly exist in manufacturing enterprises simultaneously. In 
PPROI they are registered separately and separately projected into costs, CE and ROI of 
processes by products.
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2. FINANCIAL People and / or Machines in Processes by Products; Robotize?  

 People and machines as complementary or alternative process drivers in PPROI 

 Influence of people and machines on financial variables 

 Robotization efficiency

Processing, logistics and also admini-
strative processes are driven by acti-
vities of people and / or machines (in 
the broad sense of the term machi-
ne). The relationship between peop-
le and machines in processes can be 
different. People and machines can 
work independently in certain phases 
of processes; this is the case of only 
manual work of people or automatic 

processing of objects and their handling of by machines. When people and machines 
ensure the process together, there are two alternatives: (1) Both people and machines 
are active e.g., in sewing clothes and transporting objects; (2) Active are only people and 

The financial de-
mands of processes 
both on people and 
on machines are re-
flected in costs and 
subsequently in CE in 
stocks of materials, 

manufactured parts and final products, i.e., the enterprise‘s current (working) CE. The 
value of machines in itself (unlike humans) represents employed fixed capital. If the infor-

The most advanced form of substituting human work with ma-
chines is robotization. The first step before deciding whether 
robotics pays off should be to make full utilization of people 
in manual work. We will therefore use the example of lean 
manufacturing from a book „Kanban; Just-in-Time at Toyota“. 
This classic from 1985 is relevant even today. In the example, 
one operator operates 9 machines in a line, where he removes 
parts after their automatic processing and clamps new ones. 
This exchange on 1 machine is on average 8 sec. Tact time of 
production derived from demand is 113 sec. In robotics would 

be needed for each automatic machine include a robot, i.e., a total of 9 robots. 
Assume the price of 1 robot is € 100,000 with a lifespan of 8 years. Then annual deprecia-
tion = € 12500. Next, assume 2 shift work schedule of 850 minutes per day on weekdays 

machines are in standby mode, which is e.g., the case of activities of people in the setup 
phase of the operation or inserting and clamping objects into machines before automatic 
processing and release and removal of objects after processing. At present, there is also 
a common phase in which two machines work together, one of which is active and the 
other passive; e.g., when robot inserts / removes object into / from processing machines. 
Each of these phases of processes has different financial consequences and it is there-
fore necessary to record people and specific machines in these phases and the time of 
each phase. This is the case in PPROI. In contrast, in ERP, only the total times of the setup 
and processing phases of individual operations and for them the number of people (or 
their times) are recorded. This disregard machines in enterprise IS we have already labe-
led in the Foreword to this document as the greatest paradox of our time. Getting the 
right financial information on enterprise resources, processes and products from ERP is 
therefore impossible. 

Machines

People

Fixed CE

Costs Current CE

mation system does not contain information on CE and the financial demands of the pro-
cesses on resources are measured only in terms of costs, the real impact of machines on 
the company‘s financial results is deeply undervalued. This applies both to the financial 
evaluation of the existing situation and to deciding whether and to what extent to replace 
people‘s work with machines. There is also a significant difference between people and 
machines in terms of cost generation. While people generate costs only in their working 
time machines generate fixed costs in the form of depreciation in calendar time. The low 
time utilization of machines and the variable costs generated by machines can often lead 
to higher total costs of a given process after human substitution by a machine than before 
substitution. An important factor of the economically optimal proportion between machi-
nes and people is also the level of wages.

