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Abstract 

The Mining and Smelting Complex Bor (RTB) is one of the biggest electrical energy consumers in 

Serbia, with costs that exceed 3 million USD per month, or between 30 and 40 million USD per year. A 

complex technological process of copper production comprises mining, concentrate production (flota-

tion), smelting and electrolytic refining. In all these stages a large amount of energy is consumed. The 

electricity is supplied from the power plants using 5 substations: two of them located in Bor, and the 

remaining three in Majdanpek. The conditions for delivery and billing of the electrical energy were 

defined by the contract with the supplier. The methods of billing (calculation) the electrical energy costs 

were changed several times in the previous 25 years. Although the consumed energy is the largest part 

of the overall costs, there were also some indirect costs affecting the final monthly price. It is clear that 

even a minor percentage decrease of costs can lead to substantial savings in the total amount. Hence, 

different technological and organizational activities were undertaken to reduce these costs. The paper 

presents primarily the effects of administrative measures on the amount of total electrical energy costs 

in copper production. 
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INTRODUCTION  

Copper production in RTB includes vari-

ous technological and organizational activi-

ties in a wider geographical area [1]. In these 

activities, the large amounts of electrical 

energy are consumed [2]. For the security of 

power supply, the five primary transformer 

substations (TS) (110 kV/6 kV
*
) were built; 

two located in Bor, and three located in 

Majdanpek. The total installed capacity of 

all power stations in RTB is close to 500 

MVA. All costs (including energy and 

 
 

 

power) are calculated and billed by the elec-

trical energy supplier at the level of con-

sumer substations, not the individual plants 

that are the part of RTB. Allocation of costs 

within RTB organizational units - plants 

and factories, is carried out based on the 

internal measurements. Measures to reduce 

these costs have always been undertaken, 

but until late 80s and early 90s there was no 

systematic monitoring and control of power 

and energy consumption, so these measures 
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were not always effective. In fact, at that 

time, design, construction and application of 

supervisory and control systems in trans-

former substations started, at the beginning 

only in TS Bor3 [3]. Later, the other trans-

former substations were included, as well as 

the individual plants in RTB. As the super-

visory system enabled real-time and conti-

nuous monitoring of consumption, with the 

option of creating technical and financial 

reports with objective presentation and dis-

tribution of costs, an opportunity for reduc-

tion and optimization of these costs appe-

ared [5]. Many concrete actions were under-

taken in this period that can be classified 

into two main categories: technological and 

organizational; or combination of both. 

Very often they give the significant results 

[4, 6, 7, 8, 9, and 10]. 

The aim of this paper is not to present 

measures and activities to reduce the elec-

trical energy costs, nor the effects, but the 

impact of numerous changes in the methods 

of calculation the costs in last 25 years. 

These changes were initiated by the electri-

cal energy supplier and demanded different 

measures and strategies to reduce the costs, 

which will be denoted by administrative 

measures in further text.  

The analysis provided in the paper co-

vers the period 1991-2015. As a proof of 

concept, only the  substation Bor 3 will be 

analyzed, as it was the first one with the 

installed monitoring and control system and 

provides continual data acquisition since 

1990 (with the exception of 1999, when it 

was ruined in bombing of Serbia and Mon-

tenegro). Also, all the metallurgical and 

some of the mining plants are electrically 

supplied from this transformer substation 

(see Table 1), hence the results can be easily 

generalized for other substations. 

 

Table 1 The plants electrically supplied from TS Bor 3 

 Plant TS  Bor 3 cell 

1 Smelting Plant 100 K9+K10 

2 Smelting Plant 456 K42+K43+K44 

3 Electrolytic Refinery K45+K46 

4 Foundry K17+K18 

5 Old Air Separation Unit K19 

6 Power Plant K40+K47 

9 New Smelting Plant K6+K21 

10 Sulphuric Acid Plant K15 

11 Filtration K30 

12 Old Concentrator K2 

13 New Concentrator K31+K32 

14 Export pit K33+K34 

15 FOD K27 

16 New Sulphuric Acid Plant K5+K20 

17 Power Plant for the Smelting Plant K14 

18 Fibre-Reinforced Plastic (FRP) Unit K3 
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OVERVIEW OF CALCULATION 

METHODS 

It has already been noted that in the re-

porting period (1990 - 2015) RTB Bor pur-

chased the electrical energy from the supli-

ers according to the contracts that were 

signed each year. The contracts contained 

regulation the method of delivery, quantities 

and prices of electrical energy and power. 

