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Abstract - Due to ever rising demands for electricity, electric power systems are being extended which impacts on their 
complexity, hence the management of such systems represents a real challenge. An alternative scheme and unpredicted 
situations that could influence these systems make its management a multidimensional mathematic problem, which includes 
not only technical but also organizational, regulatory, ecologic and economic aspects. Predicting of such states is especially 
important for the efficacy of management of such systems. This paper, representing the result of starting researches on the 
development of the doctoral thesis at the university of Montenegro, defines an approach to the creation of a model for one 
such system with the goal to ensure a more efficient system for its management. This model is based on a mirroring of causal 

and effect relations inside the system as well as its surrounding, integrating all the aspects (technical –technological, 
ecological, regulatory, economic) of the system’s operation.  
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I. INTRODUCTION 

 

We are all witnesses to permanent rise of needs for 
electricity, conditioned by the rise of number of 

population, rise of their needs as well as economic 

rise. The rise of consumption of electricity often leads 

to the quickened development of electric power 

systems, as well as to the changes in their own 

operation. All this leads to the state where electric 

power organizations become more and more complex 

for management, hence some systems that could 

enable more efficient management are necessary.   

 

Even though the technical and technologic aspects of 
functioning of any system have become the most 

complex and this part has been the most difficult for 

tracing in this situation, the goal of this paper is to 

consider an electric power system in its wholeness, as 

a business organization which   also comprise the 

aspects of business outside of these technical and 

technological aspects.  

 

The reason for this is the fact that, during the 

management of an electric power system, any 

deflections from the planned values could endanger 

normal operations of not only a technical and 
technological but also an economic segment of  

electric power organizations. Such unpredicted 

situations in the electric power system make its 

management a multidimensional mathematical 

problem which, besides technical, includes also 

organizational, regulatory, ecological and economic 

aspects. Prediction of such states is especially 

important for the management of organizations what 

can be  a very important aspect on this field.   

II. MODELLING OF BUSINESS PROCESSES 

 

It is difficult to carry out experiments on real electric 
power organizations, as well as to get a reliable 

answer to what could  happen in cases of  unpredicted 

situations. In such cases, in order to get a reliable 

answer, a scientific modelling method where a 

system’s model is developed so as to perform 

experiments i.e. simulation  has been applied. Since 

modern electric power organizations become more 

and more complex, their modelling becomes a rising 

challenge for engineers. The model may not include 

all the variables of a real system, but only the basic 

ones that had been determined for the purposes of the 
simulation. The goal of simulation of an electric 

power system model in this paper is to understand the 

organization and the ways how to improve its key 

performances i.e. how to objectively predict its states 

for the purposes of accomplishment of an expected 

business success [1]. Regarding the above mentioned, 

it can be talked about the simulation as a system for 

support of decision making process.   

This simulation may not be performed without an 

adequate model. The selection of an adequate method 

for modelling of business processes is the basic 

question for each researcher, especially if the 
intention is to perform simulations on this model. The 

systematic analysis of these methods was performed 

in [2], in a manner that they had been classified 

according to the purpose and capacities for use in the 

model. Based on this purpose, the analysis had 

divided them into the following classes: descriptive 

models for learning; descriptive and analytic models 

for the support of decision making process during the 

control and execution of processes, and the models to 
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support information technologies. Besides this 

division, in [2], the models were divided according to 
the possibilities for the adjustment of models into 

active, which change easily, and passive ones whose 

changes on model demand a creation of an entirely 

new model. In accordance  to this division, it defines 

the  IDEF3 method not only as an active method for 

the purposes of education, but also as a passive one 

for the purposes of development and execution of the 

model, having in mind that, however, it does not 

classifies  this method as  convenient for simulations, 

probably because of the lack of adequate simulation 

software.   