of the year which are 250. Then the operating time of 1 robot per day is (8/113) * 850 = 
59.65 minutes and annually 59.65 * 250 = 14912 minutes. 1 minute operation of the robot 
therefore cost in depreciation 12500/14912 = € 0,838. One hour of robot operation costs 
€ 50.3. This is significantly more than the full hourly labor cost per operator in most coun-
tries of the world. So robotization can‘t pay off. This is all the more so as its costs would 
include, in addition to depreciation, the costs of energy and maintenance of the robot. 
The reason for the inefficiency of robotization in the example is the low time usage of the 
robot compared to the use of the operator. 1 robot replaces only 1/9 of the work of one 
operator. With much better ratio in favor of the robot, robotization can be effective. It is 
always necessary to make sure that robotics saves not only the work of operators, but 
also their number, i.e., does not lead to their lower time utilization. In PPROI, robotics of 
processes is automatically reflected in the ROI of the respective processes according to 
the products as well as in the ROI of the enterprise. 
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2. FINANCIAL Conflict Between Costs and CE and the Need to Apply ROI in General  

 Optimization of any types of physical solutions according to ROI

 PPROI version for hypothetical calculations 

 Trade-off free situations and continuous improvement

 Product portfolio

On the previous two pages, we paid attention to the main types of strategic decision-ma-
king in the enterprise: cooperation with other companies and the basic structure of resou-
rces in  enterprise processes. However, ROI is a criterion of alternatives in all other types 
of decision-making. This also applies to lean production where is the basic question which 
work centers to include in the individual lines. If the sequence of processes on the indivi-
dual parts of the BOM differs significantly, creating too long lines specific to different parts 
would lead to low machine time usage. Fixed capital and depreciation increase. Even with 

The value of an enterprise ROI is the result of the combined action of all its factors. The 
effect of a particular factor on the ROI value always depends on the specific configuration 
of the other factors. This fact must be respected by the information system if the calculati-
ons of ROI values are to be realistic. All variables must be integrated by mathematical fun-
ctions in one information system, so that the influence of the value of a certain variable is 
reflected in the enterprise value of ROI in relation to the values of other variables in the 
period under review. It has already been emphasized in the previous text that this is a ba-
sic conceptual feature of PPROI that behaves like a living system - an enterprise organism. 

The opposite evaluation of alternatives in terms of costs and CE, which occurs in the ba-
sic types of strategic decision-making commented in previous pages, may not occur in 
general. In continuous improvement, trade-off free situations usually occur, where the 
reduction of costs leads not only to a reduction in current capital, but also to a reduction 
in fixed capital in its active time. This applies, among other things, to shortening process 
times and defects in processing of BOM parts in ways that do not require investment in 

The quantity and structure of products in the assessed period has a fundamental influen-
ce on the values of ROI of the enterprise as well as on the values of ROI in processes for 

lower stocks of work in process and lower variable processing and logistics costs of pro-
duction, total employed capital and / or total production costs could increase. The first 
image illustrates the problem: When one machine is enough to supply two lines, should it 
work alone, or should two identical machines be included in the two lines? Another type 
of decision-making is the frequency of material deliveries: Variant 1 in the second figure 
leads to lower material stocks, but variant 2 is usually cheaper in terms of delivery costs. 
The decision between options should be determined by ROI value.

In order to evaluate alternatives according to ROI before managers decide to implement 
some of them, PPROI contains the hypothetical version with current data of which those 
that are the subject of the evaluated alternatives are entered as new and replace the 
corresponding existing data. Calculations of ROI values from partially new data take pla-
ce after they have been started by the user. Based on the resulting ROI values, the user 
selects the most effective alternatives and, when their practical implementation, records 
the relevant input data into the basic version of PPROI, which is binding for management.

production equipment. However, it can also be minor modifications of machines and 
production equipment, which lead to a reduction in the consumption of energy or tech-
nical gases, liquids and masses. These are reflected in the reduction of costs and CE of all 
products whose processes pass through the relevant equipment. Different types of sa-
vings in indirect territories are also significant. To objectively assess the financial benefits 
of improvement, it is useful to calculate new ROI values.

individual products. Even in this case may be important decision making between alter-
natives enabled by a hypothetical version of ROI.. 
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2. FINANCIAL Funding of Capital Employed; Receivables, Payables and Debts  