Each of the contracts contained a price list 

with the specification of energy and power 

unit price, and some additional costs. Those 

additional costs were small both in absolute 

and in relative terms, and will not be further 

discussed in this paper. The electrical ener-

gy, active and reactive, as well as the tariff 

system, have the greatest influence on the 

overall costs. However, these costs will not 

be discussed in detail, because it would be 

necessary to take into account the produc-

tivity norms, which is beyond the scope of 

this paper. Hence, the focus of the article 

 

 
 
 

will be on power costs, as the second most 

significant factor influencing the overall 

costs, or to be more specific the peak load 

costs [7, 8]. The peak load is the maximum 

average power load over a designated inter-

val of time (15 minutes) during one month 

(Figure 1). It is clear that, under certain cir-

cumstances, 15 minutes of unusually high 

energy import, resulting from the concur-

rent start-up of power consumers, may dras-

tically increase the power costs for an entire 

month. This can be often avoided with only 

a minimal technical effort, by just a few 

short, targeted interventions at the right 

point in time. The calculation of peak load 

costs has changed over the years, and the 

company had to adapt to these changes in 

order to reduce the costs. Each of these 

methods of calculation is discussed in de-

tails in further subsections. 

 

 

 

Figure 1 Peak load definition 

 

Principle of “regional peak load” 

The period 1991-2003 was characte-

rized by the significant share of peak load 

costs in the total electrical energy costs, 

 
 
 

which went up to 46%. Clearly, potential 

savings in these costs were significant, ha-

ving in mind the absolute amounts of costs. 
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This was also the period when a special 

attention was paid to development of sys-

tems, actions and algorithms for its reduc-

tion [3, 6, and 9]. However, the method of 

calculation the peak load costs was rather 

interesting. The electrical energy supplier 

(Elektroprivreda Srbije – EPS at that time) 

measured the peak load in all 110/6 kV 

transformer substations in the Zajecar ad-

ministrative district (municipalities of 

Zajecar, Bor, Majdanpek, Negotin, Kladovo, 

Knja-ževac and Boljevac) during each 

month. Hence, the substations that had no-

thing to do with RTB were also included in 

the calculation of peak load costs. These 

data were then merged to find maximum 15-

minute peak load values over all substations 

in the administrative district. The time when 

the maximum peak load in the whole district 

occurred, was further used to read the peak 

load in substations that supplied RTB.  

This method of calculation of peak load 

costs was neither logical, nor fair, from the 

point of view of the consumer, but the sup-

plier insisted that it was the only way to 

guarantee the continual supply of electrical 

energy to all consumers in the district. It 

was very difficult to optimize or reduce the 

costs, as the time of occurrence of peak load 

was not always related to production activi-

ties in RTB. It should be insisted on as less 

as possible engaged electrical power, and 

thereby the peak power was lower, anyway 

measured. In this way, RTB Bor achieved 

significant savings in 1991 [11]  

The year 1991 was used as an exa-

mple, as this was the year with extremely 

large production of cathode copper. 
 

Table 2 Costs distribution in 1991 

Costs  

Energy (active) [USD]   6 850 000 

Peakload [USD]   5 800 000 

Total [USD] 12 650 000 
 
 

 

Figure 2 Costs distribution in 1991 
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Figure 3 Measured (engaged) power in 1991 
 

The principle of  

“common peak load” 

From 2003 to 2008, the electrical energy 

supplier (Elektromreža Srbije - EMS), in-

troduces a new method of calculation and 

billing the electrical energy costs. The peak 

load was now determined as the maximum 

average 15-minute sum of loads in all 5 

substations that supplied RTB with electri-

cal energy. This was a fundamental change 

as it included only the substations that 

suplied RTB. Although the RTB plants are 

distri-buted and very often technologically 

independent, it was possible, for the first 

time, to make organizational and procedural 

algorithms that would enable the optimiza-

tion of power costs [11, 12]. The dynamic 

plan for activation of large consumers was 

made, to avoid its concurrent start-up when-

ever it was possible, without disturbing the 

technological process. 