The paper [3] establishes a framework for simulation 
based on the Integration DEFinition (IDEF) model of 

business processes, eliminating thus the dependence 

on a simulation software. Their concept can be 

applied on any analytical model until that model is 

supported by databases, where logic is separated from 

data.  Having regard to the conclusions from previous 

works, the authors’ determination was to use IDEF0 

and IDEF3 methods of business processes modelling, 

and to perform simulations of business processes of 

the selected electric power system on such formulated 

model. It is important to note that the opinion 
dominant in reference literature ([4], [5], [6] and [7]), 

related to both modelling and simulation problems, 

may not be an exact mirroring of a real system due to 
a big number of variables. From these reasons, the 

modelling of the system is limited only to basic 

variants determined by the goal of simulation.  

  

III. RESEARCH SUBJECT 

 

The goal of this paper is to indicate the possibility of 

creating model for one electric power system that 

should serve for the predication of its state. Such a 

model would be based on a mirroring of cause and 

effect relationships inside the systems, as well as 

between the systems and their surroundings, where it 
would integrate all the aspects (technical and 

technological, ecological, regulatory, economic) of 

the system’s operation. Production, distribution, 

supply, management of power systems and trade with 

electricity are key activities of big electric power 

organizations. Other activities may include: coal 

production, design, building, reconstruction and 

maintenance of electric power facilities.  

An electric power system which contains five 

companies dealing with the production of electricity 

was considered in this paper. Tables 1 and 2 present 
technical characteristics of these generation facilities. 

 

 
TABLE 1. The hydroelectric  facilities within given electric power organization 

 

 
TABLE II: The thermoelectric facilities within given electric power organization 

 

To understand which information a simulation should 

provide, it is always necessary to start from the 

defined strategic goals, mission and vision of the 

facility of research, followed by the modelling of 
business process starts.  

 

IV. APPROACH TO CREATION OF A MODEL 

OF SELECTED ELECTRIC POWER SYSTEM 

 

The first step in the identification of a model is to 

identify processes in given organization and their 

relations. At the beginning of the process model, it is 

necessary to define boundaries of the system and 

entries and exits from the system. Figure 1 presents 

the process model of given electric power plant.  

The process of creation of models for key processes 
for each subsystem of the electric power system 

follows the creation of a macro process. This process 

model had been developed on the basis of the 

documentation about quality systems in similar 

organization by use of IDEF0 and IDEF3 methods. 

The inputs and outputs, control and regulation, as 

well as the resources necessary for the functioning of 

each subsystem had been set through the definition of 
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a key model. The subsystems had been put in mutual 

correlation in a way that outputs from one subsystem 
represent inputs for other subsystems. An integration 

of business processes among several organizations of 

an electric power system had also been performed in 

this way. It had been assumed here that it is possible 

to observe the ways in which the positive effects of 

this subsystem would be reflected to the entire system 
by setting of all the parameters of one system in a 

correlation with other operative parameters of the 

system.  

 

 
Fig. 1 The macro process model of given electric power plant 

 

Therefore, a concept of creation of an influential model based on the data from a thermoelectric power plant as a 

subsystem of the considered electric power system was formulated according to the abovementioned facts, as 
presented in Figure 2.  

 

 
Fig. 2 The phases in the creation of an influential model based on the example of a thermoelectric power plant 
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Some diagrams and correlation coefficients can be 

obtained by setting in a correlation of certain data, for 
example, air temperature, content of raw moisture, 

lower heating power of coil and electricity produced, 

as presented in figures 3,4 and 5. The predictions of 

electricity produced at threshold in relation to 

external air temperature was executed on the basis of 

the correlation coefficients. A non-concordance to the 
assumption, namely the fact that a heating power of 

coil rises together with the rise of raw moisture 

content had been observed. 

 

 
Fig. 3 The correlation between air temperature and raw moisture content in coil  

 

 
Fig. 4  The correlation between bottom heating power and raw moisture content in coil  

 

 
Fig. 5  The correlation between bottom heating power and raw moisture content in coil  
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Based on the data, it was observed that, in certain 

time  periods,   crude oil was added as a fuel besides a 
coil as an energy source, and that the bottom heating 

power was fairly bigger in these time periods, what is 

not understandable from the thermo-technical point of 

view. The results of the analysis are given in Table 3. 