 ROI, receivables and payables

 Funding the operating capital by loans

When calculating ROI in processes for individual products, PPROI records the 
processes, their costs and CE from the moments of acquisition of direct materials 
for a certain product according to BOM until the moment of sale of the respec-
tive products. In the processes defined in this way, there is a real reproduction 
of capital, an increase in its value. CE in these processes is contained in physical 

The capital operating in certain enterprise can be (partially or even fully) funded 
by external subjects, inter alia by banks, which require a return on the funds 
provided to the enterprise. Whether and to what extent the operating capital is 
financed by debt has no influence on the key importance of maximizing the ROI 
in real processes by products and on the PPROI procedures described on the 
previous pages. However, attention must be paid to the size of loans and the dif-
ference between the ROI value in enterprise processes and the interest rate from 
the loan (marked further by the symbol p). The consequences of both are quanti-
fied by the formula Yield = Loan * (ROI – p), which expresses the enterprise yield 
from the processes realized thanks to the loan in comparison with the situation 
if the enterprise do not realize these processes. If the ROI < p, the debt-funded 
enterprise processes result in an absolute enterprise loss. 

objects. However, when calculating ROI values at company-wide level, receivab-
les are usually also included in CE. This was already the case of the original pyra-
mid of financial ratios designed by Donaldson Brown at Du Pont. The measure-
ment of CE in receivables for a certain product is not a problem in PPROI as it is  
a definite integral determined by the price of the product and the time of the 
receivables. In relation to the CE in the inventories of the product F10 and its costs 
in the chart on page 2–2, the receivables are expressed in the following figure.

Receivables of the seller enterprise represent in the buyer enterprise the direct material or other physical form 
of CE, from which the return is required. Thus, if receivables are included in the CE there are duplications (mathe-
matically the intersections) of the same financial values of CE in enterprises at the supply chain and the true ROI 
values are underestimated depending on the size of receivables. Receivables do not represent any real capital 
that can generate income; receivables in fact represent free funding of CE operating in the purchasing enterprise 
by the enterprise selling the product.

It is illogical to reflect receivables and ignore payables, as receivables from the point of view of selling enterprises 
are the payables from the point of view of buying enterprises. Every enterprise is both a seller and a buyer, and 
if it funds the operating CE of customers free of charge, its own operating CE, on the other hand, is funded free 
of charge by the suppliers in the amount of his payables. From a supra-enterprise point of view, receivables and 
payables compensate, so the changes in receivables resembles a zero-effect game in which some enterprises 
gain, others lose. For individual enterprises, the care of receivables and payables is important, but it should be 
separated from the management of real processes by products in order to maximize ROI.

The ROI values in the processes for individual products are also comparable with 
the interest rate on the loan. If the ROI values in processes for some products 
are significantly lower than the interest rate on the loan, it is necessary to assess 
whether it makes sense to produce such products at all. After the cancellation of 
processes for products with low ROI values, the need for part or even the entire 
loan decreases or eliminates and the financial yield of the enterprise can increa-
se. However, it is necessary to make decisions very carefully, because the mere 
abolition of some products increases the fixed and total costs of the remaining 
products, which also applies to CE. Therefore, the ROI values of all remaining 
products decrease. A correct assessment of the financial implications of these 
alternatives is only possible through PPROI, because apart from PPROI, there is 
no information on CE and ROI in the processes for individual products. PPROI is 
therefore indispensable even in this type of strategic decision-making. 

€

Time

Costs
Price

F₁₀ Receivables

1.

2.

Receivables are not included into CE in the PPROI for two logical reasons:
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2. FINANCIAL Case Study of the Hat Production Process

The practical application of a definite integral is further illustrated on the process 
phases in producing a hat. We hope that it will be well imaginable to any reader.