 
 

 
 

In order to enable the realization of 

such dynamic plan, all five substations 

were monitored in real-time using the in-

stalled monitoring systems. Although the 

most optimal results would be obtained by 

making a centralized system that would 

merge the data from all substations, this 

was not realized due to very complex 

technological processes and organizational 

structure in RTB, so only the individual 

impact of every substation on reducing the 

peak load was assessed. However, even 

not optimal, these measures yielded posi-

tive results. The impact of peak load in the 

total costs decreased to approximately 

30% (Figure 5). A typical example of an-

nual costs for this period is shown in 

2004. 

 

Table 3 Costs distribution in 2004 

Costs  

Energy (active) [USD] 2 358 705 

Peak  load [USD] 1 050 343 

Other costs [USD] 251 452 

Total [USD] 3 660 501 
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Figure 4 Consumed electrical energy and measured (engaged) power in 2004 

 

 

Figure 5 Costs distribution in 2004 

 

The principle of 

 “individual peak load” 

In the period 2008-2014, the method 

for calculation and billing the electrical 

energy costs changed again. The peak load 

was determined at the level of each indi-

vidual substation, as its maximum average 

15-minute load during one month. This 

was not beneficial for consumers, as the 

sum of maximum peak load values is al-

ways higher (or equal in the best case) 

then the maximal sum ("common peak 

 
 

 

 

load" principle). Hence, all the actions to 

reduce the power costs were transferred to 

a lower level, a level of the single substa-

tion and plants that were supplied by this 

substation [14]. Technologically speaking, 

it was a simpler procedure, but the possi-

bilities of savings were limited [13]. Ne-

vertheless, the impact of power costs de-

creased in this way to approximately 20%, 

as shown in Figure 6. 
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Table 4 Costs distribution in 2012 

Costs  

Energy (active) [USD] 5 841 673 

Peak  load [USD] 1 505 505 

Other costs [USD] 23 450 

Total [USD] 7 370 488 

 

 

Figure 6 Costs distribution in 2012 

 

 

Figure 7 Costs for electrical energy and measured (engaged) power in 2012 

 

The principle of  

“approved peak load” 

Changing the laws and government re-

gulations in 2014, the electrical energy 

market was liberalized, and EPS was no 

more the exclusive supplier. Also the terms 

 

 
 

 

of calculation and billing the electrical ener-

gy costs were negotiated with the supplier. 

Hence, the method of calculation has 

changed once more.  
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Jugoistok (the part of EPS) was chosen 

as the supplier. The structure of costs con-

sists of the consumed electrical energy, the 

approved electrical power and monthly dy-

namic for the whole year. Based on con-

sumption in recent years, and production 

plans in the future, RTB needs to provide 

the plan to the supplier, which in turn de-

fines the approved power, as the new term 

in the bill. Power was still measured as 

maximum average 15-minute load during 

the month. As long as this peak load is less 

than, or equal to the approved power, the 

user only pays the amount of approved 

power. Any excess over the approved value 

 

is called the excessive power, and it is billed 

at four times higher prices. This method of 

calculation requires a thorough analysis of 

electrical behavior in previous years and 

good planning and prediction of production 

in the year for which the agreement is to be 

made [16,17]. So, in addition to energy ex-

perts, it is necessary to involve the technical 

stuff in the individual organizational and 

technological units [18]. This method of 

calculation may be illustrated by the case of 

2015, where it is clear that the share of the 

power costs decreased significantly using 

the new principle of cost calculation (only 

3%). 

 

Table 5 Costs distribution in 2015 

Costs  

Energy (active) [USD] 9 533 933 

Peak load [USD] 369 809 

Other costs [USD] 2 033 869 

Total [USD] 11 937 611 

 

 

 

Figure 8 Monthly costs for electrical energy and measured (approved and exceeded)  

power in 2015 
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Figure 9 Costs distribution in 2012 

 

DISCUSSION  

To make a fair comparison of impacts 

and effects of changes in methods of calcu-

lation and billing of electrical energy, the 

objective measures should be used, such as: 

active and reactive energy, electrical power, 

or some administratively defined quantities, 

such as: excessive energy, peak load, appro-

ved power, excessive power, and the like. 