 

Air 

temperature  

Raw 

moisture in 

coil  

DTE 
Power at 

threshold  

◦C % KJ/kg MWh 

-10 35,391 8.559,38 5.293,47 

-5 33,845 8.390,42 5.258,11 

0 32,299 8.221,45 5.222,75 

10 29,207 7.883,53 5.152,02 

20 26,115 7.545,61 5.081,29 

TABLE III: The dependence of electricity produced at the 

threshold of a power plant on air temperature 

 

A correlation analysis of an ash content in coil and a 

bottom heating power was carried out according to 

the previous conclusions, where , based on Figure 9, 

it can be seen  that a bottom heating power rises when  
ash content decreases. 

 
Fig. 6 The correlation of bottom heating power and ash content 

in coil 

 

The analysis was carried out and the data on a  coil 

content were varied as presented in Table 4, and the 

obtained results were in concordance with the 

expected ones. A correction of an influential model 

was executed and the model is given in Figure 7.  

 

Ash in coil DTE Power on threshold 

% KJ/kg MWh 

5 12.209,55 6.057,46 

10 10.838,10 5.770,41 

15 9.466,65 5.483,37 

20 8.095,20 5.196,33 

TABLE IV: The dependence of an electricity produced at 

threshold of a power plant on ash content in coil 

 

 
Fig. 7. Redesign of the influential model according to the analysis 

 
An integration of business processes among several 

organizations in one electric power system was 

executed in this way, what, on the basis of causal and 

consequential relations of the process and subsystems 

would ensure obtaining the model which properly 

reflects the state of the system and which would be a 

good management tool. Having regard to experts’ 

opinions, got in a non-structured interview with 

experts from various electric power domains, a range 

of internal and external characteristics which can 

impact on inputs, outputs, controls and resources of 

each subsystem would be generated for each 

subsystem.  These characteristics represent 

information about key data for the system’s operation 

from the technical and technological, economic, 

regulatory and ecologic domain. A complex model of 

mutual impacts of the system and its environment 

would be obtained by setting all the characteristics for 

the integrated model. 

The assessment of strength of mutual impact of the 

characteristics was executed on the basis of the 

collected chronological data for each of these 

characteristics. The data would be collected in three 

ways:   
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 downloading from Business Intelligence (BI) and 

Enterprise resource Planning (ERP) solutions, 

 mining data  

 mining web content  

 

The considered electric power system has established 

SAP Business Intelligence solutions in its ERS 

business, hence the data collection is facilitated to the 

significant extent. This system offers an opportunity 

for accomplishing new knowledge, but only to the 

extent supported by data. The considered electric 

power system, by introducing  this system, had the 

goal  to fasten the creation of balance and technical 
report for the regulatory agency, however, this system 

offers much more opportunities such as the 

possibility for development of a simulation model 

which would enable an objective decision making, as 

well as an efficient management of the considered 

electric power system.  

 

V. CONCLUSIONS 

 

This paper presents the approach to the creation of a 

model of electric power system which would reflect 

causal and consequential relations inside an 
organization, as well as between the organization and 

its surrounding. The chronological data on   the 

execution of business processes in an electric power 

organization represent the data source necessary to 

generate a mathematic model.  

In this way, the efforts are being made  to develop an 

unique simulation model which would integrate all 

the aspects of operation of  a complex system ( 

technical and technologic, economic, ecologic, 

regulatory), what would create a basis for the 

execution of experiments for the purposes of 

prediction of states of this system and making 
objective and unbiased business decisions. This 

model would be applied in an electric power system 

as the most complex industry system, and , with 

certain modifications, it could also be applied in other 

organizations regardless of their activities. The 

starting researches in the development of the doctoral 

thesis at the University of Montenegro, on the basis 

of which this paper was written, had proven the 

usefulness of such approach,  and the development of 

the doctoral thesis has been in progress.     
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