The processes related to the hat from the receipt of the basic material (skins) to 
the delivery of the hat to the customer are divided into 5 time sections of diffe-
rent lengths, 3 manufacturing and 2 storage. The states of employed capital at 
the beginning and at the end of i-th section, where i = 1,2,3,4,5, are denoted by 
the symbols i-1, i. 
Manufacturing consists of 3 phases, each of which includes many operations:

1. Separation of fur from leather  
    and processing of fur into  
    hat substance

2. Processing of hat substance  
    into hat body, including dyeing

Hat substance and hat body are either the products of the enterprise, i.e., items 
of sale or are further processed within the enterprise into higher items - hat sub-
stance into the hat body, hat body into the hat. Hat substance and hat body are 
after completion shipped or processed without storage.

States of Capital in the Women`s Pink Hat and in its BOM Items
within Processes of their Storage and Manufacturing

Storage
skins

Manufacturing
hat substance

Manufacturing
hat body

Manufacturing
hat

Storage
hat

Process
time

€

50

∫   f(t)dt1
0 ∫   f(t)dt2

1 ∫   f(t)dt3
2 ∫   f(t)dt4

3 ∫   f(t)dt5
4

f  (t)0,1

f  (t)1,2

f  (t)2,3

f  (t)3,4
f  (t)4,5

380 €Days =
1,04 €Year

528 €Days =
1,45 €Year

1022 €Days =
2,80 €Year

909 €Days =
2,49 €Year

1197 €Days =
3,28 €Year

3. Final shaping and decorating hat

The functions             characterize the development of capital states within BOM 
items during the individual phases. In the storage phases, the functions are con-
stant. Linearly increasing functions in the manufacturing phases simplify reality, 
because capital increases value within processing operations, and between them 
is constant. However, this cannot be shown in a small graph and the distortion of 
reality by linear function is minor. The jumps of capital states at the beginning of 
manufacturing phases display the values of materials (hardeners, dyes, ribbons 
etc.) purchased JIT for batches of produced items. 

Definite integrals                       in the first two phases characterize the stocks of ca-
pital in the quantities of skins and gradually emerging hat substance needed to 
produce 1 piece of a hat body and hat. The areas of the adjacent integrals from 
the process stage involving dyeing are colored with the same color as a hat body 
and hat for clarity. The sum of definite integrals over all process phases creates 
a definite integral, characterizing the stocks of capital in the items of the BOM 
forming the hat and in the hat itself during its storage.   
                    = 1,04+1,51+2,80+2,49+3,28 = 11,12 €Year.

∫    f(t)dti

i–1

∫    f(t)dt5
0

∫    f(t)dti

i–1

∫    f(t)dt5
0

f    (t)i-1,i
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2. FINANCIAL Case study, cont.

States of capital in BOM parts of given product and in product itself can be defi-
ned in two ways, related to the concepts consumed capital i.e., costs or created 
capital i.e., price:

The last column of the table shows the profitability of the hat substance sold, of 
the hat body sold and the profitability of completed hat. The least profitable is 
the hat substance, the most profitable finished hat. However, this may not be the 
case when evaluating production efficiency according to ROI. Capital employed 
is the lowest in the production of hat substance, the highest in the production of 

The difference between 
these two concepts is nu-
merically illustrated by the 
data in the table.
The first five numeric co-
lumns inform on created 
capital  shown in the graph 
on previous page, in the 
next five columns are data 
informing on consumed ca-
pital for a certain develop-
ment of cost of items .

 Valuation of BOM parts by their prices and costs

 Profit, profitability, and possible ROI values

The value of the created (and existing) object at a certain moment, 
which in the case of a finished object is its price and in the case of  
a work in progress on the object its gradually emerging price. This concept 
was used in the example on previous page and was easy applicable because 
the hat substance and the hat body are saleable and as such, they have unam-
biguous prices. However, if these items were not the subject of sale, it would 
also be necessary to set their intracompany prices. In general, this would be 

necessary for all parts of the BOMs for all final products of the enterprise. This 
would be not only challenging but also problematic from a conceptual point 
of view.   
The value of consumed capital contained in the object at a certain moment, 
ie the stock of capital characterized by the costs incurred for the object in the 
enterprise up to any relevant moment. The difference from the first concept is 
evident already in the initial phase of the previous example. While the created 
capital is constant because the price of skins does not change during their sto-
rage, the cost of stored skins increases during the storage phase due to space, 
handling and other direct and indirect costs related to this phase. At the end 
of the storage phase, the cost of the skins is higher than the price of the skins. 
The opposite is true at the end of the second phase, assuming that the price 
of the hat substance is higher than its cost.  