Active energy was the most dominant part 

of electrical energy costs in the whole ana-

lyzed period. Reactive energy, on the other 

hand, in some periods was not billed, some-

times not even measured .Note that Bor3 

substation had the capacitor batteries in-

stalled (with the power of 14 MVAr); 

thereby the satisfactory compensation of 

reactive energy was achieved. However, 

after it was destroyed in bombing in 1999, 

the new one was built, but without a section 

for reactive power compensation. Only after 

years the capacitor batteries were installed, 

and the reactive energy was compensated.  

Copper production in the observed 25-

year period varied from more than 100.000 

tons per year in the early 1990s to 30.000 

tons in recent years. Several factors influen-

ced the reduced production, including tech

 
 
 

nological factors (smaller percentage of 

copper in the ore), political (economic sanc-

tions during the 1990s), economic factors 

(drastic changes in prices on the stock mar-

ket, from 1.500 USD/t in 2002 to 10.000 

USD/t in 2011) etc. In order to make an 

objective comparison, a new quantity is 

defined denoted as the “average price of 

active energy per annum" CEa:  

 
 kWhEa

USDP
C Ea

Ea 

  

(1) 

where Ea is the total active electrical ener-
gy spent over a year, and PEa is the total 
annual price of this active energy denomi-
nated in USD.  

In addition to active the energy, a signif-

icant part of costs was the electrical power. 

These costs were calculated in different 

ways over the analyzed period (regional 

peak load, common peak load, individual 

peak load, or the approved power and ex-

cessive power). Therefore, the concept of 

"average monthly price of power per an-

num" CP is introduced: 

 
 kWAMP

USDPMC
CP 

  

(2) 
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Where PMC represents the average 

monthly cost for the power over the year 

and AMP is the average monthly power 

over the year (determined as the peak load 

or the approved peak load, depending on 

the analyzed period). In this way the pa-

rameters CEa and CP were introduced, that 

represent the unit price of energy and 

power, irrespective of the way of calcula-

tion. These are the two key parameters for 

comparison because they are dominant in 

the total amount of costs for each of the 

listed methods of calculation.  

Figure 10 presents CEa and CP calcu-

lated for TS Bor 3 for all described met-

hods of calculation 

 

 

  

Figure 10 Energy and power unit prices for different methods 

 

Comparison of described methods of 

calculation and billing the electricity costs 

shows that only the spent active energy rep-

resents a significant (dominant) part, inde-

pendently of the used method. The other 

costs are allocated or categorized different-

ly. Therefore, reducing the total consump-

tion of active energy still has a significant 

effect in reducing the cost and impact on 

other elements (peak power, reactive pow-

er,) does not always provide equivalent sav-

ings for each of the methods. Given that the 

costs of reactive power are becoming big-

ger, it should be accessed by installing the 

compensation batteries in all consumer sub-

stations. 

CONCLUSION 

The all results presented in this paper 

are given for one substation (TS Bor 3) out 

of five that are used to supply electri-city in 

RTB, which has the share in the total elec-

trical energy costs ranging from 24% to 

45% over the analyzed period. The total 

costs of electrical energy are approximately 

3.000.000 USD per month. It is clear that 

savings of only 1% amounts 360.000 USD 

per annum. To reduce the cost of electricity 

various activities were undertaken in the 

analyzed period. In the period when 're-

gional' and 'common' peak load method 

was used, the main objective was to re-

duce the peak load, as the share of the 

peak load in the total costs was very high 

(up to 46%). 

The reduction and optimization of elec-

trical energy consumption is a permanent 

task. This is achieved by installing the ap-

propriate aggregates and their optimum ope-

rating regime. The current method of calcu-

lation the electrical energy costs particularly 

insists on careful planning the consumption, 

as the approved peak load is determined 

annually, based on the previous consump-

tion and productivity plans. Any excess of 

approved power can lead to significantly 

increased total costs. 
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