1.

2.

The values of the capital created for the unfinished final product is for informati-
on only. In the example, this is the case after completing the hat substance and 
the hat body in manufacturing the hat. When measuring employed capital in the 
denominator of ROI, the second concept must be applied and in PPROI it is so. 
In this case, the amounts of capital continuously or stepwise entering the proce-

sses for certain product and the time of their existence in the processes until the 
moment of product sale are recorded. Yield i.e., profit per product should be ex-
pected just from this money-time amount. The gradual increase of profit during 
the production of the hat does not require any capital inputs, nor can a yield be 
expected from it, as it is unrealized profit.

finished hat. In the example, only the current CE is registered, which for hat sub-
stance = 1.05 + 1.40 = 2.45, for hat body = 1.05 + 1.40 + 2.45 = 4.90, for finished 
hat = 1.05 + 1.40 + 2.45 + 2.25 + 2.92 = 10.07. Essential for ROI values are the 
values of fixed CE, which we have not yet addressed. They will be expressed in  
a broader context on the following two pages.
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2. FINANCIAL Case study, cont.

In the characteristics of the costs ge-
nerated by the machine on p. 2–5, 
we emphasized the importance of 
defining microphases of operations 
differing in the structure and activi-
ty of resources. The example of cost 
components was related to the ma-
nufacturing of product in the metal 
industry. Microphase application is 

Significantly different financial consequences has the microphase of the automatic pressing of the hat. Here the machine is active, operates independently and gene-
rates costs for electricity, steam, compressed air and hydraulic fluid. These costs depend on the physical consumption and price of the items. This microphase also 
generates maintenance costs and fixed capital associated with internal maintenance. Depreciation, fixed capital contained in the machine and in a part of the building 
arise in the same way as in the previous microphase. This also applies to the current CE which increases in the unfinished hat. In the third microphase an operator 
acts independently; after starting the machine he visually inspects the hat, places it in a container or transfers it to the next work center and prepares another piece 
of hat for placement into the machine. However, the time of these activities can be short compared to the time of automatic pressing, and operator can either provide 
microphases in follow-up operation or operate more presses working in parallel. At the time of this microphase related to the operation of pressing a certain hat, only 
labor costs arise, and the CE contained in the unfinished hat grows.

The table shows the main types of costs and CE related to these 
three kinds of microphases of the operation 60, ie., pressing the 
hat, which is numbered 26123. The sums over microphases re-
sults in individual types of costs and CE for the operation 60 and 
the sums over individual types of costs and CE determine the total 
costs and CE for the operation. The values of the current CE are ne-
gligible, which is due to the very low values of capital contained in 
the unfinished hat compared to the fixed CE contained in the press 
which reflects the time usage of the press. The decisive part of the 
current CE exists outside the time of processing the product part, 
at the time when the unfinished or completed parts are in stock. 

needed in all industries. We will now explain it in more detail on the processing of 
the hat.
The image on the left relates to the microphase of exchanging consecutive pieces 
during the processing of the final part in a hydraulic press, where the basic shape of 
the hat is created. At this phase, man is active, and the machine is passive. Human 
generates costs and the machine, in addition to generation costs in the form of 
depreciation, also represent CE in the process. This also applies to the part of the 
production hall on which the press is located. The costs arising in the microphase, 
and its time are reflected in the increase of the current CE in the unfinished hat. 

 Calculation of direct costs and CE in the microphases of processing operations 

The time of the 2nd microphase, i.e., automatic processing, is determined by the 
technology department in order to achieve the desired shape and other required 
properties of the hat. The variable components of machine costs are calculated 
by the system from the normative consumption of electricity, steam, compre-
ssed air and hydraulic fluid and maintenance requirements per hour of activity 
of the press and the time of microphase in the shaping of the particular hat. The 
depreciation of machine is calculated in PPROI from the microphase time of the 
press, its time utilization in the period concerned and from the price of the press 

and its lifetime. All input data necessary for the calculation of machine costs are 
known in the enterprise, but it is necessary to record them in PPROI structures. 
This also applies to space costs. Fixed machine costs and space costs are calcula-
ted also in 1st microphase.  The record of the times of partial motions and other 
actions of workers  is the basis of the traditional standardization of processes, 
but for the relevant processing of this data into labor costs it is necessary to 
assign them to the microphases of the operation. This applies to the 1st and 3rd 
microphases of the example.
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2. FINANCIAL Case study, cont.

So far, we have assumed the production of hat substance, hat body and hat within 
one enterprise. As both the hat substance and the hat body are salable products 
in the enterprise concerned, their further processing can take place in downstream 
enterprises of the supply chain. The end customer, the consumer buys only finished 
hats. The following tables contain the prices of the items calculated by pricing for-
mulas commented on page 2–11. The enterprise producing the hat substance, the 
hat body and the hat is marked with the letter A, the enterprise buying the hat 

Traditional pricing formula: Product price = Product cost * (1 + (Profit / Cost) target;   
In the example the Profit / Cost target value = 0.12 
In the production of the hat body and the hat in the supply chain, i.e., the hat body 
in enterprise B, and the hat in enterprise C the calculated prices of products are 
significantly higher than in  production of all products in enterprise A. The reason is 
duplicate profit calculations in the supply chain. In the production of the hat body in 
enterprise B, the profit is calculated twice: Once from the costs of the hat substance 
in enterprise A, the second time from the calculated price hat substance transferred 
to enterprise B, where this value becomes part of direct material costs. It is just 
this value = 25.2 (1 + 0.12) * 0.12 = 3.39, that increases the price of the hat body in 
enterprise B= 44.49 in comparison with price in enterprise A = 41.10. The relative 
price increase is 8.2%. This senseless increase in prices multiplies in the supply cha-
in of enterprises. The price of the hat produced in enterprise C = 65.84 is therefore 
15,27% higher compared to the price of the hat made in enterprise A = 57.12 

Correct pricing formula: Product price = Product cost + Product CE * ROI target; 
In the example ROI target = 0.12
Even in this product pricing, the costs of products in their production in two or more 
enterprises in the supply chain are higher than in the production of products in one 
enterprise. The costs of the hat body in enterprise B and the hat in enterprise C are 
higher than the costs of these products in enterprise A (see the third and fourth 
tables). But product prices are the same in both alternatives. 
This is because the CE in the production of hat body and hat in enterprise A is signi-
ficantly higher than in the production of these products in enterprises  B and C. The 
production of hat body in enterprise  A also includes the production of hat substan-
ce, while in enterprise B it is only the processing of purchased hat substance. The 
production of a hat in enterprise  A includes the production of a hat substance and a 
hat body, while the production of a hat in enterprise  C includes only the processing 
of a purchased hat body. 

substance from enterprise A and processing it into the hat body is marked B and 
the enterprise buying the hat body from enterprise B and processing it into the hat 
is marked C. The products and processes in enterprise B and C are the same as in 
enterprise A, we abstract from the logistics processes between enterprises. Under 
this assumption, the prices of the hat body and the hat in their manufacturing in 
one enterprise and in the supply chain should be the same. However, this is only 
the case for pricing according to the new pricing formula in the PPROI.

 Pricing of hat substance, hat bodies and hats if produced within one enterprise and in the supply chain of enterprises

1.

2.




